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TINH TOAN CAC HE SO CHUYEN PONG ELECTRON
CUA HON HQP KHi CF4-Kr
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Tém tat: Bai bao trinh bay viéc tinh toan va phan tich cac hé s6 chuyén dong electron ciia hon
hop khi carbon tetrafluoride (CFs) va krypton (Kr) bang chuong trinh BOLSIG+. Cac tham s6 duoc
tinh toan gi‘im: nang lugng trung binh cuia electron, d§ linh dong, hé s6 khuéch tan véi nhiéu ti 16
tron khac nhau. Két qua gitp 1am rd sy phu thudc ciia cac tham sé chuyén dong electron theo E/N,
dong thoi cung cap dit liéu phuc vu cac ing dung plasma va ling dong mang mong.

Tir khoa: phuwong trinh Boltzmann; hon hop khi CF+~Kr; BOLSIG+; ham phdn bé ning lirong
electron (EEDF); dg linh dong; hé s6 khuéch tan

Abstract: This paper presents calculations and analyses of electron transport coefficients in
carbon tetrafluoride (CF4), krypton (Kr) gas mixtures using the BOLSIG+ program. The computed
parameters include the mean electron energy, the mobility pN, the diffusion coefficient DN, for
various mixing ratios. The results clarify how these electron transport parameters depend on E/N
and provide data useful for plasma applications and thin-film deposition.

Keywords: The Boltzmann equation;, CF+—Kr gas mixture, BOLSIG+, electron energy
distribution function (EEDF), the mobility, the diffusion coefficient.

1. Gi6i thiéu

CF.4 12 mot loai khi nhan tao dong vai trd quan trong trong cac ing dung cong nghiép nhu chat
ban dan, khic plasma cho qué trinh xir 1y vat liéu, cong tic m& phéong dién, vat 1y va hoa hoc khi
quyén, chat khi dién méi va cong nghé do khi (Proshina, O.V et al., 2015). CF4 duoc két hop véi
oxy lam méi truong khic duoc sir dung trong nganh cong nghiép ban dan dé khéc cac vat lidu dién
moi, chang han nhu SiO2 va ciing dé ling dong mang polymer flo héa. Khi két hop, CFa voi SF6
tao ra mot chét long dong lanh it tdn kém, doc hai va an mon hon so v6i SF6 don thuan (Reinking,
G.F et al., 1986). CF4 da duoc sir dung khong chi ¢ dang tinh khiét ma con ¢ dang hdn hop vai cac
khi khac nhau cho nhiéu tng dung c6ng nghiép. Trong cong nghé dién ap cao, CFa duoc sir dung
lam chat phy gia cho cac thiét bi ngat mach (Duzkaya, H et al., 2017). Hon hop khi CFa va Ar
duoc sir dung trong cac img dung vi mach dién tir trong khi d6, hdn hop CF4/Ar ciing da duoc sir
dung trong tng dung plasma ghép ndi dién dung (Kurihara, M et al., 2000).Trong bai bao nay, tinh
toan cac hé sb chuyén dong electron ctia hdn hop khi CF+—Kr chiing duoc tinh toan va phén tich
bang cach sir dung phuong trinh xap xi bac hai Boltzmann trong pham vi E/N thay d6i tir 10 dén
1000 Td (1 Td = 1017 V-cm?), trong d6 E la dién truong va N la s6 mat do hat.
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2. Co s& Iy thuyét
2.1. Cic hé sé chuyén dpng electron

Phan mém BOLSIG" do Hagelaar va Pitchford (2005) nghién ctru va duoc sir dung rong
réi trong vt Iy k§ thuat plasma dé tinh toan cac hé s chuyén dong electron trong khi nguyén
chat hodc hdn hop khi, nhur d6 linh d6ng, hé sd khuéch tan va nang luong trung binh. Co s clia
BOLSIG" 14 nghiém phuong trinh Boltzmann vé6i xap xi bac hai (two-term approximation).
Trong bai toan nay, ham phan bo ning lugng electron (EEDF) f(g) duogc xac dinh bang cach giai
phuong trinh Boltzmann (Hagelaar & Pitchford, 2005).

of

5+v.Vf—%E.VVf=C[f] (D

Trong d6 v 1a vecto van toc electron, E 14 dién trudng; C[f] biéu thi cac thay d6i do va cham
electron (Hagelaar & Pitchford, 2005) e la dién tich electron vam la khoi luong electron. Vi viéc
giai tryc tiép phuong trinh Boltzmann 14 phitc tap, cac nha khoa hoc da trién khai ham phan b
trong hé toa do cau va st dung xap xi bac hai cua phwong trinh Boltzmann dé don gian hoa bai
toan. Khi d6, ham phan bd f&42¢%Y ¢ thé dwoc mo rong nhu sau:

f,t,z,cos0) = f,(v,t,z)+ f,(v,t,z)cos O 2)

O day, 0 biéu thi goc giita vecto van toc electron va hudng cua dién truong; f0 va fl lan
luot 13 cac thanh phan dang huéng va di huéng ciia ham phan bo. Giai phuong trinh (2) cho
phép x4c dinh cac tham so van chuyén electron khac nhau (Hagelaar & Pitchford, 2005).

Nang luong trung binh (&) (eV):

<& >= I53/2ﬁ,dg 3)
0
D0 linh dong (m/V/s):
Te o
3,0 o¢

Hé s6 khuéch tan (1/m/s):

aka
Dy == | = fde )
0
O day, o 1a phan dang hudng ciia EEDF va dwoc chuan hoa boi:

[&'?Fode =1 )
0
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N 1a mét d¢ khi, Q 1a tiét dién truyén dong luong hidu dung ciia electron, y 1a mot hang so,
va g la nang luong cia electron tinh bang electron volt (eV).

2.2. Tiét dién va cham electron

BOLSIG" 1a mét cong cu phan mém mién phi (Hagelaar & Pitchford, 2005) duoc sir dung
dé tinh toan cac hé s chuyén dong electron, va di duoc ap dung cho nhiéu loai khi nguyén chat
va hon hop khi, ching han nhu CFs — SFs (Liu & Xiao, 2007), CFs-Ar (Tezcan, et al., 2013)
CF4-N; (Pham Xuan Hién, & D3 Anh Tuén, 2020). Do d6, mét budc quan trong trong viéc tinh
toan cac hé so chuyén dong electron la lwra chon bo tiét dién va cham electron dang tin cay cho
hén hop khi. Cac bo tiét dién cua nguyén tir Kr duoc ké thira tir bo dit lidu do Hayashi cong bo
(1982) thé hién 6 Hinh 1, bao gom: 1 tiét dién két hop (C1), cac tiét dién kich thich (C2-C6) va
tiét dién ion hoa (C7). Céc tiét dién ctia phan ttr CF4 dugc ké thira tir nghién ctru ciia Hayashi
va Nakamura (1998) & Hinh 2, gom: 1 tiét dién két hop (C1), tiét dién dan hoi (C2), céc tiét dién
kich thich (C3—C6) va tiét dién ion hoa (C7).

Hinh 1. Tiét dién va cham electron cua Kr
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Nguon: (Hayashi, 1982).
Hinh 2. Tiét dién va cham electron cua CF4
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Nguon: (Hayashi & Nakamura, 1998).
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Ham phan b ning luong electron (EEDF) va cac hé s6 chuyén dong electron ctia hon hop
khi CF4-Kr duoc tinh toan bang cach st dung phuong trinh xap xi bac hai Boltzmann dung
chwong trinh BOLSIG" dé tinh toan trong khoang 10—1000 Td, tai ap suat 1 Torr va nhiét d6 300K.

Hinh 3. Ning luong trung binh cia hon hop khi CF4-Kr
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Nguon: Ket qua nghién ctru ctia nhom tac gia.

Hinh 3 thé hién ning luong trung binh ctia hdn hop khi CF, -Kr theo ti 1é ciia E/N & cac
nong d6 khac nhau. Két qua cho thay sy bién thién ning lwong trung binh electron (&) (eV) theo
dién truong giam chuan hoa E/N (Td) cua khi CF4 nguyén chat va, khi Kr nguyén chat va cac
hdn hop CF4—Kr véi cac ty phan (10/90, 30/70, 50/50, 70/30, 90/10) trong dai £/N = 10:1000 Td.

Hinh 4. Hé s6 nang luong linh dong ciia hdn hop khi CF4-Kr
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Hinh 4 thé hién hé s6 nang lwong linh dong ctia hdn hop khi CF4-Kr két qua cho thay
nang luong linh dong giam 1o rét khi E/N ting trong ving 10 Td-100 Td. O E/N thap,
tang ty phan trim Kr lam ning luong linh dong dang ké cac duong cong dich xudng,
trong khi Kr nguyén chat gan nhu 6n dinh quanh ving 10Td. Khi E/N > 100 Td, cac
dudng cong hoi tu cho thdy dic tinh chuyén dong ning lrong cua electron chi yéu bi chi
phdi boi E/N & ving dién truong cao.
Hinh 5. Hé s6 linh dong cua hon hop khi CF4-Kr
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Nguon: Ket qua nghién ctru ctia nhom tac gia.

Db thi hinh 5 cho théy hé s6 linh dong electron cta trong hdn hop CF4+—Kr giam manh khi
E/N tang trong ving 10-100 Td, dic biét vi hdn hop khi ¢6 ti 1é CF4 cao. Khi Kr nguyén chat
thap va gan nhu it bién thién ¢ E/N thap.
Hinh 6. Hé s6 khuéch tan ciia hdn hop khi CF4-Kr
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Nguon: Ket qua nghién ctru cua nhom tac gia.

99



SO 3 (27) - 2026 PIEN - PIEN TU - TU PONG HOA

D6 thi cho thiy hé s6 khuéch tan electron trong hdn hop khi CFa—Kr phy thuéc manh
vao E/N ¢ ving thap (E/N=10-30 Td), trong d6 mot s6 thanh phan c6 ti 1& CFa xuét hién cuc
tiéu 13 rét trude khi ting 1én. Khi E/N ting dén khoang 50300 Td, cac duong cong tiém can
va tao vung gﬁn nhu bao hoa/gidm nhe, véi hé s6 khuéch tan cao hon ddi véi hdn hop khi
Kr nguyén chét c6 ti 1¢ cao hon.

4. Két luan

Trong nghién ctru nay, cac hé ) chuyén dong electron nhu do linh dong, hé s6 khuéch
tan va ning luong trung binh duoc tinh toan véi cac ty 1é tron khac nhau cta hon hop khi
CF4+Kr bang phan mém BOLSIG+. Khi tinh toan cac hé sé chuyén dong elctron sir dung
dit liéu cac bo tiét dién va cham electron CFs, Kr d3 dugc kiém chung trudce do. Do do, céac
dic tinh cua céac hé sb chuyén dong electron thu dugc cua hon hop CF4+-Kr dong vai tro 1a
dit liéu du vao co gia tri cho nhiéu Gmg dung, dic biét 1a dé mo phong cac qua trinh plasma
ghép ndi cam tng CFa-Kr duge st dung trong khéc silicon
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