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Abstract

Perfluorocompounds (PFC)), such as tetrafluoromethane (CF,) and hexafluoroethane (C,Fg), have been widely
used as plasma etching and chemical vapor deposition (CVD) gases for semiconductor manufacturing processes.
Since these PFC, are known to cause a greenhouse effect intensively, there has been a growing interest in reducing
PFC, emissions. Among various CF, decomposing techniques, a dielectric barrier discharge (DBD) is considered as
one of a promising candidate because it has been successfully used for generating ozone (O3) and decomposing
nitrogen oxide (NO).

Firstly, optimal concentration of oxygen for CF, decomposition was found to figure out how many primary and
secondary reactions are associated with DBD process. Secondary, to find effective discharge method for CF,
decomposition, a streamer and a glow mode in DBD are experimentally compared, which includes (i) coaxial—
cylinder DBD, (ii) DBD reactor packed with glass beads, and (iii) a glow mode operation with a helium gas. The
test results showed that optimal concentration of oxygen was ranged 500 ppm~ 1% for treating 500 ppm of CF,
and helium glow discharge was the most efficient one to decompose CF,.

Key words : PFCs (Perfluorocompounds), Tetrafluoromethane (CF,), DBD (Dielectric Barrier Discharge),
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Table 1. CF, decomposition mechanisms by DBD plas-
ma.

Primary reaction

e+CF,—>CFR+F (1) CF+0—COF,+F 31610 em’s™ (5)
e+CF,—CF+F (2) COF,4+0-C0,+F, 530x 10 em’s™ (6)

CF,+0—CFO+F 2.17x107 em’s™ (1)
CFO+0—CO,+F 49810 em’s™ (8)

Secondary reaction

e4+CF,— CR+F (3)

. CF+0—CO+F  124x107em's™ (9
CF,— CF+F+e (4
eHR=CFre @) 64 0- 00, 6.52% 10" em’s™ (10)
barrier A

(quartz tube)

w

water

&

electrode
(steel tube)

electrode v
(steel mesh)

Fig. 1. Schematic diagram of a coaxial-cylinder DBD reactor.
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Fig. 2. Comparison of CF, decomposition efficiencies in
N, and N,+0, background gases as a function of
input power.
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Fig. 3. Comparison of FTIR spectrums at 1.5 kW input
power in N, and N, + 0, background gases.

J. KOSAE Vol. 20. No. 5(2004)



628 Aol - Ags - AU - FFFE - AHE - FH
g o] 2y om CF4 whe-g 37l &4
T CF:E COFR2 AAI7): AES 3l7] d&o
o} (Reaction 5, & 1). &, O g}l 2|3t CF,¢) g
A3 CF9 Fol ANA3E WS, 243 CF, ¥
Hago 7lodsis oz BT =3 COR:
2 O =gz A43ql Apbseg ke
CO,=2 3= (Reaction 6, I 1), o]2]& A} 1
3 39] FTIR 28 e M = &ele] 7Pt
w2ty CF, ¥3lag& Zosslr] $s A9
0, 3= dfgt AH-E F3yPsigd o, 713 4a)ollA
= vig} zFe] 0, =7} 500ppmel] ©]S wW7iA|
CF,9 P& HA Zvlsle Aoz vl 4

Pin [kW]
——0.75
—o— 1.00
——1.25

—o— 1.50

Decomposition efficiency of CF,(%)

500 ppm

0 s L .
0.00 0.25 0.50 0.75 1.00
Percentage of O, added (%)

Fig. 4(a). Characteristics of decomposition efficiencies
for various input powers as a function of oxy-
gen concentration (0~ 1%).
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Fig. 4 (b). Characteristics of decomposition efficiencies
for various input powers as a function of oxy-
gen concentration(1 ~ 20%).
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(a) Packed bed discharge

(b) He glow discharge

Fig. 8. Comparison of discharge pattern between (a) Packed bed discharge and (b) He glow discharge.
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