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Study on CO, Decomposition using Ar/CO, Inductively Coupled Plasma
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Abstract

2 AF Sepxels B85}0] AUCO, ERVFEAN ol MBI LS Ealshs Aol aUE Fepavis WA
A717) A5 Ar kg ke olakstea BEES 4] A8 oA dw AWML A T R 2
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TE YL BE SRVIE 42 He AAERS offste] Ealas SAHSRY 54" E2t=vt MRS H COo,
Fw A% Tehxele) 22 548 AP CO, B WAUFS Fdhze wpd AHHA JFE W) G
T ARAAE S s

Decomposition of carbon dioxide is studied using Ar/CO, mixture inductively coupled plasmas (ICP). Argon gas was added to
generate plasma which has high electron density. To measure decomposition rate of CO,, optical emission actinometry is used.
Changing input power, pressure and mixture ratio, the plasma parameters and the spectrum intensity were measured using single
Langmuir probe and spectroscope. The source characteristic of Carbon dioxide ICP observed from the obtained plasma parameters.
The decomposition rate is evolved depending on the reaction and discharge mode. This result is analyzed with both the measurement
of the plasma parameters and the dissociation mechanism of CO,
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Fig. 1. The schematic of ICP generation and diagnostic system
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Table 1. Therecipe of experiments

Rate of Rate of Ar| Pressure Rate of | RF Power
CO, [%] [mTor] flow Ranges
[%] [sccm] (W]
Casel| 100 0 5,50 32 30~300
Case2| 50 50 5,50 32 30~300
I, =K(A)n j Qo (99 (&)de o K()nQo, (4
Kye Z43vel s3d MgtE, ne 7144 o

A ] (Cross section), Q= o] 5|t}
RS e s IR s P B S R e o B Rl
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H| 24 7] A (Noble gas)<} 1 9] 7=
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Table 2. Summary of emission spectra observed in
CO, discharge within the wavelength of 200-900 nm [25]

Species A (nm)
0y" 289.2
333.2

O3 327.2
COy" 353.2
G 369.2
435.7

CO, 391.7
Cco* 577.7
0O, 628.2
CcO 674.7
O 844.4

5 mTorr, 150 W

——C0, 100%
CO, 50% Ar 50%

50 mTorr, 150 W

| [—co, 100%
€O, 50% Ar 50% |
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Fig. 2.  Comparison of spectrum intensity between CO, 100%
and CO; 50% + Ar 50%
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Fig. 3. Comparison of EEDF between CO; 100% and CO,
97% + Ar 3%
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(a) S mTorr (b) 50 mTorr
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Fig. 4. Comparison of plasma density with regard to incident
power between CO, 100% and CO> 50% + Ar 50%. (a) 5 mTorr

(b) 50 mTorr.
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Fig. 5. Comparison of electron temperature with regard to

incident power between CO, 100% and CO, 50%+Ar 50%. (a)
5 mTorr. (b) 50 mTorr.

slal(Fig. 4) =< fgelAe] dAx 2ery v oF
SN dA L5 A ZREA(Fig ) o= f7
HEo e Zelb=nl 039 2 (Plasma zero-dimensional
model)d]] F-3HE T} CO, 100%E.TF (CO, 50% + Ar 50%) H]
o] ¢ & WEE Zed ole COvt 54stE A4
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(Fig. 4) [14][18][20].
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=2} Zvl(Capacitive coupled plasma, CCP)ol| 4] 2] Z x|} 7}
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(E to H transition)o] 2} 3t} [26]. Fig. 62 ©]& #-23}7]
918} Fig 49 A% T8 sehs Aolch

Fig. 59} Fig. 6 B0 W7} 102 em® AEoA 10
em?3 AER Z71e o] Az &%) 7HAaEy] Al Fe =
gl 71 Abe] F-3bell A E-H o7} dojd 2oz 54
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= 2010”4 v - R o
a . 2 ( x
2 o] 7 g v
A~ N . ) [ o) =]
1 g 8 @ o e @ o
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Fig. 6. Comparison of plasma density with regard to incident

power between CO; 100% and CO; 50% + Ar 50%. (a) focused
on low plasma density at 5 mTorr. (b) focused on low plasma
density at 50 mTorr

(a) CO, 100% (b) CO, 50% Ar 50%
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Fig. 7. Comparison of n with regard to incident power between

CO; 100% and CO; 50% + Ar 50%. (a) at 5 mTorr. (b) at 50
mTorr

7} zFol 7} QLaL(Fig.7 (a)) CO2 50% + Ar 50%2] 75~ CO,
100%9} Wl gS of E 52 n gk 2t (Fig7 (b))
o= of=Zye] EFow g FIE B F ATk 5
mTorr®] 74-9- & Hl&ol wte} dA &= Apol7h zhar
Zofzn) W A7k Qb dEe) Zobgel W Zuba
t}.(Fig. 4, 5) 5SmTorre] 7 -9- 50 mTorrel] W& A=} %7}
=7 "o H& oyA e HAEE A HdApe] 74
Bl (Electronic excited state)S X+ 3l g]wk-go] X nj4 o
2 @AE 7] wfEo] 5 mTorrol| A €17} A& Z7o] upe}
=2 dUAE 7 AA HETE Adsste] gkl S
3t} 50 mTorre] A% Ax %7} HEH o7 2evold
A} &l 93k CO9l 5] 7] g E(Vibration excited
state) W39 T& SHAL A} 2% 1-2 eVollA FHU]
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CO, WE7F vt AAA7IFHEY sV 3 E 7
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7 oW 0 A7F Wol AAE Jol Aol Fot
Atk 0 YAe] H A A}H-2F A <=(Mean electron attachment
coefficient)™= 1 eV ©o]A¢] H=z}e] = mjg- =7)
i oll[27] COx9| X5 o7 A & 4¢SS =
A Fol OF Ardl o3t Egh=vl UE A
DA 713 gkl =S F2] ket o]2 <l
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2 ATE 2 23 kvl Aol COo, Eal
et Ay nEE FgEe TS 98 Ar VR E
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