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ARESHEA(CF )= WHEA] A3 7d ol o3} REg7] AlHelA ARgE ol 7h2eltt, CFe 292 A8
Tt th7] T AFAR] Ao Aldstel] dFE wIA7] wiel La8o] #art dasitt & Aels
gtznfe} JJE|ALS Agsle] YElAl Sufo|d ofa Eefzvt AlARLE JEstal, o] & o]88te] CF & 1adE
e Qe E WAYYS ST T OH gHelzks A < Sl H29] 24 2315 A4t &
A WERE 9 FY%, CF, 27 ¥k, AA 7k FYNUAZH(SEL : Specific energy inputyer 7d3I3iTt.
HEAES Fato] YEIAl T3] 25.5mL/min, CF, 7] 5% 2.2%, AAl 7}1~% 9.2 L/min, SEI 7.2 kJ/LY W]
CF, w382 21 97%714] =2silct.
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Abstract — Tetrafluoromethane(CF,) has been used as etching and chamber cleaning gases for semiconductor manu-
facturing processes. These gases need to be removed efficiently because of their strong absorption of infrared radiation
and long atmospheric lifetime which causes the global warming effect. We have developed a waterjet gliding arc plasma
system in which plasma is combined with waterjet and investigated optimum operating conditions for efficient CF,
destruction through enlarging discharge region and producing large amount of OH radicals. The operating conditions are
waterjet flow rate, initial CF, concentration, total gas flow rate, specific energy input. Through the parametric studies,
the highest CF, destruction of 97% was achieved at 2.2% CF,, 7.2 kJ/L SEI, 9 L/min total gas flow rate and 25.5 mL/
min waterjet flow rate.
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PFCs 7} WS Zol= Wi o 2= tiAl e o] /i, AXFE-

AA =A] Aol CF,, C,F,, CiF,, C,F,0, CHF;, SF,, NF, 53}
F2- PFCs(Perfluorocompounds) 7}~ HEEA AlZ237g 5 o3 &
H87] AlA WA sollx] L8kl ARE-E AL St} PFCse=
2o F ehaskal B gloLt, X|qdellA wEallElE Alzte]
,000~10,0001d g H2]7] wlof] X]gtol] FESH= AlZte] A
), T3 PFECs 7kae A AS sl 5ste] At
3}0] Fg Qglo] ¥= 7hAoln[1], PECst CO,, CH,, N,O
9} e A Freus) 7kArTh 7] F AFA7lifetime)o] AT
Table 1614 7429] Fiel wet 2|23} A¢5 vepd A
oJt}.
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E)ar el A 3744 ¥Ro] Slek. 1ef s A PRCsE 93]
tiAEE = Sl slskado] Gl AAo)7] wiel] WA Aol
AR PFCsE ARFE3AY #3715 7dshe Zlo] sttt
[2]. o121t o] Q13le] @A) PFCs w871 1 7P [3]0]
U torch9} 22 1% Zef=uH4,515 0] 83t 7|%0] APt an 9le.
w, DBD(Dielectric barrier discharge) 5] A& Z€}=rH6]=E o1&
stod 2] 7)ol thst A7t Eds] X3 Folt.
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Table 1. Global warming potentials(100 years horizon) and atmospheric
lifetime of some greenhouse gases

Greenhouse gases GWP4 Atmospheric lifetime (year)
CO, 1 5~200
CH, 23 12
N,O 296 120
CF, 5,700 50,000
C,F¢ 11,900 10,000

o, SRl Eellx] Wdo] #A4=o] st UV radiation, short-
wave? | HHAJEITHR]. BEst FRIE = Bg 57| = Ak 9] o
ol 7571 ARG 757 Bl Bl S5 A
Aep7] fleto] QF-EHE] g ARESHA] oY) witel] AREEE ol
Y| 2] o] A2 o] QlTh9).

CF,°] &8l ml7hE-2 Setz=mtolA A3 E 2zl o) a 214 &
gl ehelzt Wafioll ofgh = 71A] We] Qlvk A WAE xjele]
=0l 2J519] CF(CF;, CF,, CF)$} 22 Je| 2 wallEct. CFel &
< el W2 (1~6)7 o] Ml e)d TE3to] A/dHTt A3H
CF2] @Hl= OH gjt]Z+t REg-3te] (7~10)3% 3Ee] CO,, COF,, HF
9} Lo BA4S AT Table 2= JEIA Zep=m) A|AEIS] =9

wW7FES YER L Uk

Table 2. Importance of reaction steps in CF, decomposition system

Reaction mechanism Number
CF,+e > CF;+F+e 1)
CF,+e—>CF,+2F +¢ ?)
CF,+e—>CF+F+F,+e 3)
CF;+e—>CF,+F+e “)
CF;+e—>CF+2F+e 5)
CF,+e—>CF+F+e 6)
‘OH + CF; —» COF, + HF (@)
-OH + CF, — COF + HF ®)
‘OH + CF — CO + HF Q)
‘OH + COF — CO, + HF (10)

<Gas Feeding Line>

oJAE - At

uba] 2 Aol A FEfeld ofa Eefule} AEIAlS AfS
O za] Zepzmlellx] e Axke] vkt | Ale] SJste] A
+ tke] OH izl o5l LaE&2] CF, 28lE S8 YA
=efold ok Feknt AR5 AEsiGit. 2 g, SEA 4]
&, CF, 7] %5, AA 7125, TR wglel] w& Hd
AEE Fale] A< sshy BAF A7 A7) P &
A Z78 1B

2. AE

M3l &

Fig. 1:> 2 2ellA] ARg-st el Sefo|d of= Eef=nt 2]
& veRd 2o = EA Fefnk wke], Adasa A, 7k a5
2Rl 4] Ejel Z12]ar Alo] Wl BUER AlAaglo R HAIE|o] 9Tk,

JEIA Zek=n) wkg719) AAL- 12 Lo, Sekr) whehe}
T FEAS 27 9st 22 UrolA Stk o)A =F
(HANMI NOZZLE, XA-SR150, KoreayS AFE3lglon] Sefold
ol ZekAnl A=) AFE AHQIEIA AER ARSI A=
o] = 2 mm, A2 Zol= 120 mmE A|ZEIE 0, A=)
ZHEE 120°, =59 2] 7442 10 mmE RS0t vhs712]
T AR 9 R #EE QIS Aes AREsigien, A
9] 17 9 AAE flato] AEAl Zekzmt weT]] A= Al
2] (ALO;, 96 wi%ys AHESIITE. TEgt YEIALS T3] 3
SH3Z(HANIL, PH-80, Korea)S 2|19} 0, U =& S7rE
IS 19°2 A slo] A|E 2] 02 nAehA 51,

W Mrofr Qb

e
o > nfy

2274 (Unicorn Tech, UAP-15K 1A, Koreay= g%
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Fig. 1. Experimental apparatus.
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<Water jet Plasma>

<Control & Monitoring System>
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wtelsl] §l8) 1zt 577)(Tektronix, P6015, USA)E A 715 =
797 (Tektronix, A6303, USAYS A x]3lo] 7431t}

7k B RIS CF8) 37], sl dabstebis MR 35
ww, EFRANA Egslo] AEAl Skt whgTlel HAE

-

(Mass Flow Controller; Line Tech, M3030V, Korea)°l] 2]3l 5
A=) FFEH, 7= A A AARAE AN & 7
AAGAE T3] = B - AE ARS8t 3713 2338l

X AR)= 7 H 2rbE 73 3 (Varian, GC-4900, Netherlands) S
AHEEISl o, TEagEutE Xl AEV|E dAEEHET]
(Thermal conductivity detector)S AF2-5+51 0™, A7 PoraPLOT-
Q¢2} Molecular Sieve 5AS AR5}

Ao 9 FUET AJAELS [ abVIEW(National Instrument, LabVIEW
8.6, USA)E ©]§3}o] Ao Y Hb-g =5 vlelslr] flste] AAzE
o7 SHsIel

2-2. AE i
ATE AR, ti718kelld Rdsii o, 7 7] AdS 213818l
ok A A ARow OH ehelZ A 21e Tets] S8 da
o} kSR s SN £3 & wE® FYsialon, SERk=
H 72 KI/L(6.5 kV, 169 mA)E FA8HE= 2819l on], 29 5=
AEIALE 12~38 mL/min® 2 ZAsk] A3-S a3t

TR AP o CF2 AA BAE Tekab] fal 3718 7
ato] Zekxmbs WS § SER= 72 KL Zdseic). g1
FRJ== HEAO] 0 mL/min 204 BlE7RRS] R 113 °CR
Qg kel H AEIAlS 908t HkS7RAe] REE F7d31] 153 °C
EMYE AEE ERlg & Ade it 25 AEAl &
glo|g ofa Fef=nt gx|o] 7oA FA5I9lom, CFel AlA
EAS gletebr] flsto] Eetkmb wke7] ook whe7] el
A 7kE AR

ZinAEepE o] BALS 98k TiaAl g WARAE B
slo] S SFAIA AAS F AT 7EO R AT ReETD
TR ALHA 07 {QlEo] ®AIEISIT

A AELE CF, wall&oll F3e vA= AARZ 370,
eI 91, CF, 27] 5%, THNUAR, A4 7kwF sl
tjste] ZH2t e 2188l 0, Table 3& WIFH A3 208

ERJaz Qlek.

2

2-3. HOE] X2|
CF, -3}1&(n),: Destruction efficiency)[ 12} th2] 2] (1)< o1&
sto] Akt

_ [CF4]in_ [CF4]out

ne(%) = [CF.T x 100(%) M

714, [CF,],~=~ E2F=rF Hkg- A CF,8] F 55 YehH, [CF,],,2
Zek=rh ks & CF,9] 55 LER)
o[=] &&(n,: Energy efficiency)[13]> T2l & (2)5 o83}

Table 3. Experimental conditions for parametric screening studies

of ALt

[CF4]5rxQ.(g/h)

n.(g/kWh) = PW) 2

1714, [CF,]ps= CF, E-al&oH, Q (ghye SE1Al Zek2ule)
QlE= CF,2) 713 H, P(kW s Zel2nfe] S0l ee ekt
FIANAAZH 131 T2 4] (3)y olgslo] Altsisict.

P(kW)

SEI(kJ/L) = L)

3

oJ7]A], P(kWy= Zeknte] W deo|n, Q (Lisye YEIA =
Zolol] )5 WA 7hagS Rt

g
ool

3. 2939

3-1. OH ZiC|Z MM

CO At} RUE W2 OH 2lt)Ze] v 58 S5zt AR
=k H09h 87 713 (A Aol Zetzvlks A7, HAke)
of oJste] wkg-2] (14)9} 22 Eek=v} wkgel 2t -OH, H- 2
S g E14). QARsFeEAS H7IsHA HH vk (15)9) 2
& Hhgo] dojut OH efcize] Slste] Abslect. weba olitslet
27F A== oell 28k OH BHZe] s =8 98 5= AATH15].

HO+e—> OH+H +e (14)

CO + -OH — CO, + H- (15)

Fig. 2= AJE1A 90l wah QA== oikslelie] 55 v
ERdl Zlolt}, 49 YatsleaE= 242 9 Limin, 0.2 L/min® 2
A=, SER= 7.2 KI/L, B8R FY%E 12~38 mL/min® & 24
BTt YEIAl F29] F3Fo] 20.7 mL/min® o, o|AkElERA0] HE
= A 10,120 ppm =2 71 A el oM, o) 71 W& OH

12000

9000 [~

6000 -

CO, concentration (ppm)

3000 |~

o L l L I Il I L l L I Il
10 15 20 25 30 35 40
Waterjet flow rate (mL/min)

Fig. 2. Effect of waterjet flow rate on the CO, concentration.

Conditions Operating conditions

Water input flow rate
(mL/min)

Input concentration
of CF, (%)

Total gas flow rate  Specific energy input
(L/min) (kJ/L)

Variables range ~ Waterjet + Plasma, Plasma, Waterjet 0~32

1.1~54 43~13.8 41~11.3
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Fig. 3. Effect of waterjet plasma, plasma and waterjet on the CF,

destruction efficiency and energy efficiency.

gir)zke] o] dojuf= 2US &
28.5 mL/min ©]42] 7§, 0]A13}ek4 0] v} 7SIl on | o=
Ze=nl Mg o) FYEE YEAl
o] T7FFiA Eet=rt U] AlFAIRE AR

HAaE7] wtelvt.

OH erZ+e] 237do]

3-2. CF,HIAH A8 Zuf

3-2-1. %1% Wz}

Fig. 32 B + Zefz=n}, Eefznt, SJEAE 819 u) ZH2te]
Zgefel] gt CF, #all& oluA] &&S vepd Zojot. &71¢k
CF/= 242} 9 L/min, 0.2 L/min® 2 F3]3}53 0, -/ ejo] ujz}
A AL 25.5 mL/min, SER= 7.2 kI/LE 22 fA43159th YE1A
Tk 3ILS A CF, wall&2 oF 24%, oluA] a8 Eef=nte
7FsaHA] ¢k8k7] wiiell 0 gkWhelth. Eet=mRlslSlE W= CF,
e oF 88%, olUiA] &8 36 gkWhE YUERITE e Al
ZEf=rkE ol sI9lS ul CF, wall &2 <F 97%, oluA] 282 39
gkWh Uepgth Zekzmts 7hsst Aeels fEAle] +4
55 v w3els wl, CF, wall&2 oF 9% A= S7IsIsint. Zek=
"HE 7FEsISE Wl WhS-2l(1~6)2] WES-o] A, e AlS 524
o ZH OH #fjZo] AAd=]of ¥he-21(7~10)2] HkSo] F715}o]
Fallgo] S8t o213 Avte Ay ZekanlE 43619
< ] U8 AR gl 9573 AS ERlskit

3-2-2. Waterjet =% "3}

Fig. 4= 9JE1A 4% Wsle| W& CF, #all& oluA a8
LR Ziolct. 3719k CFi= 242} 9 Limin, 0.2 Limin® 2 913}
%o, SER= 7.2 kI/LZ 418151t} CF, #3832 A =%
< 25.5 mL/min® & T3S u] FHof oF 97%%E 7k oM,
°F 39 g/kWhE LERILE olu=] &89 34 2 (2)
CF,2] *55(2.2%)%} SEI(7.2 kI/Ly’} FQ37] w%-
Fol| vl k. el FYFo] FTVE ekt
offf=x]2] Ax}F Wert F7ksh, T2l OH ehvlzo] 473
1821 (1~10)°] w2} CF, Zailgo] T7ishe AvE et
BRI 28.5 mL/min ©dolME Zetzn) vk o] FEE £
E| A1) AF7} 718k A 7hAso] Frlsle] Sutznt u)e] HEgA]
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Z¥o] FobA wEgAJo] Zhaaqlek. Adsh eIl e Eek=
uke] A4 o] F7kel theke] OH ehejZe] A o= Q1sked BEg-do]
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3-2-3. CF, 7| 5% W3}

Fig. 5% CF, 271 &% Wglel] wh& CF, wal&3t oluiA] 885
LeRd Zlojth, AA)| 7kA#S 9.2 Limin® 2 FA|5haA FU%=
CF, 7] 55 11~54%% 717} Wstsioitt. JE Al FU=2
25.5 mL/min, SEI= 7.2 KJ/LE F4J313ith CF, 7] %7} 2.2%
7HA] S716kSE Wl CF, w38l &2 & 97%% LER oW, 5.4%7)
2] FA89E w) CF, EalE- 90%7H4] asisict. olviA] &8
& 557 SRR 18 gkWh(1.1%)014] 92 g/kWh(5.4%)7H4] 5
7FISAet. =] E= SEF Y78k 18171 el A==
Azfe] o2 A, s S7KS 3 CFe] Yol &
7FsP7] wiREell RS2 (1~6)°] F/do] FHaxsled CF, wall&ol 4
= 3Act. oA &80 7B CF, 7k 4% 557t 571l whet Al
A=E CF2] 4% S7kP] wite] ouA] a&& Al%ste] 7t
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WHE 95%(4.6 Limin)elA 97%(9.2 Limin)= S7FsISith. 9.2 L/
ming Z3Fslo] 7hARE FEelolE e 7}AiFJP S7kelol &
gkzul o] el AlsAlzte] gobA walhae A2siSivt o]
FAHE CF, 7] 552 22%2 FA181817] wjioll, 24| 7kAzko]
7H A e CF4 7R SRl anellEle el SRR <
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