FEL
fil

B2 F LR B RIS

New Plasma Treatment for Semiconductor Waste
PFC Gases

B ~ PR AR

Yung-Chih Chen, Shiaw-Huei Chen

200 542 A 16 B E X 4 20 WAk € E (Kyoto Protocol) £ % % #5488 % #,5% (CO,, CH,,
N,O, HFCs, PFCs, SF,) 893k » - I & #] & B2 2 544 (perfluorocompounds, PFCs) &
—Adke) ~ AR R EARO BB ERERN AN LY R e A E 24t
AP BAFERBRAMEBREE LT LRHY PFCs X XU RIAE » Bm—#HmA AZ
PFCs BRAKEMKE HFRXELTHAMY  BARR—KXBAHK - SHEXFEERAAATERE
éiz%ﬁ%ﬁ AT HF SR éﬁk%%ﬂ&ﬁ& LR BOE AR TR AR # CF, &
CF, ¥ % A2 At KRR aiEs 999% > &AM E %% CO, 2 HF - BATskie
RSB N R ﬂéﬁi%ﬁé\ﬁ?ﬂaﬁk*%%*%%&%%Eéﬁ%iﬁ%%@ » LW 8 TR BT R
FEIR % T SRR o

Kyoto Protocol, which regulates and limits mainly the emission of six kinds of greenhouse gases
(CO,, CH,, N,O, HFCs, PFCs, and SF;), came into effect on February 16, 2005 officially. Among
these regulated greenhouse gases perfluorocompounds (PFCs), which were used commonly in
aluminium and semiconductor manufacturing industries, are the artificial, most stable and effective
greenhouse gases and are difficult to remove. Traditional tail gas abatement equipments of PFCs
used by semiconductor factory were less effective, so a new and efficient removal equipment of
PFCs is very anticipated and holds a great business opportunity in the future. In this paper a thermal
plasma torch technique is introduced, high temperature plasma is generated and utilized to destruct
PFCs of semiconductor waste gas directly, and the efficiency of abatement can be up to 99.9% for
C,Fs and CF,, and the byproducts were mainly CO, and HF which can be easily handled. Currently
this technology had obtained patent and been transferred, a plasma local scrubber based on this had
been assembled and evaluated in various semiconductor plants. For quality assurance, this
equipment also had passed the test of PFC removal verification performed by the center of
environment and safety of ITRI.
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RN R KB 10 KW 2 CF, ERR - H
M# | BRI E CR, ZRIEVES 715
IR RS SRR A BHEE - (HFE K IETIRATIES.
CF, RIEVHNREIR TR - @ 5 B2 FTIR B0k
FRREUR Y CoF, e BRI FEEIEY) CF, Bl
CO, °

4 AR EN LB EE AR CF, 0
6 B AT ERIEE NEHE C,F, RFHYEFRRR
o (HILRFEALKETRAIE E By 10 kW o FAR -

C,Fgabatement at 10 kW torch power

100+
99+
98+
97+
96+

C»F6DRE (%)

95+
94

93+

92+

50L/min | 100L/min | 150 L/min | 200L/min
[l 5000 ppm 99.9 99.9 99.9 94.9
3110000 ppm 99.9 99.9 99.8
20000 ppm|  99.9 99.9 99.6

B6HAHZXEREREBEALTRAETRRE TIRE
C,F, Brey ki & o

RAIMEIRELSR 3 [AIFRRYEERZER (> 99.9%) @ {HTE 200
L/min /= in &k - BRI IR RERE -~ 220N 2
fHRCRE = - [B 7 R BIERE o1& T ATERIEE]
EY) CF, Y& - 7F 50 L/min (K7 &5 » 3% CF,
IRESEENZE CF, BIEYHA - HEEEHEE
Z¥800 > CF, BIEYIIREE C,F, RN - 5
e R R R AR Z BN 2 » IRAKIET IR E
12 kW » EHEAE CF, IRE R 10,000 ppm ~ JiE Ry
100 L/min & 150 L/min Ff.Z I > Frf& CF, EIZEY)
IRE IR L5505 71 ppm — 7.8 ppm > 99 ppm
—31.8 ppm ° BLAER LIRS 4y i 50 2 AR
C.F > 4 CF, G &4 B EE R -

2. CF, B EBRE

CF, & PFCs iR E L LEY) » TSR
ARENIE - REILABRNEZRERESFEAT
E -~ R WIS HEE BT - TR

i, IR | 20,000 ppm 10,000ppm 5,000 ppm 3.
;ﬁ T T T WEXBERRELTRAERRL
L/min 9% 9% 9% .
JE TR CF, ey Erhak % o
100 L/min 99.9%’ 99.9%" (99.9%") | 99.9% - 2o il
150 L/min 91.7%" (99.9%") | 99.5%" (99.9%") | 99.9%
200 L/min 76.9%" (999%") | 716.9%" (97.7%") | 76.1%"

* SR RIBE s KIEDIER Ty 10 kW IRFRTIS A RERICR
AR W BFRERIEY CF, F1E
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Byproduct CF, (ppm) generated at 10 kW torch
power during C,Fg removaltest

800-
600
400+
200+

0 ‘ >
50 | 100 | 150 | 200
L/mi | L/mi | L/mi | L/mi

m5000 ppm | N.D.|N.D.| 18 | 249

10000 ppm | N.D.| 71 99
20000 ppm | N.D.| 141 | 662

B 7. 48 6 FiRT &R 568 E4 CF, BE -

WS SR 20 2 DU BR i B 2 B A S i == Y BE ARV i
HEE o WEEEDE 50 L/imin & T ~ KRR
Ry 10 kW FF(ESAA CF, =& 5,000 ppm Hf » {526y
ERER > 99.9% » E5E CF, IREF 10,000 ppm
HIERRERER 73.6% - A—FARZAIREE K
RALHEIF » EBREMI R 76.5% - BARMBEETES
FERE RN E G - H¥ CF, FERSERINER
HHF K RAERERE - KRGOt - il 8 FER
HI=f% CF, By FTIR BIOLRE AT EHERSER - B
MR TEERIEY HRAE HF 8 Co, - A 2) 2
TEHERY > FRAFTHERN R R T (e B S =5 g
=2 AEREE 500—600 °C > A (2) KFE
5 /K Al LB (quench) ME 7K R 32 S A LER L -
{HEtfER RO B kS B LR e 1T - $13
B SRS S Y CF, ER - RILAERR B K BT R
A HEE BB ERRIE ™ -

3. WHRIRAERR

WHLE (SiH,) Fs—HARERRE - B A E e
2 EEEBEBEEART > Bimg ik a
IAARAY SiO, - fE-FERa MR & SiH, FERmR A
PIRIRENGIEFERY SiH, FIERRZCE > & SiH, £t
¥ Si0, % SiO, KrEERY LR - T SiO, KRR tES
ERENAEE R HZE R RS TR TR - #EE
R TEEREEAR L EE IR R 5 - 3
FRETE—REE - CEY R ERYCRELT -

6
CF, absorption spectrum
5
CF,
[2]
= reference
>
[0}
2
=]
2
2 2 foz 10,000 ppm
< I r—
1 HF
Hfj - i 5,000 ppm
0 . . . . . . .
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm™
8.CF, #J FTIR R LB T EERINAEME
HF # CO, -

SiH4 Absorption Spectrum

10

08

[}
2
D @]
@ o
2
@ .
g 10,000 ppm Silane 10,000 ppm Silane
2 < 150L/min 150L/min
< Torch OFF Torch : 10 kW

N

o

g,,uw&u(wj‘\ﬂm

3500 3000 2500 2000 1500 1000 500

Wavenumber cm '

9.5 Wl oy FTIR R 34 BB o

A3 99.9% * {HENZA (> 50 min) AR EERN
EISEIHZE T - Bt Rl e BRI E=
BAEMRE - i NER N EE RS B R E
BRECREIGEATE 99.9% DL L » EERcRimE - & 9
By W BEEERAY FTIR Ot sE iR E - By H
bese LR o B BRI EE KPR EE e B
Bt BEHUKIERY K EREL R PR R AR A — 2 BB
iR EE o

SHA L BT U A I FE = A LRk EE R G,
HERERC = EERE I 4 /NFRFiE Ry 150 L/min
KRRy 10,000 ppm HY SiH, > (FEAELE—AT
B ERE  BERRIFFERIEZBIENI L ERE
TEW - B 10 R IEANEER R EZER Sio,
BERR > (a) R BE BRI EEE EHERE
B (b) EoL NS N EEE E I ZE B -
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4. BIFNIERIPE 1SS & R &L

HRTE I ER K E R i B IR 2 A s B %
PEBSEAER KRB MR S ey - @ 2 eI [
PR - DLH TSR N MW SRS KET
5 BEHREERIN SR E R R KBS S
£ 100— 1000 /NEFZ [ - SEARFRE » /NI (10—
20 kW) BEHUKIEHEMCFIIERAE 400 —600 /NEE
oA o SRS 24 /NEREREY 25 i S5 E T
B (EHR IR S A S MR R — R -

FHIR BB K S BB S 25 an B (R 2 LB 5 H
TEIHEE R R (BB LARTIE R B
IESHEEEAE KB B MRS dr 1T BRI R BT
MRS o FUCEE RIS AR SR E R B b - HEAS
BEALKIER e /TS E M3 43 5 R 300/1000
IINEF > [ERRR Ry RS | BRI RYREES > SZapisd - (H
& 300 /NRFHSEI R ES fr A E A B 5E R
WNERF N KIESE AR > JREE R R
FEMEZE T > AR BB EE R H]
15 588 o PRIL (R D & B M s 1T K FE B R 5 e
HIERHE - 1R — EHEEEDR 2% -
11 BER KBS E R A > RS R
Hy iR G « B (a) Z EMERa A 215 /I
fF > TlE (b) e e HILE RS Al 7K TR o
KIERERRETISAIRER - BEIKHR 800 /NS ar - &
s R RSN E MR EES R R AR SRR
55540 - ARG INGT & ATEREL -

11 ALK IER e T i A s 5 [ 5IES
BRI S - LB PRC BRI vk i

10.

HB AR EERME T
X2 SiO, B EZBR 5 (a)
MEXATREREEF
o ()AL TR
£

%,.» o

i

56 RIS —+/\ 5% "1 95.10

B SEMI 5858 ke TR 7ebeiR 22 Lo s
PR o ERE P ERELE R T RIS - RS
TEM B KBS a e T BB B - KIETTAELE 10
kW B KEFd A 800 /NEF » (HE KIETIEE 7
kW FRFHIE A S dn n]5E 1,500 /NEF - H A B s &
TEBUCRA KB BN L INERS S SR AL
KIS - HEERE 1500—2000 /N o 4k 0 IR
PR TEREREKIE (20 kW) » DU A B S
TR ER R B CF, BESREES]

FHANAI G N A K M BB S ar A R 5%
R —EAFIRE - TR 10 SR A g N EE s |
RS Y e R B T3 A BRI e B R B A
MRHNEESS ~ $RESFIAIER - SeEhZ2E M
R R U E B BB » LURAI RSN 77
HORFS |9 et o B A S o TR E ISR
FeRHESD - KRB SCRT #E AR EE I iR e dh Bl B BB A
KIERRETINE - BB ITHERESE K ENEHIRIR
%~ BORSHES T o BRSES R T
TEIRIT® - BT EESE KRR T /8 > LIS S — &

Rt A E R ERAE TR - 1R AR -

ESN

HH8 PRC BERA B MR fir il ¥ PFCs H$2
Hfpt i > HEBRPCRAES] 99% DLE > AR
RS PRCs HEE - W BIEI NS R8GEE] 2010
£ PFCs JZEHIE - BIEY T E Ry CO, ¥ HF » H
th CF, Mgk EFAGEERK CF, BIEY > B1E




(@)

e KBTI % » AIKIEEA CF, BIEY) - E
ER R EERG R EFIHNERE PFC BR > HE
¥ CF, B ERRM IR - MBI AEREERS
HII AT AR FE C,F, K SiH, @ EEANH SiO, #yBEkE
FERTRE -

P kR EMmSG - BREEE TIEE 10 kW
R e REFa A 800 /NEF » (HEKIETAELE 7 kW
o Rl REEa AlsE 1,500 /NEF o BEE R K IEEd
RIS B E T - BRIEC S #ER
BIEH] - IR R & R 2E R — BB AR R R =D
RS - thiEE SEMI 3738 K T 23R oehess
LU ERERRERE - BLIEAE 2 R i B UE g E T
EHISHI -
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