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PFC-containing Waste Gas Treatment Methods and Evaluation on Abatement Efficiency

by Yoichi MORI, Takashi KYOTANI, & Yasuhiko SUZUKI

Characteristics of PFC-containing waste gas treatment systems and evaluation on abatement efficiency are discussed. The discussed
systems and evaluation methods are significantly contributing in reducting PFC gas emission, especially in the microchip manufactur-
ing industry. Such reduction is crucial in creating a hazardous-gas-free work environment and more important, in minimizing the glob-
al warming effect.

Keywords: Perfluoro Compounds, Fired thermal type, Electrical thermal type with catalyst, Chemical reaction type for PFCs, Fourier transform
infrared spectroscopy, Gas chromatography mass spectrometry, Quadrupole mass spectrometry, Abatement efficency, Waste gas

treatment system, Analysis method
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Table 1 GWP of major PFC gases

PFCs # A FRfif T ot 2 GWP* (100 -t
PFCgases Process using the gases Value for 100 years
CF, 6500
CHF; o 11700
CaFs J:IE‘{[cu}jl‘iriq7 8700
CH,F, 650
SFy 23900
C,Fe (LA R R 9200
CsFy CVD 7000

3% GWP (Global Warming Potential)
D CO, & FEHE & L 7= LR
(HARZ )V F a5 —RHaofl)
a CO, - based index for global warming effect
(Values by Japan Fluorocarbon Manufacturers Association)
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D1 REFEEE D PFCs 7 A (PFCs - Perfluoro Compounds)
A, ZEMEHEN TV D, HERERBEIL 7 212 L T,
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7 v RAEMMBANIEE LTS 5 ) 2 BREL,
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D720 DI AGHHAM % B - T & 72, AWTIE, %
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Fig. 1 Application of PFC-containing waste gas treatment systems to each process
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X, 7O RRED L) LIRE T A2 L, PFCs
HAZBALGET 2 HNTH Y, JRHPHZR 7 0t R
WIS RE T d o flllEsId, ST MBI XD
PFCs ¥ A& 533 5/ XNTH Y, MESLHMESAET
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3. PFCs i AD3FE

3-1 PRFTEDHE
PFCs # A &2 £ &3 A XA 522w Tid,

Equipment Environmental Characterization Guidelines
Rev3 GEfRA 7 7a ban) i2kone, 7—-) =
RV (FT-IR) R U E M E =0Tk (QMS)
EHOCBLFENER LTS, NSO NTEEZMET
572012, A#AZa~ 7T 7HRGHE (GCMS) ©
PERZSRD SN TWBE Y, Zh s 3HFOGH E% It
WL, R2IRT &AMHEICENENER - Fds
DY, HIHMREMHIIS T T, K#RFELRRT S
VDD % o
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Table 2 Comparison in gas analysis methods

A ¥
TR BE Wi — |
nalysis .
method Principle Feature Measurement chart
Rt
Advantages
N - EREICENR TN S
Provides excellent qualitative/quantitative analysis
- % B TR0 5 VT R
Allows simultaneous multicomponent measurement
BT AT ORI | 0 7 ppm A5 % LU E T O EEHEPH O I 5 1T HE
ANRZ M VEMBE L Supports a wide range of concentrations from sub-ppm to CF,
JE P percent levels
FTIR Measurement method | = Y 7V %F A A7 0 & ZAZALIZEHE N B A 3 el 7 v) HE CoFs
using component-spe- Allows real-time tracking of process changes and continu-
cific infrared absorp- ous measurement CHF;
tion spectra LSl
Disadvantages
C 2T T (Fay 0.%) Ol
Incapable of measuring diatomic molecules (F,, O,, etc.)
< ERG O T X SR 53 0 30 R i
Has difficulty in measuring minor components because of
major component interference
Rt
Advantages
BcET ALE—0 | - O TREOLRE)
BIHENBTDHE, Allows grasping molecular structures
;gﬁTﬁiy%gf bk - SERVECHER, % B R E T A
TSR ML F VRS Provides excellent qualitative/quantitative analysis and
BET LI LMD, = allows simultaneous multicomponent measurement CF CJF.
DA F U RERFA L7 | RHPHOREEME ] Rk ! e
WE B Supports a wide range of concentrations 11 L
QMS | Vleasurement method | WETEZEERL, )TV Y 4 A OWETHE
using fragment ions Offers good response, allowing real-time measurement CHF's
(including multiple sy |
molecular ions) gener- | Disadvantages .
ated by applying LIRS RTHEBOFENO 75 7 X v M T L, A
high-energy electron DR RSN 2 B
flow to components. Has difficulty in the quantitative analysis of individual
components when multiple similar fragment ions exist in a
multicomponent system
Rt
) _ | Advantages
SR T D TEMGY | g T oM RS R E O EECER TV S
’E%E‘LG}L ?\%f L, fﬁ Offers excellent quantitative isolation and qualitative
Higs & L"C ﬁ\gﬁﬂﬁ Al analysis of unknown substances in a multicomponent sys-
% F 2 e ik tem CF
Mgasurement method | . i i PR o) i i R 5 T !
GC-MS | USIg a mass spec- Supports a wide range of concentrations
trometer to detect e C2Fs
individual compo- Iiiz )Z dvantages
nents isolated from a I CHFs
multicomponent sys- V7 }1/57 14 V.CO)VH“E.#W%
tem in an isolation Has dlfﬁcglty in real-time measurement )
column s ISEDOENCES (HF, Fa, SiF,SE) g 23K i
: Has difficulty in measuring components with high reactivi-
ty (HF, F,, SiF,, etc.)

BRI Ny 72 ) (SRIRL 720 S oHr 2k 2 H
WG EEEE T A GUR & FIARIS, 30T K BT
OB EIT> 720 FRERSIIRT, Ty F v 7HH
ATIE, BRHEA AR E R, PFCs # ADMS T &1
BEEEDDH Y, 10 ppm A S 1000 ppm D E#iPH T E
EEITIVENRD 572, D720, FTIRX QMS T,

ppm F — ¥ DM S (FT-IR TR0 I ik &
DOEIR, QMS Tl & EE M 27 0 [ OB IE A A ik
FEXHEA 2B N A — IR 2 %Ed B LER
Holzo GCMSIZBWTD, HETAMBUI IR A
WX X ) TV —Ya VPR ETH 72, 29 LK
IEIZ & D) FTIR & GCMS D40l & < —FH L Twiz,
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Table 3 Samples of standard gas mixtures

g7 A
Ewibit Standard gases
Samples B W (%)
Component Concentration
SEL /SN
TZE{H: & A CF, 102
wo-component
. CoF 1.02
mixture gas
CF, 1.01
SAEIR A A A CHF; 1.01
Five-component C,Fq 1.00
mixture gas CsFy 1.02
C,Fy 1.00
F4  SHTEGE
Table 4 Analyzer
VA IWIRES S HTEEE
Analysis method Analyzer

Infinity 6000 (MATTSON #)
(MATTSON TECHNOLOGY)

FT-IR )b 0 10 em
Cell
QMS Questor GP (ABB EXTREL #)
(ABB EXTREL)
QP 5050A (=5t T )
GOMS (SHIMADZU CORPORATION)

717 A . CP-PoraBOND Q
Column

L2L, QMSTIZ, hi&kttz kb €212 »
b6, $FIZCF, & CF DHT AL 2 53 58512
RTE LS > Tz, QMSTIE, BEMICHET A2
HAET BT XTOPFECs H A % & 5 A Uil E i R
ELTESLTBIRVE, EREGMBLD RV, Z
ST, HHHMEDE L o 72 BERE LT, SHatgiczy
7214 (CF,, CHFs, C,Fs CsFs, CFs, C,F) LAto
PFCs DAFFEDHERE S N7z EBIZC, U EORS T 2D
TNFTA—RIPREINTVE I LD, GCMSIZL B
EVEHT TR S N7z B TROT VAT =KD
AF 277200, CERCEFDMER 7 I 7 A
I (CF, TlECFs ®m/e | B LBMDIL =69, C,F;
TICF, Om/e=11907 5 7 X ¥ b F ¥ % RN
WCINE SN2 L2k, SHESERL D E Lo
TWwWiztEzZ b5,

ZDEHIZ, FTIRXR GC-MS T, BisrI &5k
E'ETHFEDOD, WKGOTHE TS LA
TH 50, QMS TIERMWENSELET S L, ZhHil
TR T WL, EHER I S N Wil s
HDHIEDNGHo T

N N 0O GC-MS
A BT A ST &7
Two-component | 3 Five-component OFTIR
mixture gas : mixture gas O QMS
I T e I I )
g
NE
k=l
5
2 05
S
0 1
CFu4 CeFe CF4 CHF3 CaFe CsFs CiFs
PFCsH A
PFC gases

2 RAKERE T 2B O 5 HHil
Fig. 2 Comparison in analysis values for samples of standard
gas mixtures
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Fig. 3 Comparison in analysis values for samples of etching
waste gases
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PFCs HE 7 A UBLEE 1 O BRERY =1, HEH A L BE%E
\ZBAT 2 7 AT ARZEDOMOART XD E %
L7z PFCs ## A Dkt % X — A2, KDL HITK
WhHo HAGEEEREETIC, ADHRALHOFTAD

PFCs 72T OB TR 2 IR S v,

PFCs g =

(HEA A MUEREE & B TR A ) X (7 AN D PRCs i)
(B A B AT O A A G ) X (A4 AK O PFCs & E)
CHIZE D, BT AR PFCs i 2 IEMEICHEIE S
% 2 EDBRERNEEFMT S L TEETH L, EEOH
FBICBWTIE, F T4 ¥ THEF A % 58 18 AT
SHELPAT A WHEMNES (AT v L ARESE:, ¥R
BNy 75) THY T TR ED2LE BB D,
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WHETIE, 74— VEIZH T FY) 7=y bRohrs
& (FT-IR, QMS) #kiEL, HEMAZ2 Y 7V 5 4 A
=) Y TTAYAEIEMNT A, BB T, BELRK
GIRY TEEHG, PeF A 2 HEREHICRINT 5720,
YTV TTERLA VIR A I VT RALEISRINY
HWAEIAT ) o BHETIE, HIYRPES ZHK IS U Tl
HOKFETOWENWRETH ), ERENITOWTHAN
T 5,

4-2 BREMFIEROKRDH

* ¥ 74 Y TOFTIRBEAL L FEMERRIGED €
NZENIZOWT, BRENEORDF OB K417 T,

Y 2D} T 7
Waste gas sampling

(1) ¥ 94 ¥ TOFT-IREAE:

Rk L7880, BREMHRIIRA AR L PRCs i
AT 5720, Iho 2 EMHICIERL 20k
L7\, FA ATHDRD T, RO3IFEVD 5.

OFAT AFTERIPATHIVEL, ZhoiEomEM
29

@QFMOYE,
BT 5,

@M L —HH AR 22 L, #HAGEDOHIRA
W2 Bk, MBEROWMER O X 512, FAREEE
KL IEZEKBECRIWMEICL T, FRARBEICLDST

FMe—H AL, BT AfEREE

l

[

FY A TOFTIR HA
Online FT-IR analysis

l

TG A S PRI

Gas collection method

R AT B BES KA AL 52 BEsN
Total gas flow Known Total gas flow Known
e eS|
Unknown Unknown
FL—H7 24 —H7 A1
Tracer gas use AR LAEE Tracer gas use A
Impossible/ Not required
not required
oy o
Possible Possible
. Ny, ey s
N R o7 PFCsz{ ASED PFC;{;}?@@ L4 2 a7 PFCZ;J*?%@ PFCsi{ ASED
> yav - ATt
Pig;j; ;ngfol))?gﬁ Analysis of PFC Analysis of PFC Pigilf;si%ffa])’?cm Analysis of PFC Analysis of PFC
. ; gases gases . ; gases gases
gases, including gases, including
tracer gas tracer gas
I I
Ro—3 77 A g i KIRF LI K SHAA A Mo—H77 A1 Nojite N2t K AR
O A R TR AT EE mEiL< ORI A R DI AT OWEPE mEiL<
Ko, The [FLIZLT, A AT IEEL, ko, Zhé O A R A AT EEL,
PFCsiftFE 5 H AP LSS CHEPFCsiltE PECsiftEZ25 Ko, The CHEPFCsikEE
RSN PFCSHAMEEDND | | HHERERZF M Y E N PFCsit 225 HHERER) L
Obtain the total gas PRl Add the gas flow Obtain the total gas PR Add the gas flow

flow from the
tracer gas
concentration.
Use this value and
PFC concentration
to obtain abatement

Set the same total
gas flow for
combustion and
non-combustion.
Obtain abatement
efficiency from PFC

rate in the cell to
obtain the total gas
flow.
Use this value and
PFC concentration
to obtain abatement

flow from the
tracer gas
concentration.
Use this value and
PFC concentration
to obtain abatement

Obtain the total gas
flow from the
concentrations of Nz
and other gas
components.
Use this value and

rate in the cell to
obtain the total gas
flow.
Use this value and
PFC concentration
to obtain abatement

Catalyst type
(Combustion type)

Combustion type

Catalyst/chemical
reaction type

Catalyst type

Combustion type

X4

BrERhsR kD 0Bl

efficiency. concentration efficiency. efficiency. PFC concentration efficiency.
regardless of the to obtain abatement
gas flow. efficiency.
=X (RRER) PR fils, FRE e ittt PR fili X, FR e

Catalyst/chemical
reaction type

Fig. 4 Example of abatement efficiency calculation
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PFCsIRENHRD D Z WD %o

PFCs TADF » 74 Yl T, FTIRDFEHRTH Y,
F—=Z M OFE IR AXZ bvhbERLT %)
L LCPFCHEOMHMETTETHLZTY Y AV v R
BEHEIN TS,

(2) JliEHALRRINE

T IAVTOMEICL ST, YT R B HEMELRIC
I, ZOHBEHIIS U@ X D e %2179 .
CORPUF I L, IS T =y b4y
Mgl 2 5kt 35 & ) M S 257 AR W [ R >~
TEZXDY TV TPEBIATR Do HHTEREZ B
WICFEHAFFICT L0, SR MDPRL RS E,
GC-MS S5 O BIEL D 53 W 218 % v X IR 72 052 2571
REIC 72 B,
EBEOWEIIBNT, BAAREZ ML =T A%
MLTRDBEAI, PECs A A, TF L Sk
HARLAr e EOREET A SN L, D) b
HAREDWMED 2D L3R, PFCsH AR T F L ¥
SEOWIREAT A & KRB THEN T & W IEIC, MG
HATHDArEEN D, ArlZFT-IR TlRMlEAT T
HBHD, GCMSIZLZUEIIESTHY, BA AR
IR ORI DNE D55 o

4-3 EHHIOENY

PFCs 77" 2 @ BB = & D FE Ji ) % #4950

x5 FTIRGH A
Table 5 Conditions of FT-IR analysis

A= MIDAC %k
Manufacturer MIDAC CORPORATION
A5
Model IGA 2000
10 cm (FERHERE)
I (at non-combustion)
Cell length 4m (BRBERY)
(at combustion)
A vl 20 [l
Number of times .
. 20 times
of scanning
iy "
Resolution 2 om
rA v 1
Gain
YV A E AR
Gas flow in the cell 2s/m
Vi 8
Cell temperature 121¢C
B =R A R Y T

VAT
Method for introducing
gas into the cell

Evacuating the cell by a vacuum pump
< EIVATIT121 T2 722 KSR % sk

Heating the piping so that the cell inlet

temperature reaches 121 C.

(1) H5E x5

PGP, PRBEAHE A B E  (GDC250AP) &
L, ZHIZCF,, CHF3 SFg® 3%i%{D PFCs # A % [H]
RpIZE 7 A L7z

(2) SIHTEE

AT, 7 =) TEBORIEEREE (FT-IR) %2
W, TR RE IR T . TR e P AL E O I
(ZREIE L, FEIRBERE & IRBERF D IR 27 MV & JIE L 720

(3) BEMHRDRD IS

PFCs OBRERFRIZ, 4-1HEBKOKNIZ X 557, K61
Y & B IERRBERE & PRBER OHF A A LH R E 1T O
WA AMEDS, (ZIZFE L TH L 720PMREICE ST,
IRIEA D BRERIER 2 KD 720

PRBERE D H T PFCs 12
S 2 7 3 = _
P A = L = e o> L1 PFCs TR

(4) BRERER O ER R

IRBE P AL B2 1B DB E R R 2R TSR CFy,
CHF;, SFalZx LT3 RTI8 % UL EDm W BRERN R ThH-72,

BT, 29 LaoHrakish 2 SR L <, 5k
PG AR D OPEIT AW 2 FRG L T Do HEA 2 D

6 A Ajim
Table 6 Total gas flow

H A (slm)
Gas flow
IR BERE TR
Non-combustion Combustion
RV THRN,
Pump dilution N, %6 56
A
CsHg (AR 0 Flow in the "
CsH; (fuel) cell PR s
10 Discharge
AT flow
Flow in the 34
0, 0 (CO,30 + 0,4)
cell
54
CHg 74 v 3= 1 0
C;Hg line purge
0,74 ¥73=9 32 0
0, line purge
1R Air 58 58
Primary air
73— 7 Air 54 54
Purge air
PB/Y—7 Air
PB purge air 1 1
N—=F 8= Air 11 11
Burner purge air
it 233 224
Total

PEHERE 34 slm 1, CeHg 1BV TO,5ENVZHEL, CO,3ENLZ
BT 5 L& LTRDZ,

A discharge flow rate of 34 slm is calculated assuming that 1 mol of
C;Hg reacts with 5 mol of O, to prepare 3 mol of CO,.
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K7 BRERE
Table 7 Abatement efficiency

= (ppm) Rz gh
PFCs # & Concentration (%)
PFC gases IRk I TR Abatement
Non-combustion Combustion efficiency
CF, 190 0.29 99.8
CHF; 120 <12 >99.0
SFs 24 <048 >98.0

TRRAEIXS/N (Y7 F /74 X) =3¢ L TRD,
The lower limit is calculated assuming that the S/N (signal-to-noise)

ratio is 3.
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1-8, 2007.
iLfé&, Monitoring PFC Emission from an Etching tool using
PRk, session 26. 3. 3, 2000.
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