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PERFLUOROCARBQON, AND AN APPARATUS THEREFOR 5 BAC

The present invention relates to a nmethod for pro

and an appar atust herefor,and particularly, a preferabﬂ@“ﬁbthod for applying
to process perfluorocarbon (hereinafter! called PFCD contained in 10 an
exhaust gas from a sem conduct or nanufacturlng p apparatus
therefor. In accordance with a sem conduct or mmm\mmﬂmm ocess PFC
gases, which are harm ess to human bei ng, non exp 0S| @w and easy f

handl i ng, such as CFQ and the 15 |i ke are used as an e Rant in a dry
etching pr and the |ike are used as a cl eaning gas
in -, Cgﬁgé?%gggs TE%se P éﬁéases are ionized by plasnma discharge of a
hi gh voltage QﬁtﬁﬁTﬂéﬁrﬁﬁh“@ﬁ@tﬂ@%PN@”PﬁﬁﬁﬂUBﬂoéﬁﬁﬁbﬁtUﬁNﬁrAﬁ CvD
apparatus, and performetching 20 or cleaning of waf efs in an active

radi cal stagppAknmggeTHEkbgognpunt of PFC gas actually consuned in the

etching or the cleaning is a several ~ to tens % by vol une. Rest of the PFC
gas are exhausted outside the system 25 in an unreacted state. 2 Table 1
5 10

5 BACKGROUND OF THE INVENTION
The present invention relates to a method for
processing perfluorocarbon and an apparatus therefor, and
i particularly, a preferable method for applying to process
perfluorocarbon (hereinafter, called PFC) contained in
10 an exhaust gas franla semiconductor manufacturing plant,
and an apparatus therefor.

In accordance with a semiconductor manufacturing
process, PFC gases, which are harmless to human being,
non explosive, and easy for handling, such as CF, and the

15 1like are used as an etchant in a dry etching process, and
such as C,F, and the like are used as a cleaning gas in
a CVD process. These PFC gases are ionized by plasma
discharge of a high voltage after introducing into an
etching apparatus or a CVD apparatus, and perform etching
20 or cleaning of wafers in an active radical state.

However, the amount of PFC gas actually consumed in
the etching or the cleaning is a several % to tens % by
volume.

Rest of the PFC gas are exhausted outside the system

25 in an unreacted state.



15 20 0 7 MAY 2002 NoPFC gasPropertles of asConsuneMi n

useWarm Life.z' Toxic.in Japancoeff |

earreact.

"'t/ earl1lCF4

07 MAY 2002

"' 6, 30050, 000! ow 300("' 94) Et chi ng gas: 75% oxi c. 394(' 95) CVD cl eani ngnon- gas:
25% 1 am 5' 2CF6 6' 12, 50010, 000l ow 4( ' 94) P- CVD

cl eani ngt oxi ¢, 200("' 95) gasnon-fl am s' 3NF,
cl eani ng39("' 95) gas:

''9,720179t oxi c25("' 94) CVvD
92% C- Et chi ng gas: 8%CHF e' 12, 100250-55 ' 94dr etchi n5C

F 9'8, 7003, 200- - et chi n6C, FB 10' 7, p002, 600--P-CVD cl eani ngas7SF6 11' 24,

9003, 200-26 (

Var m ng- up _co

fficien

94 )dry etching: 90%CVD cl eani ngas:
2) life tindapdeadmmsphere 3) T

10% Renar ks:
xicity and

25 1)

reactivity
Ni t rogen t
hexaf | uori
string bon
characteri
(hydrofl uo

4)
Ng |
e |
i Ng

0C43

5t ¢

Fl on 14
RESf i S

o~|vAY~~D~35) Non
3) Propersdes of gagn C 3

Because
y force,
s. PFC

14 hnn) .

2 fluori

yea
ncl ud

o <10

ne atqn1has a s

(Y824 ) nclrgas tenl

dorffoundTOKiQ-ug
flon such as EQ

d

- f | ammabl
EQHfQWeF
at om
#Pnga@@@wm
f| uoroc
/yearyn

a)

-

6& FIon 116 7)
on #&

gniwpesyl f

I~
-

has stabl e
ar bon) and HFC

i nprflnnridp

sucl
N

conpounds
(SF6). Mi
i ndi cat ed
because it
and its bo
as 50, 000
PFC has a

n
dog¢
hdi 1
yeaf
ar (

Trat

ge warm

h as Qit

S not ¢
ng force
s, C2F6

@nial s|o
Tabl e 1.

o%en tr

PFC eX|
bntain ¢
is stro
is 10,

1g-up co

SIS

5t S stabl% |n
hl ori ne,

D00 year]s,
eff|C|en

char &

csggﬂ

ng. 20 F%r |nstance
"and SF6 is 3,

Elﬁhpsconpar|son

ol _aonno

sul f

stfte

ol oG adr 022

a li

ur 15, hexafluon

Ir

radi us 10 andja

de

E%Cr’iﬂl%ugﬁsugé

f%ﬁgyears .

M t h CDZ CFQl

500 ti mes,
al t hough PFG

1T

to be decr ¢ase

 t
SUT §

antici pgge
count er mea

6—1s—9;
1 assm
ds a
b be cert
b agai nsi

L

LUU tn

cause of
ainly r
t he ex

Al 215 o2p| 110e

S; amdt
relRasi
war m ng
pstrict e
haust gal

-up the

S
non-

flam.>’

SFO1T5213; uuu 1

ngarmun

ﬁn
eart re
doxidlear 2bgiupe,

. IIICI CI Ul C,

% Wyf

ease of t
dds this case,

15

NF, 7’

9,720

179 |toxic

25 (

39

194)

195)

CVD cleaning
gas: 92%
IC-Etching gas:

8%

CHF,

12,100

250

55 (

194)

dry etching

C4FB >

8,700

3,200

etching

20

C,F, 'V

7,000

2,600

P-CVD cleaning

gas

SF, M

24,900

3,200

26 (

194)

dry etching:90%

CVD cleaning

gas: 10%

25

Remarks:

1)
2)
3)

4)

Flon 14

Warming-up coefficient
Life time in atmosphere

Toxicity and reactivity

re

t
i e mpact
f igaa IS as Iong

ver,
6,

ired

1S



0 7 MAY 2002 4 from sem conductor manufacturing plants, which occuniﬁawggu
majority of the PFC rel easing anmount, will becone inportant. For i gt "
in accordance with an etching step in 53the semi conductor manufacturing
plant, a PFC gas for etching is supplied into a chanber. A part of the PFC
gas is converted to highly corrosive fluorine atons by applying plasma. The
fluorine atons performan etching of silicone wafers. The exhaust gas from
the chanber is 10 punped out continuously by a vacuum punp. In order to
prevent corrosion by the acidic gas, purging of the exhaust gas with

ni trogen gas i 9 péidoriedmaiie exhaust gas contains nitrogen of 99% and
the PFC of residual 1% which has not been used for the etching. The
exhaust gas 15 ®urde duté by the vacuum punp is conducted to an acid
renovi ng apparatus_through the duct, for renoving the acidic gas, and

rel eased to atnospher@ s FskBwddf ai ning the PEC. In the sem conduct or
manuf act uri ng ant.s, reagent 20 nmet hod and a conbustion nethod have been
used practical&b g g@%onposition nmet hod of the PFC. The forner is a

met hod, wherein, fl uori 'f% chemcally fixed at approxinmately 400 - 900 C
by using a spe )al ‘Ebgg&{ In accordance with this nethod, an exhaust gas

processing 25 i\ e .ary, because any of acidic gas is not generated
by deconpositigﬁn %ﬁén}%ﬁﬁir is a nethod, wherein the PFC gas i s conducted

to a combustor,;@ndg eﬁ&rm%sﬁ&cktd}ﬁr- ly ina flane at least 1,000 C 0 7
1X

MAY 2002 5 gener?tedﬂby co usgionjb LPG and propane gas. |n accordance
with the above reagent nethod, the reagent reacted chemically with the PFC
can not be re-used, and the expensive reagent, which is consuned in the 5

reaction as a copedambleaariuiekeénei atoRguased $mab® steRic ecadigguent!y.
Therefore, the operation cost is 10 to 20 tinmes in conparison with the

conbustiton aréhadstFind hermdimey foecays®ran anoompoohdt b fhagehte equi val ent
to the anount of the PFC to be processed is necessary, 10 a practi cal

equi pnent fatomhe heagehabihet bbdraehariesiasl.arleCi ischhidiéngfhora such as
approximately 3 - 5 n2. In accordance with the above conbustion nethod, the

t hermal dec®wpbsasi bR (Elperooryeen htand HEh thirgertuprocarbon),

which do not include chlorine, and perfluoride compounds
such as nitrogen trifluoride (NF;), and sulfur

15 hexafluoride (SF4). Main materials of PFC, and their
characteristics and main use are indicated in Table 1.

PFC exists stably in atmosphere for a long time,
J because it does not contain chlorine, its molecular

structure is compact, and its bonding force is strong.

20 For instance, a life of CF, is as long as 50,000 years,
C,Fs is 10,000 years, and SF, is 3,200 years. However, PFC
has a large warming-up coefficient. In comparison with
co,, CF, is 6,500 times, C,F, is 9,200 times, and SF, is
23,900 times. Therefore, although PFC has a smaller

26 releasing amount than CO,which is required to be decreased
as a cause of warming-up the earth, release of the PFC
is anticipated to be certainly restricted in near future.

In this case, a countermeasure against the exhaust gas



such as at least 1, 000 C for C2F6 and at least 1, 100 C 15 for CFS{ gnfj ﬁ
| arge anmount of thermal energy is required. Furthernore, the conbu 2 AY 2002
nmet hod generates NOx and a | arge anmount of CO2 by combustion at a high
tenperature. Because the PFC is exhausted in a state diluted with inactive
N2 gas, a potential of mss-fire is high, and 20 a sufficient operation
control is required. An application of the conbustion nethod to the

sem conduct or manufacturing process has been studied. The PFC is exhausted
as a mxed gas diluted with N2 gas to be a concentration of a several %
Accor di ngl y,from 2=ndesbdsicitor nadnt fectuxédggekantas | angielhaweeapiels air for
conbustion is required in addition to a fuel gas. Consequently, because the
anmount of gas nagjdoeityr cxfestsesl BRC inecresasiony aiountof wihEl dppeome us i s

i ncreased, and the 0 ~gar ~~0z s installing area for the apparatus is
requi red to impaxtdrtrge as approximately 0.7 - 5 n2. For instance, when
C2F6 is contained by 1 %in an exhaust gas exhausted by 100 liter/mn. from
a sem conduct or FSrnaRSEABESr | By FFTVEEANCY Widde ST gt AHdhSteP LRG t o make
the therpal deconposition tenperature at, least 1,000 Cis 10 |liter/mn. and
a necessary B dEfnigonducter HAIEaTRIGRY RN 1 & /T . 98% tFP%n excessive

ratio of 1.5. The total amunt. of .the exhayst gas after the 10 _caonbustion
becomes apprihahdt%Iys %’(Prgiijteéjr /RGP 2 ﬁgﬁ‘g%eer'oxfi\g@ﬁrfcnoffhéhﬁ F¥Cs consuned

d CC2 | ated by 3 0 Liter/min Th | f .the exh
o' nor eased 90 s CANASHE 3 THEPTSHAE oAy SRS PEGI B

i conduct facturi ' fact uri
oiant has a HGR ICE AR on TG Shunt e S SRT A An RRENSRE' Ol L0
rooms. AcCOiH QghYycohl LSrdEET! Crild é;&a‘i&%ogta@ef%ﬁeéﬁér&ha%k?@r Ij gf OF

installing a new exhaust gas processing apparatus 1n a previously built

sem condyct QumPBEi AR Wdmd ity HYy @ Jdtdd iimdlandn areaiakytic
nmet hod, wherein the PFC is deconpdsed at approxinmately 400 C, is applied to

CFC ( chl or ofgdresrernardaamcanich HEC(Une raasid 1 afd1prmedd o) o £ Wheh have
simlar chem cal conpositions with the PFC and an ozone destruction effect.
Because t he e@FauwmtdghEGvith nitrogen gas is performed. The exhaust
gas contains nitrogen of 99%, and the PFC of residual 1%,
which has not been used for the etching. The exhaust gas
15 pumped out by the vacuum pump is conducted to an acid
removing apparatus through the duct for removing the
acidic gas, and released to atmosphere as a state
containing the PFC.
In the semiconductor manufacturing plants, a reagent
20 method and a combustion method have been used practically
as a decomposition method of the PFC. The former is a
method, wherein fluorine is chemically fixed at
approximately 400 ~ 900 °C by using a special reagent. 1In
accordance with this method, an exhaust gas processing
256 1is not necessary, because any of acidic gas is not
generated by decomposition. The latter is a method,
wherein the PFC gas is conducted to a combustor, and

decomposed thermally in a flame at least 1,000 °C



25 contain chlorine atons having a large atomc radius in their
conpositions, the nol ecular structures conposed by bondi ng f 1 uori ne Dz MAKG2002
and hydrogen atoms having a small atom ¢ radius are distorted. Therefore,
the CFC and HFC 0 7 MAY 2002 7 can be deconposed at a relatively | ow
tenperature. A nethod for deconposing CFC (or HFC) using a catal yst was
di sclosed in JP-A-9-880 (1997). In accordance with the above nethod, a
m xed gas of heated air, which is a 5 carrier gas, steam and CFCis
conducted to a catal yst layer. The tenperature of the catalyst |ayer is
appr oxi mat epgnégatel bgcaosbucEifohasfal.Péwatdcoppsinei gast-enperature. The
exhaust gas contai ni ng deconposed gases exhausted out fromthe catalyst
| ayer is cool edN@aHdANCamwiteddlie mPays ereagritagetk@d priehent i ng
generation of dioxine. SUMVARY.L OF THE | NVENTI ON The obj ect of the present
i nvention i5S28ePEFAAFE €4l ABeREEHbHY Wit bk kR BESiGRP Pethameoe8fBon using a
catal yst, which can inproye the deconposi,tion reaction, and an apparatus
therefor. TRRAfERBUFPEPBRSLYEsYeRAGRRYi BRIFE iR CRBSYMEFs dF EBfoving
silicon5co onegts from an exhaug gas, 20 containin%.a gerfl ori de conpound
and the°si | FEBR*LBRpBHeft SOPEHHE %ﬁeﬁFF§F1§ﬂpryFﬁ§ thE%tRadst gas
containing the perfluoride npoynd. _to which any of water or, steamis
added, "t o o UaphrEe; FPEpEEnERYEr Mherefolly hd R tiVE %ttt compose
the perf! uofhde, cAMRAHAd 26 drdhd N6 £3AY Fhe LOnBEEPEATEELHEAN the fiTst
o on t y soli

i nvention, osing pores tormed on the catalyst _ particles
generat ed by, frhERROFEN KEcddie S hR8ANE WP EEalBnt eqeiPRYSAt 0988 O 7

Y 2002 s wth the water or the steam added to thé exhaust gas can be

prevented, BECEHECahBENEI b CONe COMPOFEMHS proddes &xNpgisteddssa Py Pe suppl i ed
to the catalyst is renoved previously. Furthernore, in accordance with the

first 50 nvenptadt ichDkedifiprdret VIS they redgamnget hedcaeéghyses Hy the
solid particles can be prevented. Accordingly, since the surface of the
catal ysts charbhe ihstaikdnef&eeti seth, ashapgeoaipasieiiyod redct?on of the
perfluoride conpound can be inproved by the first 10 invention. The
deconposi tion &ftf iagiconsgnsfe whighpshel abpidecenhpsotihdn cagthbedi npreved by t he
first invention. The feature of second invention is in the step of renoving
aci di c gas FP8Fral RAVHPSHIRT 1§aBer FATASA R Gr HaAR SRR HR St ep, t he

2ol i 0 929 sanhaled: fehlE XU 937 Lor JeHPRREY AT hTIAY. e
15 for CF,, and a large amount of thermal energy is required.
Furthermore, the combustion method generates NOx and a
large amount of CO, by combustion at a high temperature.
) Because the PFC is exhausted in a state diluted with
inactive N, gas, a potential of miss-fire is high, and
20 a sufficient operation control is required.
An application of the combustion method to the
semiconductor manufacturing process has been studied.
The PFC is exhausted as a mixed gas diluted with N, gas
to be a concentration of a several %. Accordingly, in
25 combustion of the mixed gas, a large amount of air for
combustion is required in addition to a fuel gas.

Consequently, because the amount of gas to be processed

is increased, size of the apparatus is increased, and the



renoving the silicon conponents fromthe exhaust gas by a first sihigan
conponents renovi ng apparatus and a 20 second silicon conponents r ﬁgﬂ
apparatus. The exhaust gas flowed out fgomthe first silicon conmponents
removi ng apparatus is supplied to the second silicon conponents renpving
apparatus to nake the exhaust gas contact with water in the second silicon
conponents 25 renoving apparatus. In the first silicon conponents renoving
apparatus, the exhaust gas containing the silicon conponents are contacted
with waste water fromthe second silicon conponents renoving apparatus and
0 7 MAY ?00EnstaddinggangiefosobhactBEairtRSt he ¥R%AiEed gbe Ren?&ining a
deconposed gas. Because the waste water fromthe second silicon conponents
removi ng appaF9EugSaRBPESSLMAGeRYt &r conPafied 5 with the exhaust gas

ini h d ) d.with h i ni
[he. oi 11 con CorfstnaNEEaRRey MRS (ot 18 FPRBALEEREShbm £1 PETARAG Bppar al us.
t of th Ll tagined in th haust [ d
W ih a m xedSAaPEP 48P CEAoBRASY 15 CRE! BL0and Po SR ARG "MIELF: Ther ef or e
t . [ h i t
omoving aphaParaetLii b adfad B eERs Ay AaRRe Nt Jas SO 0 he

processed | sndeeheangs qBuHBSE (BIsn Snisrd e oidd a9 c0mERgNts cont ai ned

in 15 the exhaust gas are processe e renoved by the first and

second siliggnigoTpeRENHIn, AU RInBRRAEALYS ambEAREEY ¥§hY 15t he removing
efficiency of the silicon i conponents are”inproved. The feature of fourth

i nvention iap'ﬁaouihagemy abom Ngerfin i QW t1Rldl ¥RteBBivBergaial yst for
deconposi ng the perfluoride conpound. Because using the al um na group

catal yst, thesperfhectotiel canpontco£athdeexiesospoges effecttnel y and
conveniently at a reaction tenperature in the range of 25 650 - 750 C.

BRI EF DESCR-embaiit OBnThdc e/ \apEBokliBatélyss @0 flitwrgheeat ,de@amsahaust gas
control system 0 7 MAY 2002 10 for a dry etching apparatus in a

senm conduct @kygenuiacthe iaigr glsappnsamgdefinfa®le ienpedenatedobyth@ present
invention, i.e. a perfluoride processing apparatus, is applied thereto, 5
FIG 2 is alitgendine i Theste®al omowet caf | Hoe oxoap®lsi 929nisf a cl ean

r oo wherein the dry etching apparatus and the perfl uori de conmpound
pr O(r:nessi ng L1ncreasedyalmost Sg{:inpé)s o% the exhaust gas exhausted from

the semiconductor manufacturing process. The

15 semiconductor manufacturing plant has a large restriction
in space, because the plant must be clean rooms.
Accordingly, it is difficult to keep the necessary area

) for installing a new exhaust gas processing apparatus in

a previously built semiconductor manufacturing plant.

20 On the other hand, a catalytic method, wherein the PFC
is decomposed at approximately 400 °C, is applied to CFC
(chlorofluorocarbon) and HCFC (hydrochlorofluorocarbon),
which have similar chemical compositions with the PFC and
an ozone destruction effect. Because the CFC and HFC

25 contain chlorine atoms having a large atomic radius in
their compositions, the molecular structures composed by
bonding fluorine atoms and hydrogen atoms having a small

atomic radius are distorted. Therefore, the CFC and HFC



apparatus indicated in FIG 1 are arranged, FIG 3 is a flow sheetn7M
I ndi cating a conposition of the 10 perfluoride conpound processing AY 7002
apparatus indicated in FIG 1 and FIG 2, Fig. 4 is a schematic vertical
cross section of the silicon renover indicated in FIG 3, FIG 5 is a
detail ed vertical cross section of the PFC 15 deconposition processing unit
indicated in FIG 3, FIG 6 is a graph for explanation indicating
deconposition characteristics of various PFC by the al um na group catal yst,
FIG 7 is a schematic partial vertical cross section 20 for explanation
i ndi cati ng aanekehdagpmpospdr ati enreflazivedsdl yow temperagariendi cated in
FIG 5 FIG 8 is a flow sheet of another enbodi nent of the perfluoride
processi ng appdy BEtBOAnERE desempesing CHC (ordiFg)ius ing eedidlysterti cal
cross section of  another 25 enbodi nent of the PEC deconposition processing
unit, FIG Y8SaA38REpaedcl? 9B 12n8&h (3P %not héP 2FBBEIABAE Witkhe clean
room wherejn anot her enbodi nent, of the perfl uoride, conpound processing
apparapus_aﬁg?d? ove @ﬂ?%&ghi%dmﬁﬁﬁﬁﬁEthfa%§a§ﬁﬂaﬁdéd,WFF@P gi #s a flow
sheet lgdlcggkggeg 8QQPOSLEER? ggd CFC is conducted to a catalyst

layer. The temperature of the catalyst layer is

approximately 430 °C, because CFC has a low decomposition

temperature. The exhaust gas containing decomposed

gases exhausted out from the catalyst layer is cooled

10 rapidly with cooling water, because of preventing

generation of dioxine.

SUMMARY OF THE INVENTION
The object of the present invention is to provide a
15 method for processing perfluorocarbon using a catalyst,
which can improve the decomposition reaction, and an
apparatus therefor.
) The feature of first invention is in the steps of
removing silicon components from an exhaust gas
20 containing a perfluoride compound and the silicon
components, subsequently, supplying the exhaust gas
containing the perfluoride compound, to which any of water
or steam is added, to a catalyst layer which is filled
with a catalyst, to decompose the perfluoride compound
25 with the catalyst.
In accordance with the first invention, closing pores
formed on the catalyst by solid particles generated by

a reaction of the silicon components in the exhaust gas



the perfluoride conpound processing apparatus indicated in FIG 10’[?7ﬁhF5%2
12 is a schematic cross section in the vicinity of the baffle plate
indicated in FIG 11, FIG 13 is a schegatic vertical cross section of

anot her enbodi nent of the perfluoride conpound processing apparatus
indicated in FIG 1, and 10 FIG 14 is a flow sheet indicating a

conposi tion of another enbodi nent of the perfluoride conpound processing
apparatus indicated in FIG 1. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 15 A Berfluoride conmpound processigg}apparatus (PFC gas

processi ng ¥pdr kp@switerior £heyspepamerfdad dithddicrerhagstt BaSpFakent
I nvention aﬁplied t o an exhaust ga; control systemi of an etching
appar at us i R<a PLENCOGRGuc LEFANERUTAE rAGOR SRPOPENESH LR A& her ei naf t er
referring ta IG.s 1,aF|§. 0 2 aqq Elg. g TgetPEC 0es th O tain
chl ori ne, iF§ﬁ93I§C§I§r St PEcCUPE €9 SR I0E, A& 188 hditig *EBPYEY s st rong,
and its dec I te re_Ls | pr oxJ I .%8€ C
Therefore, % egégkgﬁ ficﬁﬁgfﬁ%§m§ﬁ%éc?§s£%8$ﬁg%%g€ﬁﬂ%§g?€%§ {l 7)) ,
whi ch copl d;BGaRRlned h8xki NG e At FHG Rl biloRgt tRE &pphipdiLo the PRC.
F
However, currently, the inventors of the present application have succeeded
in devel opmggt +@k 3B8134UPLAR 161EPCcEA! BLYBlel@XtBE. 2 Accordingly,
since the surface of the catalysts can be utilized
effectively, the decomposition reaction of the
perfluoride compound can be improved by the first
10 invention. The decomposition efficiency of the
perfluoride compound can be improved by the first
invention.
The feature of second invention is in the step of
removing acidic gas from a cooled exhaust gas. 1In
15 accordance with the step, the acidic gas contained in the
exhaust gas is decreased significantly.
The feature of third invention is in the steps of
) removing the silicon components from the exhaust gas by
a first silicon components removing apparatus and a
20 second silicon components removing apparatus. The
exhaust gas flowed out from the first silicon components
removing apparatus is supplied to the second silicon
components removing apparatus to make the exhaust gas
contact with water in the second silicon components
25 removing apparatus. In the first silicon components
removing apparatus, the exhaust gas containing the

silicon components are contacted with waste water from

the second silicon components removing apparatus and



0 7 MAY 2002 12 reaction tenperature at approximately 700 C appli caBI EleYg
t he deconposition of PFC. Regardi ng the above catal yst, patent appllga ﬂ@
are filed to the Japanese Patent O ficegas Japanese Patent Applications No.
Hei 9-4349 5 ( filed January 14, 1997 ) and No. Hei 9-163717 ( filed June
20, 1997). In accordance with the present enbodi ments, the above catal yst
are used for processing the exhaust gas. In accordance with the exhaust gas
control systemof 10 the dry etching apparatus, for instance, each of PFC
processing apparatus 1, 1A, 1B, is connected to each of tree dry etching
appar at us 492084ipadvebeeComtatied Wity dheopxhpasyr gast PR hylappar at us 42
conprises two etching regions 43A, 43B, partitioned in the apparatus. 15 In
each of theaegeﬁpﬂgog@6i8ﬁ§; an etching process is perforned for wafers by
supplying CF4, i.e. a PEC gas,, as an etchin as. The_ exhaust gas fromthe
etching i regi GIRCHSR W3 Wt IR ?%%?’F‘i?‘b‘?%%e%%fhﬁc’%ppar atus 1

t hrough piping. 44A. ,44B, 29, driving vacuum 20 punps 30 30B. The
exhaust gascggﬁPgFREséﬁ%FBQfﬁ%%@P?rikgg6¥K€?ﬂ$1ﬁﬂ?@ﬁﬂﬁisc%ﬁﬁa%%%% consuned
in the etchjng,.p e LE4 : at t i C . The
exhaust “gao T ebRSLERRatRE he 'SURPTIRLEH, He DECSROCLEA BASCTRE .

processi ng L Rr h ipi : aust ases from
ot her dry e?gﬁ?%gEggpﬁgggugﬂ%Zegggungg%%oﬁgggggglgg ?ﬁ% ﬁﬁéﬁgfg_ Each of
the eXhaUSthﬁﬁoh@nEBeiB'Eh@gfggs%ngiﬁﬁ%oﬁxgéﬁgbnﬁé%s'th@%ﬂ%dm ng 36 is
conducted to a gas chromat ography 0 7 MAY 2002 13 by sanmpling piping of
46A and 46Bappeshetbi V&lpartABfaghd febidon dmpbhdntspeeridedednihhe
sanpling piplng 46A. Concentrations of CF4 in the exhausted gases supplied
to and exhathteskHausn igae PEGgmoceb it apdareal watéras®e thedeietai ned by

t he chromat ography 40. The determ ned val ues on the concentration of CFQin
t he exhdustwdtgasesdatbei apofling wanmemi-t ofhegefippear adnsaddunthen t he
concentration of CF4 in the exhausted gas in the piping 36 is higher than a
first presefreshuwateretaohpt 6upPpdied éspéh&t§§c@9dg§dgﬂ§p@s an al arm sound
with flashing a warni ng device 51 of the correspondi ng PFC processing
appar at us fBSPMRAPRPHE §EREYAPPoAPBRXaRUELRBRNEE dBaFeasffenchfiean

trati f CF, i h haust in the pipi 29 is higher th
Cecond prestRoUr B! PRELSSVRBARL 6P\ NG AEPFACHS 36 JERaFACEan ol arm

apparatus 45 FoPeRRPReho ShRS, SE¥RIbPOaR sobofightEraRae el dp mure, the

moni L Orisn0. £RBAE A uze 4% ADSGspRoRALER L1k 100 TLRNEOHeRRL N, 10 (he

reactor 9, Ich w e ex l'ater, and a catalyst Change tim ng

from deteri s aktosn@fsddishFalialivn cbapeH AR sArdR6QTRYS b pOPatRL ] O obt ai ned
fromthe concentrations of CF4 at the eéntrance and thé outl et of the PFC

processing aéégéattﬂﬁely,25h_5|extemo&[in@pIéff(f&bli%he:]yabrfalt%%&ui@:font he above
exhaust gas control systemin the clean roons of the sem conductor

manuf act ur i agmpbarhtesaegplimpnedelder ei nafter referring to FIG 2. A
buil ding 59 of the sem conductor
The feature of fourth invention is in using an alumina
20 group catalyst as the catalyst for decomposing the
perfluoride compound.
Because using the alumina group catalyst, the
perfluoride compound can be decomposed effectively and

conveniently at a reaction temperature in the range of

25 650 ~ 750 °C.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow sheet of an exhaust gas control system



0 7 MAY 2002 14 manufacturing plant is conposed of clean roons 53, 574 Y":li
both an upper side and a | ower side of grating 52, respectively. Al MA 193
clean room54 is cleaned by filters 55A,,,55B, and conducted to the clean
room 53 5 through the piping 57A, 57B, by driving blowers 55A, 55H The air
is cleaned again by the filter 58. The cl ean room 53 has a hi gher
cleanliness than the clean room 54. The dry etching apparatus 42 is
installed in the clean room 53, i.e. a manufacturing apparatus area. The
PFC 10 processing apparatus 1, 1A and the like, and the vacuum punps 30A,
30B, are insteat ledin etwh auxidpmayatappaiatassembeeondudtber cl ean room 54.
The pi ping such as piping 44A, duct 45, and the |like are arranged at the

pi pi ng ar ea kIR nxiplanty, spprefesakieenbodimernt caf them 54. 15 A
conposi tion of the PFC processing apparatus is_explained hereinafter
referring tPTSENB, LNRN oS 1§ ors RAY f HOIEE p1e@ess hyd appar at us 1A,
I'B, are as sane as the conposition of the PFC processing apparatus 1. The

PFC pr ocessidRP3a udSc 6RpLiiess thedigticoon 20 renover 2, a heating
apparatus 3, a reactsr;,cont ai ing a caéﬁl yst layer /11, a cooling apparatus
22, an atidic gaiCrefovfng ﬁﬁgﬁF‘ tds edlugtppéln 38d1igakddGe nat er punp

60, and a tec eratq_ée con%roller 62. The exhaust gas exhausted fromthe
bl ower 30A iRV o 7 e Gt S 4 R Fr SR TS | F eI R Sover 2,

the heati t { ' 22, th i di

g3s removi ng tppas o b, " e oty S8R BRI TES atus 57 the

reactor 9, éfﬁt@oigi&%?%?rﬁf:%@? 1 O d 4\%’?‘8%‘; 15 are assenbled in
ed in Fl S

an integral dy as 1ndicat 5, and conpo of a PFC

deconposi tion preeessiidda UWidw sheef H6dAtdeLhEANLORPLE2R18H dhepndi | i con
remover 2 is 5 indicated in FIG 4. The silicon renbver 2 conprises a spray
26 and g0di fgessilaromiald icdpdbhrd IPretedsihPagpane tit ehiddlcatedsiige its
vessel . The exhaust gas containing CF4, SiF4, and the like as inpurities is
conducted i rmIGt He aesFEG.0f2 the silicon renover 2 via the piping 29. 10
The exhaust gas outlet of the piping 29 in the vessel is oriented
downwar ds. The Bipaustigas §dlhmmatuibmaretstignl lnerosss selct immd ofashes t hr ough
the diffusion portion 27 to diffuse and to flow in the vessel . Cooling

wat er suppl iSed ¥qmzenetes ndisatiety B JBI®8 3s sprayed through the spray
15 26. The diffusion portion 27 increases_a contacting ratio of the sprayed

water and the ekhSust 1§a3 dehid LV eTELCRARRATR) SSELAOMBRI G BFCt he

i iti | ained later. A, ti by the foll ow

canat i ot PP Rap R R e RS TS ot A et T4 he. axhaust
ith th d , t Si i 1,0 h t i

gfowth e Sorauedinler. ot e SLCh cogL 8 L Lbg et o |

generated Sifledbdd 19 AR A 5 S0 dd ;lyavﬁt sl dgom the

exhaust gas by the sprayed water concurrent Its gereration. HF has a
| arge alumina group catalyst,

FIG. 7 is a schematic partial vertical cross section
20 for explanation indicating an exchanging operation of a
catalyst cartridge indicated in FIG. 5,
FIG. 8 is a flow sheet of another embodiment of the
perfluoride processing apparatus indicated in FIG. 1,
FIG. 9 is a schematic vertical cross section of another
26 embodiment of the PFC decomposition processing unit,
FIG. 10 a schematic illustration of another embodiment
of the clean room, wherein another embodiment of the

perfluoride compound processing apparatus and dry



0 7 MAY Z002 16 solubility in water, and is renoved fromthe exhalstMtYaitiby
dissolution into water. The waste water containing SiQ2 and HF is conducted
to the bottom portion of the acid gas rgnoving apparatus 26 through the
piping 35. The 5 inpurities acconpanied with the exhaust gas can be
removed, not by spraying water, but by contacting wth water by a bubbling
nmet hod. Because the outlet of the exhaust gas piping 29 is oriented
downwar ds, sprayed water fromthe spray 26 is 10 prevented from spl ashi ng
and back flowing into the piping 26. The vessel of the silicon renover 2 is
made of vi ngECBhngr pEPArafliehare asradgeem resi stant against HF, in order
to protect the vessel fromthe corrosion by HF, which is generated by the
reaction expreds&t By tifea151leyuahprer inf1lCALBRA| achRBROSAFyen 9t s

provi ded at the exhaust, gas outlet portion of the silicon renover 2. The
bal | check FRGRSKE3PLIdeFPRRGRAD hRIREFF T HRI APRG FékdSetP ot edi on 28A
and the protrusiqgn i B. Therefore, the silicon 20 renover 2 nade of vinyl
chl ori de islﬁrg#§0t "fromreceiving a thermal damage by a back flow of a
hot gas fromit ownstre i.e.1ihe heati appar. at 3, . when_an

operati 05n of t@%Fg}pﬁgc%gs?%%ﬁ%%h%rcaﬁou% fr‘l"l%é: lstoﬁ%egﬁe'l%lec%&h%st gas

fl ow t t L ] 2.l dygted to the PFC
decomposi 11 Oh BRScBaSihe BAPeTRRraton tRaFERE 4351 "Dotail e

conposition of _ ROt 195 SRS i i s, nckcated in
FIG 5. The PFCF:tﬂageoa?CI\}{P%’\s(Céz)ooz 1"‘76l (rabcgynposmli;gc%#oéce%%%go%% 76

conprises agheehéhUemBBaimbHE 8f @hkeper?ludridedcampeanyng apparatus 22. A
casing 6 and an internal tube 7 is shared with the heating apparatus 3 and

the reactorpfocedstlhgmepparatushgntincatedl in rubke 1,i anameller at the upper
portion than the |Iower portion of the pipe 7. Alid 87 to be connected to

t he pipitng 31 IFKIGr dvi dedaofilblveshpper ipddcat ihbeacasmpgs btidnfdfinge 12 of
the internal pipe 7 is fixed to the flange 13 of the casing 6 by bolts .
The heat i nganpphenterdglimantiof the pertlwer dde conpompdstPees $ brgn an
integral body structure. The upper _end portion of the internal tube 7 is
restricted RRPABITAY iLRdACAbPAz&At BEGdi fection by a cylindrical portion 14
provided on the lid 87. Aring shaped plate 8 is provided on the internal
tube 7. 15 The heating apparatus 3 conprises a electric heater 4 and a

Fing shaped bt bea BRERARTIoR UFLKE, KEFRERED, ehboRTENIS STare |
sy angeg bet veshpianeaRLng Soldhidldiotanlo G L SBlclfal e, [0 e
el e el S s - T
8, and rel egpésent igveali AVASpUEE D §RSXMAUEL JARLoNRE0I. s¥stem
\ of an etching apparatus in a semiconductor manufacturing
plant, is explained hereinafter referring to FIG. 1, FIG.
20 2, and FIG. 3.
The PFC does not contain chlorine, its molecular
structure is compact, its bonding force is strong, and
its decomposition temperature is as high as approximately
700 °C. Therefore, the catalytic method (disclosed in
26 JP-A-9-880 (1997)), which could be applied to the CFC and
HFC, could not be applied to the PFC. However, currently,

the inventors of the present application have succeeded

in development of an alumina group catalyst having a



25 heat loss of the exhaust gas can be educed. The structure of the)PHgY 2007
processi ng apparatus 1 can be sinplified by form ng an integral body
structure with the heating apparatus 3 d the reactor 9. 0 7 MAY 2D02 18
The reactor 9 is arranged at a position 1ower than the ring shaped plate 8.
The reactor 9 conprises a catalyst cartridge 10 containing a catalyst |ayer
11 fornmed by filling an alum na group catalyst on a netallic mesh 16. 5 The
al um na group catalyst is a catal yst contai ning A1203 of 80 % and NN Q2 of
20 % The catalyst cartridge 10 is inserted into the internal tube 7. A

cyl i nder 17riesctilradteBperatiisi ay apyox bhatehy tHO fCanppligabieh t he
flange 13 . The flange 63 of the catalyst cartridge 10 is conbined 10 and
hel d by thetpPldigydecomprratiea@oPFO. chgFasdngitheahaveg eatiéeping t he
reactor at a tenperature g,not shown in the figure) arranged between the
casing 6 anBatReti APPLASRtigRE Preafdded dondihfeTaprnesialifiafeihaffle 20 is

fixed to the cylinder 17. The cooling _apparatus 22 15 is arranged at
beneat h t heCb&ffEe 2RodBRANSEE BRd ety PP Cartd B A KRide- 22 sprays 25

Mater, o1 slERTEIcURRITEN IronPPRs RE8 S sHRMSTHY b Pl iaredfurg o O
suppl i ed from the,ar SUPRIYIdG 20, PLRS 1A 6-0LXRd WiBaihe,pxhaust gas
in the pipifng’31: e vt &9 supplie | nPS PRESERRat gas, betause the

chemi cal T eRfkl QBoPKPLEEIEYsRY 2l BCuEANALbENDLodel s7HB! BhECExhELEE TS 2
hydrol ysi s reaction. e suppl yi ng anount of water, Or Steam IS
approxinate53825 times per one nole 25 of CFa The exhaust gas containing

water, air, "and CFQis heated indirectly by the electric heater 4 during

flowi ng throught@ geidvdendevwiik® BRat éxla@PPagad WontrollBgBLteherwater is
converted to steam The exhaust gas is heated 0 ~ MaY zo002 19 by the

el ectri 0 hegher d4¢yt etapphaxiappaclayuéQ0 for iindstahdeseaicl wie Hemt t he
deconposition of CF4 is preferably proceeded in the catal yst |ayer. The

t enper at ur eproresslingpppparasu80l cohdy dl B, tite counmresrited towenght bE el ectric
5 heater 4 so that the tenperature Te of the exhaust gas determ ned by the
t her nonet er tBregt dryeetahéngpapprproates 42 aBeindacpbedoibeldfesla preset

tenperature. This tenperature control is used in the follow ng respective
of enbodi meBash Phe thenpevat BFeRsRIt ABPRERRNGsE2| S9PBPLriges1tWan be

PGl SRERE R Ve SRR TR
o or® i [ RO PR i TR 1 150,
wi th H20 angeg?ggﬁgﬁs?grt%a@%r@n%y supplying CF,, i.e. a PFC gas,
as an etching gas. The exhaust gas from the etching
} regions 43A, 43B, is conducted to a PFC processing
apparatus 1 through piping 44A, 44B, 29, by driving vacuum
20 pumps 30A, 30B. The exhaust gas contains approximately
1 % of CF,, which has not been consumed in the etching
process, and SiF, generated by the etching process. The
exhaust gas is exhausted to the duct 45 after processed
in the PFC processing apparatus 1 through the piping 36.
25 The exhausted gases from other dry etching apparatus 42
are also conducted to the duct 45.

Each of the exhaust gas in the piping 29 and the exhaust

gas in the piping 36 is conducted to a gas chromatography



Q02 by the effect of the alumina group catalyst in the catalyst |af@MAYD)RARS
expressed by the follow ng equation (2): 20 CFQ + 2H20 ~ C02 + 4HF . . . (
2 ) In a case when C2F6, one of the PFGg is contained in the exhaust gas ,
C2F6 25 is deconposed to CO2 and HF by the reaction expressed by the

foll owi ng equation (3): C2F6 + 2H20 ~ 2C02 + 6HF . . . ( 3) 0 7 MaY 200z
20 FIG 6 is a graph indicating deconposition characteristics of the PFC by
the al um na group catal yst, and the abscissa indicates deconposition
tenperature and 5 the ordinate indicates deconposition rate. The alum na
group cat al bytsameting nipd ngeas dtdnentd heRl, tres pesvhiosilyi.onAexat &d ned
previously. Tested gases were four kinds of PFC, such as CHF3, CFQ C2F6,
and CQFB. Agashéiiseri Ad aenBrevaéded fRetbsnsamplanboRipingeddetive PFC
was 0. 5 % 10 and SV was 1000/ h, The reaction water was added

appr oxi mat eF9neBNErAEIOBE %fﬁﬁ%o¥%f9ﬁ§ﬂeﬁﬂﬁﬂﬁﬂ? AssepFuBPtGeats, all the
four PFC |nd| at ed theﬁa % nR tion rate near 100 ~ at a reaction
tenperatureaB S5pREREREL F9 7608 PFFhBrAEESRPIBYi APBATALLE &f 3Ra and CHF3

g;cé§p35|[?§ﬁgg%$gx885g§ %ng gg%% §99éBg§ogpnaﬁg?gq%gﬁegﬁggéggual to or
more than S?ﬁerEWOH%f cBRSeﬂQ?X? ﬁﬁ“%é%ﬁtzy%%% C%kﬁghsggﬁégﬂ%%it'on of

the PFC in € range o approxinate econe po 20 The

high tenperapuren ﬁﬁﬁaﬂétagﬁé § BE%hganPB?gtﬂECQ@posﬁﬂe%aéﬁé such as Q02

and HF exhauste romthe cata yst I'S conducted fo the cooling

region 23 ipohheneeakting QEQ@FaEHSt%% EQBQUQQeBhGaQaEB|€h80b1 cool i ng
wat er suppl i ed throughout he water 25 supplying piping 39, and 40 are

sprayed conggnigugsliyheRd tRahhg £0Pst NGIréS8t OPa Lde Py hdendpi@ysirgd and 25.
The exhaust gas at a high tenperature is cooled to 100 C or | ower by the

spr ayedionat appafapast 40f dénésatesmedaldanm sobnd wMOh 200xsRindg he exhaust
gas by dissolving into the cooling water. The cooling of the exhaust gas at
a high tenpeazhing dewmibe &thpévelenobrivgsppndyinggPBlt popclesilinigng t he gas
into a water tank. The sprayed water is conducted to a |ower
apparatus for warning generation of an abnormal state.
When the concentration of CF, in the exhausted gas in the
piping 29 is higher than a second preset value, the
15 monitoring apparatus 49 denerates an alarm sound with
flashing a warning device 50 of the corresponding dry
etching apparatus 42 for warning generation of an abnormal
) state. Furthermore, the monitoring apparatus 49 checks
a normality of the catalytic reaction in the reactor 9,
200 which will be explained later, and a catalyst change
timing from deterioration of the catalyst, based on a
decomposition ratio obtained from the concentrations of
CF, at the entrance and the outlet of the PFC processing
apparatus 1.
25 Next, an approximate arrangement of the above exhaust
gas control system in the clean rooms of the semiconductor

manufacturing plant is explained hereinafter referring

to FIG. 2. A building 59 of the semiconductor



5 portion of the acidic gas renoving apparatus 98 through the pipi rhgz IgﬁY @@d
35. In accordance with the provided baffle 20, the path for conducti’'ng t
exhaust gas fromthe baffle holder 21 tg the cooling apparatus 22 becones
zigzag, and a back flow of the splashed cooling water 10 sprayed fromthe
sprays 24 and 25 into the catal yst layer 11 can be prevented. Therefore, a
tenperature drop of the catalyst layer 11 by the splashed water can be
prevented, and rel ease of undeconposed PHC can be avoi ded. The exhaust gas
containing the deconposed gases (C2 15 and HF) at a | ow tenperature
exhaust ed fhanufactvsongnglappaiat aemposed ednaledredrooms he3 ack4li c gas
renovi ng apparatus 98 through the piping 33. The acidic gas renoving
appar at us 98tcbApRi 38suURPEAcRadel apdr agBower| §49R Of H§§8HP§ Pngs nmade of
pl astics and a spray 27 inside 20 for renoving HF contained in the
deconposed §8EPBFtAVRILYh cdhEeht rBlf Rl R hTASMaphr 6%i FhE@P§d 4P¥s by vol une.

The spray 27.1s arranged_at above th acked | ayer 95. The coqling water
suppl i ed th%&hﬁﬁr?hég%at énguf)‘BFiych‘EPEﬁe 0tPs t86r §4&87t APBBgR 3t he spray

;ZhaIQEfﬁi?kb£ge§ﬁ€§£%§§&§§¥%%2¥§ﬂ¥ﬂ§”€w% £?ﬁ89%3§$wﬁﬁﬁiégéia¥iﬁtﬁi'El?ﬁed
L Y ka | QU

i Seol vet | e e e Yl o e e e e nawst

5

gas can be gempyed; $igHdy %ﬁ'&%}n&[iﬁ)és%?ﬁréégi W& fash ] SURW B9, appRs at us 98

from4 ~ by volume to a several ppm xhaust gas, of which acidic gas

content is gryeet8RERY ASPERFLERS Va2 1iS GHRAUANRY tQ the Sushn4Bodhrough the
pi,pi ng 36 by Operating a blower 59, and rel eased outside the system Inside

the coolingsapparatus RAdnafidctieiagi dbpagtasukcareang apparetus 98 are kept
at a negative pressure by the operation of the blower 59. Leaking the 10
hazar doits Hproosebaiingdappatfieuexhausl, gad tive dulks dandhehsysd@mman be
prevented. The bubbling nmethod al so can be applied to the acidic gas

renovi ng appumpsu30®3.3 Howevrer inshabtedridande abkhlibheysqppamaguset hod, a
pressure loss is smaller than the bubbling nethod, and 15 the capacity of

t he bl ower 8De@adn f&engleanffldn S¥he TR PaPidCerugh s aipdndt44de silicon
renovi ng apparatus 2, the cooling apparatus 22, and the acidic gas renoving
appar at us 98USFdyafRErie Laketats a5RaBISH af FHRPLIRNT PERAAPIVR aci di c

[ 98. 20_Th te wat t ai [ iti h
S 02, 1P, ahBCoRRBRSIaFHe 2RERFE AL BF SFs “BorlifcEatfo 8Redbral i zer (not

shown ifS t he dravgcgshg}eocﬁfﬁoijoqu (;[Petcfpé péﬂ.’g 3%0%)%%&%%2%#1%5%% vvagte wat er

punp 60, and proce N accordance W Sdilr’nsnt, t he

solid 25 pa&&ki%?ﬁgé“ﬁ@r@inﬁk@%xaﬁ:gf@%iﬁgo‘dgh%xbﬂt q.thgygatalyst |ayer 11

in the reacto ecause the silicon conponents contained in the exhaust

gas are preybpgskytiBABVEE the bPe sibéE8BiNE rac@$ 12,02, ldrd he silicon
renover 07 Y 2002 23 2 is not arranged; Si02is generated by the

reacti on expsesgedabytidieonguatit@bn(ofltheWwrd pirbecwatiay sppptaeds from t he
wat er supplying piping 32 at a portion in a downstreamfromthe joining

poi nt of the.piThadBl procédeingt@ppdrstppl gompr psesng S21idken the Si i s
flowed into the
20 remover 2, a heating apparatus 3, a reactor containing
a catalyst layer 11, a cooling apparatus 22, an acidic
gas removing apparatus 98, a blower 59, a waste watexr pump
60, and a temperature controller 62. The exhaust gas
exhausted from the blower 30A is conducted to the duct
256 45 through the silicon remover 2, the heating apparatus
3, the reactor, the cooling apparatus 22, the acidic gas

removing apparatus 98, and the blower 59. The heating

apparatus 3, the reactor 9, and the cooling apparatus 22



catal yst layer 11, the following problens ( 1) and ( 2 ) are causefi7 MAY 200
Pores forned on the catal ysts are closed by the SiOz . (2) Intervals forned
anong the catal ysts are choked. 10 On account of the above problens ( 1)
and ( 2 ) , the surface of the catalystmis decreased, and the deconposition
reaction of the PFC is decreased. Furthernore, because of the above probl em
(2), the flow of the exhaust gas anong the catal yst is decreased, 15 and
the contact of the catalyst with the exhaust gas is hindered. This causes

al so the decrease of the deconposition reaction of the PFC. In accordance

W th the prgseniseehndedent, aS (FtSgPAEVHOUS| ¥s I ER@VES éd ofn tes exhaust  gas
by generating the reaction expressed by 20 the equation ( 1 ) at the

silicon renpyesnd, composcdos i APBC ddromghny et P5mbbeoEess Endiain pener at ed
and deconposition efficiency on the PFC can be inproved. In accordance with
t he present7enbodi nent, the deconposition processing of the PFC can be
achieved with 25 a high efficiency by using the catalyst, and the rel ease
of the PFC, whixchidétsaidresl afonpues igaises afausieng Makrecomgeemowdr theigarth, into
t he at nosphere can be avoided. Furthernore, unreacted CO generated by the
- deconposi ti bhdicatgd My P2 £4 The silicon remover 2 comprises a
spray 26 and a diffusion portion 27 filled with packing
materials inside its vessel. The exhaust gas containing
CF,, SiF,, and the like as impurities is conducted into
the vessel of the silicon remover 2 via the piping 29.
10 The exhaust gas outlet of the piping 29 in the vessel is
oriented downwards. The exhaust gas flows upwards in the
vessel, and passes through the diffusion portion 27 to
diffuse and to flow in the vessel. Coolingwater supplied
from a water supplying pipe 38 is sprayed through the spray
15 26. Thediffusionportion 27 increases a contactingratio
of the sprayed water and the exhaust gas, and improves
removing performance for the impurities as explained
! later.
A reaction expressed by the following equation (1) is
20 generated by contacting SiF, contained in the exhaust gas

with the sprayed water, and the SiF, contained in the

exhaust gas is decomposed to SiO, and HF.

SiF, + 2H,0 = SiO, + 4HF e (1)
25
The generated SiO, is fine particles of solid body,
and removed from the exhaust gas by the sprayed water

concurrently with its generation. HF has a large



of CF4 with the catal yst can be converted to harm ess COZ by nixigg7ﬂié 0
into the exhaust gas. In accordance with the present enbodi nent, 9 é H’%e
deconposed at a sufficiently | ower tenperature than the 5 conventiona
conmbustion nmet hod. Accordingly, necessary utilities such as heat energy,
water, and the |i ke can be decreased. Application of the present enbodi nent
to a sem conductor manufacturing plant is advantageous even in a safety
aspect against fire hazard, because the 10 tenperature of the deconposed
gas is low. The catalyst has a long |ife, and a recycle use of the catal yst
i s possi bl esoThediéfidyeintwetemperaid de resdvedl fimm pllenkextanshegdecr eased
significantly in conparison with the reagent nethod. 15 Wen an end of life
of the cat abystlissods&dhad inthewesesl.ysTheavastegeatiori sonkpintrd with a
new catal yst cartridge. The exchanging operation is explained hereinafter
referring t8&iP} @nd7HF T coadaicfed tarthe tom perhepd of thef fahde 13 by
fitting a protrusion 64 of 20 a flange 63 to a _groove 65 fornmed inside the
flange 13. P8F HEMQVANHgaRRAYELU&cROnGhEREcbaltdiey PLPERG SdgeThE, a

cartridge detaching and attachj ng apparatus 66 is used. The cartridge
det achi %g ahtPRE tlﬁgﬁﬁ r?&%%‘t%ﬁ’&t‘iigwsgﬁc?&?p‘?w%@ésﬁ 95Sr§ 28 PEE emPtefl at abl e

base 67 fixed, rotatably.25 to . the Jifter 68, and.a rotary handle 69. After

det achi ng t R8%c Viﬁaﬁﬁyi?g WﬂBeBaf#Fg ﬁ%lﬁ%?tﬁiglaﬂdw%ﬁé Wﬁg?FnByapparatus

22 fromthe_casi . rtridge detaching and attachi ng apparatus 66 is
pl aced o2 %Ebggégg ggghﬁgér the catal yst cartridge 10. The rotatable

base 67 is el e"i?écgéja@ {he Adﬁ&d‘?@t%’bﬁﬁs L at gB on t?g surface
of, the rotatable base is contacted with the ??ang@a% .féﬁggrp%a abl e base
is rotated By;gpecat uhnRa®hist hsprayanywhend! e-69. tAbBesphphat hpgsEorce is
transmtted to the catalyst cartridge 10 via the rubber”plate. Wen the
protrusioon phet,enfBUeErdiP spldenitieied e EleRinghentatidl] gipang 67 is
stopped its noving, and i the lifter is descended. The protrusion 64 is
det ached 1026t onTiidieregrsay e £66he anidl idwn c@im@lvest 2 chs ttadige £19ingl
di sassenbl ed fromthe flange 13 and withdrawn fromthe internal tube 7.
Then, a newcbavaliyet whithi dgect®@risiphacesistanite against HF, in
order to protect the vessel from the corrosion by HF,
which is generated by the reaction expressed by the
15 egquation (1).
A ball check valve 27 is provided at the exhaust gas
outlet portion of the silicon remover 2. The ball check
) valve 27 is arranged between the ring shaped protrusion
28A and the protrusion 28B. Therefore, the silicon
20 remover 2 made of vinyl chloride is protected from
receiving a thermal damage by a back flow of a hot gas
from its downstream, i.e. the heating apparatus 3, when
an operation of the PFC processing apparatus 1 is stopped.
The exhaust gas flowing out from the silicon remover
25 2 is conducted to the PFC decomposition processing unit
76 through the piping 31.

Detailed composition of the PFC decomposition

processing unit 76 is indicated in FIG. 5. The PFC



rotatable base 67. The new catalyst cartridge 10 is 15 inserted infp Mgp@m
internal tube 7 by a reversal procedure of the detaching, and attache

the flange 13. The protrusion 64 of thejnew catalyst cartridge 10 is
adjusted to the above designated position by rotating the rotatable base
67. After elevating the lifter 68 sonewhat, the 20 protrusion 64 is fitted
to the groove 65 by rotating the rotatable base 67 reversely by operating
the rotary handl e 69. The cylinder 17, the baffle holder 21, and the

cool ing apparatus 22 are attached to the casing 6. Then, the PFC
deconposi t | GRCHFPOSISILNG BY OCIRE SRR @@é@nﬁésPpm@ﬁlggsp@oééﬁﬁhﬂg unit 76
becones usabl e again. The exchange of the catal yst cartrldge 10 can be

per f or med ré@ﬂ’lalr?tw §3|%gr%ar@%rgtrrPHGead‘é%%?ﬂ%g”Wa&‘%sa Ri-ngPappar at us

66. Because operators do not touch MAY ~f1 92 26 hot spent catal yst
cartri dge 16254Rg Bpf’éldaFBszntaﬁ’%rlﬁfwlr 6%1?& Edlsf PBAT B Ry & Se}&g Eén‘ﬂhe hot

I 0 d f
The exchangPREAGRER | ARLPRE MBSt Jot RALPREREE & FOcohh BERaLer oasod
f tl di h t al tigcl t
QuSts by {nEUBSCHang: RDSOperaton” SH%%s%p Bventho, EbRE E08-SR0RRG

operat i on | pothg o6l 83N 0N BECoIeS, Raseiehl o FRecHfseRbacppoghuEn can be

applied to € CasSes’'1 oSl ng vari ous substances indicated in Table 1

such as CF4 g*%%f 3@2§§ geaolgé&%nmﬁé é)s%tfsteafac%sf 223 BgsdRgogposed at a

reaction te ature of approximately 70 using the alum na”group

catal yst. Therpaggentz ¥edemente£aal ke pwnl h@dfiﬁbdft% daeonpasgéi on of
CZF6 15 contained'in the exhaust gas from CVD apparatus, and PFC contai ned

in the exhaustogashé rcasieiechi g bapa.at thef Deat iggiappamesial 3 andaddi tion
to the PFC contained in the exhaust gas fromthe dry etching apparatus in

t he senitondhet aractoxf dctane cpmplosed. t20 fArmexamausit egaslc duidyol system for
dry etching apparatus in the sem conductor nanufacturing, wherein a PFC
processi ng appacanre .of Thaouhpereghddpearhionf ofheher éskarnahvenbeon is
applied, is_explained hereinafter. The exhaust gas control system of the
present enbddilfefestsicéedofpobeding sandg h@r#h@n§9%t@h¥ﬁﬂﬁiﬁatéﬂ in FIG 1
and FIG 2 excegt each of the, PFC processj apparatus such_as, 1, | A and

the |ike ar@ FEPLREZACHILt RORL PRl L radsidest appahattid £ ndi E4P8d in FI G

8. The PFC %%%%%if;ﬂ%te % is provf%%d on the internal tube 7.

15 The heating apparatus 3 comprises a electric heater
4 and a thermal insulatingmaterial 5 covering the heater
is arranged above the ring shaped plate 8. The heater

J 4 and the insulating material 5 are arranged between the
casing 6 and the internal tube 7. A gap 16 is formed

20 between the casing 6 and the ring shaped plate 8. The
gap 16 prevents the casing 6 from being conducted with
heat of the high temperature exhausted gas (700 °C) from
the internal tube 7 and the ring shaped plate 8, and
releasing the heat outside the casing 6. That means, A

25 heat loss of the exhaust gas can be educed. The structure
of the PFC processing apparatus 1 can be simplified by
forming an integral body structure with the heating

apparatus 3 and the reactor 9.



27 apparatus 1C has as same conposition as the PFC processing appad&tMA 2007
except the silicon renover 2 in the PFC processing apparatus 1 is replaced
with a silicon renoving apparatus 71, agd a return piping 75 is newy 5
added. The silicon renoving apparatus 71 conprises silicon renovers 2 and
22. The silicon renover 72 conprises a spray 73, and a diffusion portion 74
filled wth packing naterials inside its vessel. The silicon renover 72 has
a same conposition as the silicon renover 10 2 indicated in FIG 4. An
outlet of the piping 29 is oriented downwards in the silicon renover 72.
The ball check Th& yeagiors? Astaprangeddtad poibian dowsirdehan thee silicon
renmover 72. The return Ripin 75 is connected to the piping 37 in the
downst r eam oERq [fhaRed 8lA&EeY - pudpe15esptoThe CoBREdE esf 2 (AT Y Stcon renmpver
72 is conposed of .corrosion resjstant vinil chLoride in order to prevent

g EF

corrosi on BAHE 1998 £XnSoRE24RLNE oAt GFRF ayerFil LRHENEHePYi ke i s
ducted iptp. th | .of th il 7 .th h i pi
26 The extitet R AR adamida HEoRe srbelysE R Y refalric S Vestel by

di f f usi t h. t.he diffusi i 7 A t _of i t d
out by tne TSR biEs Sroi°h8la BIEh B adenAa BBk e LRk 1560, bugh the

reLurn pipisg s CORES At ofb o 25chespeehive: Fodonsiand ) dons Tn the

wast e wat er ‘punped ou rémthe wast e wat er are s than tens ppm

The waste wgleLr 088 P Ehb G mer &95@%.06&@%1{&@@&@91&*&;@@ and HF. In
accordance wth contacting a part of 0 7 MAY 2002 28 Si F4 contained in

t he exhaustt@asmerdals it 6SBY ayeth WRg tth dat1@nge Ne weagtind mdigpssed by the
equation ( 1 ) occurs .” The generated Sio2 is renoved fromthe exhaust gas
by the wast¥3 watlie £fTAfqgél6 3 Sf thesd velly s thta rthe dyast ® i watodtb irfedlhe exhaust
gas exhausted fromthe silicon renover 72 is conducted to the silicon
renoverl02. dnedsheivdtley shepflange ht duglitheerawmttsrr suppinppigesiga 38 1S
sprayed through the spray 26 of the silicon renmover 2 . In accordance with
cont act i ng herterdiogukeeSirg thenreagedr BE & Fanperatvais{ nghshiwh t he
sprayed water, the reaction expressed by the equation gl) occurs in the
silicon remdvethe figeraasterapged kebvaehi ket fesEnaro apBdHEDEs conduct ed
to the silicon renpver, 72 and m xed wi th.the sgrayed waste water fromthe

spray 73. PIEENRY WRE ¢ 152 £ ¢ U RuAedotd irFea it bl gt ti on of

th i di i t 98,1t h h t he .pi pi 35.. Th

at other porti BHECef ¢ REDBRY DriteRst hy aifat Ui A iR i the
processgng J‘én éf&eaf%:gd p%tﬁ%ér?é% ?P@rk?éfﬁel'h%ﬁdgf‘?ﬂ:%rﬂi% 4 N9

appar atus IC generates the sane advantages as the advantages obtained by

the PFC processidhA000E aiditick 2hUrt BeEADEes st hga PHE rOGRRA} e pppar at us
1C has additional advantages as follows. That is, because the anpbunt of the

fresh waterirsdiopd i egle tdaoUG @B the ¥ebingUAPhNrAtAENY238 in the PFC
processi ng apparatus 1C is decreased, the anmount of waste water conducted

t @ the neutral React(ion waltewn or tsheadn ,gwuppliiedayoasdet Watidher nor e,
since the reaction expressed by the equation 0~ SAY z~0z 29 ( 1) is
gener at ed atupmby oy pipes3? n andea 31 Isuped ireshrbvens iz and sthplhieng enovi ng
efficiency of the Si conponents such as SiF4 and the |ike contained in the
exhaustt0gaire idipegeemixed with the exhaust gas in the piping 31.

The water is supplied into the exhaust gas, because the
chemical reaction expressed by the equation (2) explained
later is a hydrolysis reaction. The supplying amount of
water, or steam, is approximately 25 times per one mole
25 of CF,. The exhaust gas containing water, air, and CF,
is heated indirectly by the electric heater 4 during
flowing through a path 15 in the heating apparatus 3. Then,

the water is converted to steam. The exhaust gas is heated



5 Anot her enbodi nent of the PFC deconposition processing unit is mfghfﬂmfd
in FIG 9. The PFC deconposition processing unit 76A of the prese

enbodi ment conprises a heating appar at us, 3A and a reactor 9A. The cylinder
17, the baffle holder 21, and the cooling 10 apparatus 22 of the PFC
deconposition processing unit 76 are also used in the PFC deconposition
processing unit 76A by being arranged on the flange 13 in the casing 6 in

t he above order. The reactor 9A conprises a bottom portion 83 in an
internal tube 79. A bottomplate 82 is 15 provided at the bottom portion 83
as slidabl ebyTheecaltedtysic lhmetrerd B tof abpedxwinghelne7 @0 UAi,na.groap cat al yst
is formed on the bottomplate 82 and the bottom portion 83 in the internal

t ube 79. Théembemranaregr bhpt caialdestonp sa tdatmabfsCFconsapneé igr&AB2P3 80 % and
Ni~2 20 % A flange 20 81 of the internal tube 79 is fixed to the flange
13. The heaPragegpgpdrin tbedmizoinst deyezn i Ahetapanaiairerconheodl ectric
heater 4, and the insulating material 5 covering the electric heater 4. The
electric heé?éﬁrét&ﬁd3phéopg§9ﬂ§tth fareenal fkoyingathangbechbeideen the 25
internal_ tupe 77 and the casing 6. A flange 78 of the internal tube 77 is
fixed t@ t hBepESRga 86. thafapheetrePrERrhBECHEEWRENtEReCERRTAY 28ind t he

fl 78 8L, T tal yst whi hes at the end of [Iif be 0

7 WY 201 2030 PRRBRIGRY TSI 1o Ol Bri OO POZIolcTAchi ng 1 he
linder 17, .the baffl der 21 and th i tus, 22, and

Cmovi ng i 1BEbSREORERFRPE 32 D=oRHISE: PoRY SBF U NETHEXAN appaPaFls 34 and

th t : ti i t 3

and o r onSePoEE S neOBEER fakonmse Lrbin, £OsLeNEnULR ot B0aPERR " o

FouenLa0ss 88 HheHEResyhoed oGy 00888108 LRLcitasiiueaphialned by
10 11 can be maintained at the reaction temperature by the
above temperature control. In a case of CF,, the
temperature is maintained in the range of approximately
650 ~ 750 °C.
The heated exhaust gas containing CF, is supplied to
15 the reactor 9 filled with the catalyst. The CF, in the
exhaust gas is reacted with H,0 and decomposed to HF and

CO, by the effect of the alumina group catalyst in the

) catalyst layer 11 as expressed by the following equation

(2):

20
CF, + 2H,0 = CO, + A4HF eee (2)
In a case when C,F,, one of the PFC, is contained in
the exhaust gas, C,F;
25 is decomposed to CO, and HF by the reaction expressed

by the following equation (3):

C,F, + 2H,0 = 2CO, + 6HF eee (3)



10 An exhaust gas control systemof the dry etching apparatus in the

sem conduct or manufacturing plant, whereto the other enbodi nent of @ReAPR;
processi ng apparatus of the present invention is applied, is explained
hereinafter referring to FIG 10, FIG 11, and 15 FIG 12. In accordance

wi th the exhaust gas control system of the present enbodi nent, plural PFC
processi ng apparatus 1D are arranged in a clean room54. This part i
differs fromthe enbodiments indicated in FIG 1 and FIG 2. Each of the
PFC processing apparatus 1 Dis connected 20 to the separated piping 29,
respectively. A detailed conposition of the PFC processing apparatus 1D is
indicated in FIG 11. The PFC processing apparatus 1D is a horizontal type,
and conpri sE3Gthé dé8l rcgliapbndndicating diesorpPesdd&demposi ti on processing
unit 76B. The 25 silicon renover 2 is connected to the piping 29. The PFC
deconposi t i 6hapreEeEIFREGCEME theEPRe R fhest kel atoNEy appatutts 3, a
reactor 9B, and the coqling, apparatus_22. The, K PFC deconposition processing
unit 76B doBBdnthe abgcissg hndi3qatggR GQrytengeLatdd® /R RY appar at us

98. | ith th t. enbodi nent, th i di [
appar at 05, SBOFSOE b7 i T AT DA Ao T o470, cbar SLMRLRRof 1 he PFC

d iti i 5 i.t 76B i d Ly b | aci he h i
appar ot us 396PSPRE PRI RRBsHAGY FRem e o R R R s on ol
di i on. _ ; i 4 85, which
e perf o at SRR br 71 GARREL O BRePLUR 2a 006 Nl P £ O PlaBROE P O

The 10 cata t r ndleops C 0s b i a | di ; al um na
group catal%gﬁ'(%gﬁﬁa?%iﬁg§ﬂi§%§'8gg€%%n NF%SQQOQ%)Qggf&E%ﬁEi e hol di ng

pl'ate 84 andohhethehdi nhdkaheeBbrafibaldt eebbateidh v aakanaeg, above the
catalyst layer 11 as indicated in FIG 12, and attached to inside the 15

i nternalo t ubad7svThasbabbben20 Tise proxctedni watde whe saaqedng apparatus 22.
The functions of the heating apparatus 3, the reactor 9B, and the cooling
appar at us 228pprokhmapeéygeht temissdiofeatt e asicahmmesirithe AsnEIGons of the
heati ng apparatus 3, the reactor 9, and the cooling 20 apparatus 22 of the
PFC deconpoS$i réveaps ocekkithe diour PEC ThdiPECepr bbesdeempppataens 1D has

t he same advantages as the PFC processing apparatus 1, except no

contri buti ohiabf 1ear 48P atgaserefdPrneLERPER BILR ofRPFEPX HBR BDEE, the PFC

i b de 2 b it d
o ocess! 10 gBRal U0 B be T, 0% SO e beggUaggl Ly o @ renged I
98. A di P i i | i
IR e e e e NERHIT L

have an eXtEﬁe”ﬁéQHﬂp%%ﬁEéﬁeﬁ% Lpseal | hRg appagat rJ:ergai:él the PFC

processi ng appar at us can be rnstallT®ed in a pi*plng ea apove 1 he clean

room 54. Thg7BFC prsoegssiNgo aPPHAidITnbA BOAYL I a5y DsARlgy tReSaBbleSpPace for
installation. The catalyst in the catalyst |layer 11 i s descended sonmewhat

in accor dan@ﬁtw&gbtgb%&Sédlgi.dﬂedébaﬁpobﬁﬁﬁ.@flcﬁﬁthé EHd ghteHentghyal is
formed between the upper surface of the catal yst layer 11 and the inner

surface of oheapprexinmhtelyt 666 #. 71BécHlismeddme hadddibpdate 86 is arranged
' the 20 The high temperature exhaust gas containing the
decomposed gases such as CO, and HF exhausted from the
catalyst layer 11 is conducted to the cooling region 23
in the cooling apparatus 22 through the baffle 20.
The cooling water supplied throughout he water
26 supplying piping 39, and 40 are sprayed continuously in
to the cooling region 23 by the sprays 24 and 25. The

exhaust gas at a high temperature is cooled to 100 °C or

lower by the sprayed water. A part of HF is removed from



catal yst layer 11, by-passing undeconposed PFC gas through the sligd7 MAY 2602
interval to the cooling apparatus 22 can be prevented. The PFC gas is
certainly passed through the catal yst |ayer 11 and deconposed. 15 Anot her
enbodi ment of the exhaust gas control system of the dry etching apparatus
in the sem conductor manufacturing plant is explained hereinafter. The
exhaust gas control system of the present enbodi nent is conposed by

repl aci ng each of the PFC processing apparatus 20 in the exhaust gas

control systemindicated in FIG 1 and FIG 2 with the PFC processing

appar at us_ | ENeng¥Baneh 5a5 kY d1sE9lviRy PREC flsceeet Hyd ét’ﬁﬁ&ﬁja)tt ushpE

conprises the silicon renover 2, a PFC decqnpqQsition processing unit 76C,
angpan aci dic@°gddS% Qﬁoﬁlﬁgeﬁbﬁ‘fﬁt%s oAt i it§mf§rr%5f‘lr§h8\?ﬁgpﬁ t he

fi 3. The .PFC [ | E i db | aci h C
deconpos 1 81 FhHEo e hgbint £ ST H EhE PEC TG S95arhtdet w th t he
PFC deconpogl.ti.on (piqeessh s upl b od 60 oy B cdidifch Adietai e

L r.
conposi ti on of deco ron processing uni iS expgalned

her ei naf¢ er d bt 10 LGRS j if omthe PFC
decorrpos%ti gr?%ﬁc?gngggl ﬁggﬁ‘??&l%&e n§corrp05|r??c?#ac‘)a%ratz%g gbcgg?ﬁaggnd t he
internal tubge PigiRiC3decPasi.ti @ REE6eaaNBE WAth ¥RE £PAPLLERS a casing
88, a heating apparatus 3B for heating an internal tube 77, and a reactor

9B conpri si pafE1eA2ioNgt88 pathafor Beidadt inde ) exthi@sheghkngrappar at us 9B
conprises the electric heater 4 and 10 the insulating material 5 arranged

bet ween t he th@sbagf38 noddéhe2 1 niccthel coobend appgaranmordabeeoneth t he
reactor 9B, the catal yst cartridge 10 containing the catalyst layer 11 is
i nserted intzdgzeg ,i et ralbaakbef 190 ofhe leatsp hestheghrdaadldgey Mater fitted to
the flange at the |ower 15 end of the casing 89 as sane as the PFC
deconpodl t i sPravesessPagthmisprags TheardtZdl yotol tyecathlystf Lpyed with t he
al um na group catalyst explained grevi ously. The baffle holder 91

conpri si ng tHe AFdf % PXEVER RSt sThRESLOr8ac fot eUBCHEAGIFReIEBDI Phg
apparatus 22. The flanges of 2Q the casing 88, the internal tube 77, and
the casing 8&%a@ eI 'fjé"d'exfy %qus.t%e %laShe water can be

prevented, and release of undecomposed PHC can be avoided.

The exhaust gas containing the decomposed gases (CO,

15 and HF) at a low temperature exhausted from the cooling
apparatus 22 is conducted to the acidic gas removing

apparatus 98 through the piping 33. The acidic gas

) removing apparatus 98 comprises a packed layer 95 filled

with Raschig rings made of plastics and a spray 27 inside

20 for removing HF contained in the decomposed gas by a high

concentration such as approximately 4 % by volume. The

spray 27 is arranged at above the packed layer 95. The

cooling water supplied through the water supply piping

70 is sprayed through the spray 27. The cooling water

25 1s flowed down through the packed layer 95. The exhaust

gas is contacted sufficiently with the cooling water in

the packed layer 95, and a majority of the HF contained

in the exhaust gas can be dissolved into the cooling water.



The PFC processing apparatus | E generates the same advant ages as thd PHAY 2002
processi ng apparatus 1. In accordance with detaching the connection of the
above 25 flanges, the heating apparatusy)3B can be separated readily from
the reactor 9B. Disassenbling the catalyst cartridge 10 can be performed as
sane as the PFC deconposition processing unit 76. 0 ~ Mx zo~2 34 Anot her
enbodi nent of the exhaust gas control systemof the dry etching apparatus
in the sem conductor manufacturing plant is explained hereinafter. The
exhaust gas control system of the present enbodinent is 5 conposed by

repl aci ng e3bk 8F tinetpPrCephasetsygng appabat uemevied helgrhhiSanghy control
systemindicated in FIG 1 and FIG 2 wth the PFC processing apparatus 1F
i ndi cat ed i RYFHEe apfidithgapresiaGicrd §PRG rabyar 38 (S orF4i % PYopbYBE by

repl aci ng the PFC deconposition processing unit 76 in the 10 PFC processing
appar at us 1€t FeVIfEaPFEPIeconposi ti on processing unit 76C. In accordance

ith the PFC d iti i . it 76C heat 93
gﬁrangeg betmegﬁggﬁgﬁﬁ%éggo 58F3§€|$ﬁkg€;??h§é¢ §9sg$°Pﬁégg§£gg;conpgzition
i it 76. heat, 15 d i 92.1i i he heat
P onamodt Joieckebbed k aShdm1 0N Eh AT IAG 2 pba BLL ADIERLRH TE NPT

conducting ttﬂl%ep,?%gggg?&ib@ %%e%%’%i %n%eﬁ]l%%etro.swe:?i{xcg;ftél%tas%&je. of the

heat conducting Z i s-connectedto e pi pind a point in the
upstream from kR BhE f¥stem. Inside the cooling apparatus 22 and

the acidic gas removing apparatus 98 are kept at a negative
pressure by the operation of the blower 59. Leaking the
10 hazardous HF contained in the exhaust gas to outside the
system can be prevented. The bubbling method also can
be applied to the acidic gas removing apparatus 98.
However, in accordance with the spraying method, a
pressure loss is smaller than the bubbling method, and
15 the capacity of the blower 59 can be made small.
The waste water generated at the silicon removing
apparatus 2, the cooling apparatus 22, and the acidic gas
| removing apparatus 98 are gathered together once at a
lower portion of the acidic gas removing apparatus 98.
20 The waste water contains impurities such as Si0O,, HF, and
others. The waste water is conducted to a neutralizer
(not shown in the drawing) though the piping 37 by
operating the waste water pump 60, and processed.
In accordance with the present embodiment, the solid
26 particles such as Si0O, are not brought into the catalyst
layer 11 in the reactor 3, because the silicon components
contained in the exhaust gas are previously removed by

the silicon remover 2 as SioO,. If the silicon remover



20 point of the piping 31 and the air supplying pipe 41. In accordangg,wyi hd?
the present enbodi nent, the reaction water supplied fromthe piping g

heated by the exhaust gas at approximatgly 700 C exhausted fromthe

catal yst layer 11 to be steamduring flow ng through the 25 heat conducting
tube 92. The steamis introduced into the piping 31 through the piping 32A
The exhaust gas containing steam air, and CF4, which is one of the PFC, is
conducted to the catal yst layer 11 via the heating 0 7 MAY 2002 35
apparatus 3 . Then, the reaction expressed by the equation (2) is generated
in the cataPyss nayeﬂrmngtﬂde PEC; psogessirag edppar dthes rERCddmar at es the
sane advantages as the PFC processing apparatus 1C. 5 Furthernore, in

accor dance GKPEeSREdfesBAtCHITTNIMER) WitHethedrater shepdiesuEromas at
approximately 700 C exhausted fromthe catal yst |ayer 11 can be recovered
by the heat® E?d’f‘ﬁa"fﬁjéFUQBlYAESCPWhWWZ The HGEFFHQ Jéhﬁa‘é‘i"'(%sﬁe%%e heat i ng

apparatus 3. and, the.anpount of  the ing.1Q water ta be su plled to the
sprays 25 ahfoBet Fﬁ 9A&NEBEI PRGN r§b8582§1€8n35ea&§cF@§s dtefrn

Conduct ga-t §UPRLYABEL PEPTD8: S2an HEShetPeattd CHar 8PefnaRtenaleor e PFC
processing 889359&951£§%r'%§, the following problems (1) and (2) are
caused:
(1) ©Pores formed on the catalysts are closed by the Si0, .
(2) Intervals formed among the catalysts are choked.
10 On account of the above problems (1) and (2), the surface
of the catalyst is decreased, and the decomposition
reaction of the PFC is decreased.
Furthermore, because of the above problem (2), the
flow of the exhaust gas among the catalyst is decreased,
15 and the contact of the catalyst with the exhaust gas is
hindered. This causes also the decrease of the
decomposition reaction of the PFC. 1In accordance with
| the present embodiment, SiO, is previously removed from
the exhaust gas by generating the reaction expressed by
20 theequation (1) at thesiliconremover 2, and accordingly,
the above problems are not generated and decomposition
efficiency on the PFC can be improved.
In accordance with the present embodiment, the
decomposition processing of the PFC can be achieved with
25 a high efficiency by using the catalyst, and the release
of the PFC, which is one of the gases causing warming-up
of the earth, into the atmosphere can be avoided.

Furthermore, unreacted CO generated by the decomposition



0o~ ~r 36 What is clained is; 1. A nmethod for processing a perfluorig
conpound conprising the steps of: 5 renoving silicon conponents froH1§NW?W2
exhaust gas containing the perfluoride gonpound and the silicon conponents,
adding at |east any of water and steamto said exhaust gas containing the
perfluoride conpound, 10 heating the exhaust gas containing the perfluoride
conpound, and at |east any of water and steam supplying the heated exhaust
gas to a catalyst layer filled with a catal yst to deconpose the fluoride
conmpound contai ned in the exhaust gas by contacting wi.ith the 15 catal yst,
cool i ng t heP&xFBustlgashCoRthrhv R SRR SRy cHEEdgbn e F S Phe
deconposition of the perfluoride conpound, and rel easing the cool ed exhaust
gas. 20 2. RYnBiXoHIf FrpFBEesgﬁﬁge pBPt| B8P de conpound as claimed in

Cont rol | ed o b RESPEASAE S 400 piaeReoa enperafeRE: S R o Tor

br ocessing. 4RERLLYGH 9¢ SUMPN A1 Ao tnpkblide PHERCLRe O 7 MAY

5 conventional combustion method. Accordingly, necessary
utilities such as heat energy, water, and the like can
be decreased. Application of the present embodiment to
a semiconductor manufacturing plant is advantageous even
in a safety aspect against fire hazard, because the

10 temperature of the decomposed gas is low. The catalyst
has a long life, and a recycle use of the catalyst is
possible. Therefore, the operation cost of the plant can
be decreased significantly in comparison with the reagent
method.

15 when an end of life of the catalyst is reached, the
catalyst cartridge 10 is replaced with a new catalyst
cartridge. The exchanging operation is explained
hereinafter referring to FIG. 7. The catalyst cartridge
10 is held by a flange 13 by fitting a protrusion 64 of

20 a flange 63 to a groove 65 formed inside the flange 13.
For detaching and attaching the catalyst cartridge 10,
a cartridge detaching and attaching apparatus 66 is used.
The cartridge detaching and attaching apparatus 66
comprises a lifter 68, a rotatable base 67 fixed rotatably

25 to the lifter 68, and a rotary handle 69.

After detaching the cylinder 17, the baffle holder 21,
and the cooling apparatus 22 from the casing 6, the

cartridge detaching and attaching apparatus 66 is placed



37 said designated tenperature is in the range of 650 C - B0 C. 4. ‘/\MAYZDHZ
nmet hod for processing a perfluoride conpound as 5 clained in clain19
wherein an acidic gas is remved from sai d cool ed exhaust gas. ' 5. A

met hod for processing a perfluoride conmpound as 10 clained in claiml,
wherein said silicon conponents is renoved from said exhaust gas by
contacting the exhaust gas containing said silicon conponents with water.
15 6. A nmethod for processing a perfluoride conpound as clainmed in claimb5,
wherein said exhaust gas containing the deconposed gas is cool ed by heat
exchangi ng safddrekhausatghyswiadrwovldand Qvat he zotatahlrebhsd 6or
processing a perfluoride conpound as clained in claim®6, wherein said
renoval of iPecspVvpted BBnpbRehistes 68rfdﬁ%%@e%yph%ﬁﬁga@h¢¥¢@t0%|Ilcon
conponent renpovi ng_apparatus and 25 a second silicon conmponent renoving

appar at us, SBPdSRkRAGSIOhdN ARl & P@fﬁ%&?d@?‘%?@ﬁl Vébh Efponent

' t liedt d d I {
;SESYA?&?"PT%%“M%S ﬁ@n%bia'rméé“ggsr&at%ﬁt CLabeREtiohator |1

the secqond skl{gan, GRIPONRRLaLEMRY "IrRBPRLALES g *Prce is
transmitted to the catalyst cartridge 10 via the rubber
plate. When the protrusion 64 is moved to a designated
position, the ratable base 67 is stopped its moving, and
the lifter is descended. The protrusion 64 is detached
10 from the groove 65, and the catalyst cartridge 10 is
disassembled from the flange 13 and withdrawn from the
internal tube 7.
Then, a new catalyst cartridge 10 is placed on the
rotatable base 67. The new catalyst cartridge 10 is
15 inserted into the internal tube 7 by a reversal procedure
of the detaching, and attached to the flange 13. The
protrusion 64 of the new catalyst cartridge 10 is adjusted
, to the above designated position by rotating the rotatable
base 67. After elevating the lifter 68 somewhat, the
20 protrusion 64 is fitted to the groove 65 by rotating the
rotatable base 67 reversely by operating the rotary handle
69. The cylinder 17, the baffle holder 21, and the
cooling apparatus 22 are attached to the casing 6. Then,
the PFC decomposition processing by the PFC decomposition
26 processing unit 76 becomes usable again.
The exchange of the catalyst cartridge 10 can be
performed readily by using the cartridge detaching and

attaching apparatus 66. Because operators do not touch



sai d exhaust gas containing the silicon conmponents is contacted mﬁtqugkr
waste water fromsaid second 5 silicon conponent renoving apparatus @n 2002
said cooling water contacted with said gxhaust gas containing said
deconposed gas in said first silicon conponent renoving apparatus. 10 8. A
met hod for processing a perfluoride conpound as clainmed in claim1, wherein
said steamis generated by heat exchange of water with said exhaust gas
exhausted fromsaid catalyst layer. 15 9. A nmethod for processing a
perfluoride conpound as clainmed in claim1, wherein said catalyst is an

al um na grobptcapahystatalysA wetrtieddiger 19r oddssiopgratpesf laxsr i de conpound
as 20 clainmed in claim1l1, wherein said exhaust gas is an exhaust gas
exhaust ed f PyetectedoRdant brrndngf adieddure dfisahatuspent. catpby$t uori de
conpound processing a garatus 25 conprisiqg; a silicon conponent renoving
appar at us f§ﬁrﬁ:§#§@ieng £an becdrtashpdnerardilvmtdit &RgURECHBSAEBNt ai ning a
perfl uoride conpound and said silicon conponent 0 7 MAY 2002 39 a

np , (
heating app&P&t &8ef 6XCheROilRg SBPYaL*ARUSE §BE €BhEAYAFngRERF4d9Rrf I uori de

compound; gy el 0, any. of ELEL 309 SLeAMm| S aded BLLer Siausted from said

catalyst particles and generating dusts by the exchanging
operation can be prevented, the exchanging operation in
the clean room becomes possible.
The present embodiment can be applied to the cases
10 decomposing various substances indicated in Table 1 such
as CFr,, CHF,, C,F,, and C,F,. These substances can be
decomposed at a reaction temperature of approximately
700 °C using the alumina group catalyst. The present
embodiment can be applied to the decomposition of C,F,
15 contained in the exhaust gas from CVD apparatus, and PFC
contained in the exhaust gas from etching apparatus for
liquid crystal, in addition to the PFC contained in the
| exhaust gas from the dry etching apparatus in the
semiconductor manufacturing plant.
20 An exhaust gas control system for dry etching
apparatus in the semiconductor manufacturing, wherein a
PFC processing apparatus of another embodiment of the
present invention is applied, is explained hereinafter.
The exhaust gas control system of the present embodiment
25 is composed as same as the system indicated in FIG. 1 and
FIG. 2 except each of the PFC processing apparatus such
as 1, 1A, and the like are replaced with a PFC processing

apparatus 1C indicated in FIG. 8. The PFC processing



conponent renoving apparatus, 5 a catalyst layer filled with a cat gi7yggy Rfr
deconposi ng sai d perfluoride conpound contained in said exhaust gas
exhausted from said heating apparatus, sand a cooling apparatus for cooling
sai d exhaust gas exhausted from said catal yst layer. 10 12. A perfluoride
conpound processing apparatus as clainmed in claim11l, further conprises a
tenperature detector for detecting a tenperature of said exhaust gas
exhausted fromsaid catal yst layer, 15 and a controller for controlling
sai d heating apparatus_based on the tenperature detected by the tenperature
det ect or. 154 .a%\u%efgl gbﬁ oicy é&ﬂfotﬁ%&)&ﬂ%@&‘? RS dppari%s as clained in
claim11, further conprises ,an acidic s.renpving apparat us %ox r enovi ng
the aci di c BARCTBRERS AT TAE & eXEidt 648 Bxhatehobons BT sait cool i ng

cpoer s o= Fi Hhe GuBSEHhVBG ARAR ESE I T M R oL

MAY 2002 removing apparatus 71, and a return piping 75 is newly

5 added. The silicon removing apparatus 71 comprises
silicon removers 2 and 22. The silicon remover 72
comprises a spray 73, and a diffusion portion 74 filled
with packing materials inside its vessel. The silicon
remover 72 has a same composition as the silicon remover

10 2 indicated in FIG. 4. An outlet of the piping 29 is
oriented downwards in the silicon remover 72. The ball
check valve 27 is not provided at the outlet side of the
silicon remover 72. The return piping 75 is connected
to the piping 37 in the downstream of the waste water pump

15 60. The vessel of the silicon remover 72 is composed of
corrosion resistant vinyl chloride, in order to prevent
corrosion by HF.

The exhaust gas containing CF,, SiF,, and the like is

conducted into the vessel of the silicon remover 72

20 through the piping 29. The exhaust gas ascends in the
vessel, and flows inside the vessel by diffusion through
the diffusion portion 74. A part of waste water pumped
out by the waste water pump 60 is sprayed through the spray
73 through the return piping 75. Concentration of

25 respective F ions and Si ions in the waste water pumped
out from the waste water pump 60 are less than tens ppm.
The waste water has a sufficient performance for removing

the Si and HF. In accordance with contacting a part of



40 a spray apparatus for spraying water. 15. A perfluoride conpoun
processi ng apparatus as clained in claim14, wherein 5 said cooIin@7MAYmm
apparatus conprises a spray apparatus fgr spraying cooling water for

cool ing said exhaust gas. 16. A perfluoride conpound processing apparatus
as ' clainmed in claim15, wherein 10 saidsilicon conmponent renoving

appar atusconprises a first silicon conponent renoving apparatus, and a
second silicon conponent renoving apparatus, whereto said exhaust gas from

said first sjlicon cgonponent renoving apparatus is supplied, 15 a first
spray appar%&%ﬂscP@Faéﬁleéiyingt}i}\%teé‘th%Stpr%\Fi Hé&?‘i Fg?o%lg)lgaa}f%gé‘?é&?d spray
apparatus, and a second spray apparatus. for. spraying b wat er sprayed
fromsaid fY3%% s rﬁBﬁEFS%LﬁS’PFQ‘?ﬁFW&fBV e fﬁé’étﬂg&f@i%%ﬁrsay ap%ar at us
of said coql, ng apparatuys.. .20.17. A perfluoride ¢ ound _pr.o, sin

appar at us gth%%ﬁrfﬁgraaﬁ#gll% m]‘_ilr,e ‘g(? ifrfogl_ {c'ﬁgc?a}/rg; S\L/{:egfagrb%?c yeentgi ng said
exhaust gas,fLom fdou N9 hacks aLoqsakd) ki e0poCOMPARAILe LeRMI Ng 25
apparatus from Sal d heati'ng apparatus rs provided in a pé%h conducting said

exhaust sgas fr @éﬁ%ﬂagé'cﬁé‘ XATRRRRA £ FERAOM G 13RBBNAF Mo r SA d heating

appar at us. 0
is conducted to the silicon remover 2. Fresh water

supplied through the water supply piping 38 is sprayed
through the spray 26 of the silicon remover 2 . In
accordance with contacting the residual SiF, contained

10 in the exhaust gas with the sprayed water, the reaction
expressed by the equation (1) occurs in the silicon
remover 2. The waste water containing the.SiO, and HF
is conducted to the silicon remover 72 and mixed with the
sprayed waste water from the spray 73. The mixed waste

15 water is conducted to the bottom portion of the acidic
gas removing apparatus 98 through the piping 35. The
processes at other portions of the PFC processing
apparatus 1C is as same as the processing in the PFC
processing apparatus 1.

20 The PFC processing apparatus 1C generates the same
advantages as the advantages obtained by the PFC
processing apparatus 1. Furthermore, the PFC processing
apparatus 1C has additional advantages as follows. That
is, because the amount of the fresh water supplied through

26 the water supply piping 38 in the PFC processing apparatus
1C is decreased, the amount of waste water conducted to
the neutralizer (not shown in the figure) is decreased.

Furthermore, since the reaction expressed by the equation



18. A perfluoride conpound processing apparatus as clained in claim 11,
wherein said heater, said catalyst layer, and said cooling apparatug)BMaY 266
formed in an integral body structure ingthe 5 above order. 19. A

perfluori de conpound processing apparatus as clained in claim18, wherein
said integral body structure is formed by arranging 10 said heater, said
catal yst layer, and said cooling apparatus in a horizontal direction, and a
baffl e nenber for disturbing a flow of undeconposed perfluoride conpound is
provi ded at a portion above said catalyst layer. 15 20. A perfluoride
conpound priockss A§NEpRALAL a% BHO PCAHtHORS AncEAf M HhicmEEBAYerss heat

exchanger for exchangi.ng heat betwe t.he exhaust. gas exhausted from said
catal yst | a?yearn‘ic(\ﬂc? 'vv%t}bé,,reé‘l‘?vw MY éﬁﬁudﬂ& 2SR G A ed bet ween

said catal yst .l ayer d _sai d.coql.ing appar.atus., 21.. A perflyoride conpound
processi ng ABpAr L%:ﬁgs a&%ai%rtﬁ?d(ii eclcﬁnfpﬁaff,e%fs&ﬁ %‘@re cégﬁ;?ﬂsgi 55 a
cartridge, wherein said catalyst layer is fornmed inside, and a casing
wherein saf%pdﬁiféﬂ%%'is attached det achably, wherein 0 7 MAY 2(107 92

said hegter, sgid,gasl %ﬂnbo@i?ﬂ\e%%i @ £CQald %ca@%g:'éz%ﬁ. iacrj%lnf ormed in an

i ntegral body structure in € above order. pertluoride conpound

i ch compr e e e e T P T0he Ther sy i d cartri dge | s
contai ned, @¥bmposition processing unit 76A of the present
embodiment comprises a heating apparatus 3A and a reactor
9A. Thecylinder 17, thebaffle holder 21, and the cooling
10 apparatus 22 of the PFC decomposition processing unit 76
are also used in the PFC decomposition processing unit
76A by being arranged on the flange 13 in the casing 6
in the above order. The reactor 9A comprises a bottom
portion 83 in an internal tube 79. A bottom plate 82 is
156 provided at the bottom portion 83 as slidable. The
catalyst layer 11 filled with the alumina group catalyst
is formed on the bottom plate 82 and the bottom portion
, 83 in the internal tube 79. The alumina group catalyst
is a catalyst containing Al,0, 80 % and NiO, 20 $. A flange
20 81 of the internal tube 79 is fixed to the flange 13.
The heating apparatus 3A comprises an internal tube
77, the electric heater 4, and the insulating material
5 covering the electric heater 4. The electric heater
4 and the insulating material 5 are arranged between the
25 internal tube 77 and the casing 6. A flange 78 of the
internal tube 77 is fixed to the flange 80. A gap 16 is
formed between the casing 6 and the flanges 78 and 81.

The catalyst which reaches at the end of life can be



said casing, wherein 10 said casing of said reactor is shared wth g70i200
of said heater. 23. A perfluoride conpound processi ng apparatus as cl ai ned
in claim14, wherein 15 an exhaust gas gnlet portion for supplying said
exhaust gas containing a perfluoride conpound and a silicon conponent to
said silicon conponent renoving apparatus is extended into said silicon
conponent renovi ng apparatus, and 20 a gas outlet opening of said exhaust
gas inlet portion is provided at a position |ower than said spray

q q : .
SPF?LS‘%"iongghs%?éyegnﬁémﬁ”tr%%éﬁﬁ%;“r%«'s%a%i'rﬁ&% e B, et eehnnfing
rocessing a S .as ff
Porddifrug.nﬁ cbraiBaaler FRE PASFIEL Epiééa“%ﬂ cefigrhe FESLERa el oo
sal silicon 43

bet weensai d§BP3§a§B%m%2a‘t ﬁgagr?&w%?f‘ gﬁle'ngoéctetg g?aggﬁr‘#ﬁcuogg An
AL DasoR e i APRALL ugf31§a§ﬁmcﬁ8%%ﬁ§ﬂfﬁ gRnuf acllrhpg apparat us

COI’TpI’I Si ng. a SI Icon C renovi ng apparat us renoving a silicon

conponery f59”&?@fﬁ%ﬁB%'iéth?étﬁer}{@slﬂmjaaapa%fzhwaﬁe 1Gpeysdoand said

silicon conponent
9 of the PFC decomposition processing unit 76. The same

advantages as the PFC decomposition processing unit 76
can be obtained by the PFC decomposition processing unit
76A.

10 An exhaust gas control system of the dry etching
apparatus in the semiconductor manufacturing plant,
whereto the other embodiment of the PFC processing
apparatus of the present invention is applied, is
explained hereinafter referring to FIG. 10, FIG. 11, and

15 FIG. 12. In accordance with the exhaust gas control
system of the present embodiment, plural PFC processing
apparatus 1D are arranged in a clean room 54. This part
differs from the embodiments indicated in FIG. 1 and FIG.
2. Each of the PFC processing apparatus 1 D is connected

20 to the separated piping 29, respectively.

A detailed composition of the PFC processing apparatus
1D is indicated in FIG. 11. The PFC processing apparatus
1D is a horizontal type, and comprises the silicon remover
2 and the PFC decomposition processing unit 76B. The

26 silicon remover 2 is connected to the piping 29. The PFC
decomposition processing unit 76B comprises the heating
apparatus 3, a reactor 9B, and the cooling apparatus 22.

The PFC decomposition processing unit 76B does not



a heating apparatus for heating said exhaust gas 10 contai ni ng said07
perfluoride conpound, whereto any of water and steamis added after MAY 20m
exhausted from said silicon conponent rgnoving apparatus, a catalyst |ayer
filled wwth a catal yst for deconposing said perfluoride conpound contai ned
in said 15 exhaust gas exhausted from said heating apparatus, and a cooling
apparatus for cooling said exhaust gas exhausted from said catal yst | ayer.
26. An exhaust gas processi ng apparatus of 20 sem conductor manufacturing
apparatus asclainmed in claim?25, wherein said heating apparatus, said
cat al yst | agenprise the¢dacdditngaspperayuBgappprhvaned PA-antint egral body
structure in the above order, and 25 said integral body structure of said
heati ng appaf@®rdancai Witht Bl RresaRt enbrA HBERL cJhe mf Ebbardus is
installed in a building, wherein said sem conductor npanufacturing apparatus
i s instal | cEEMORING APPArALNS AP8 ALS Previded stoothe duset M5 The
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3 of the PFC decomposition processing unit 76 in a
horizontal direction. The reactor 9B comprises plural
holding plates 84 and 85, which are perforated with a large
number of small holes, in the internal tube 7. The

10 catalyst layer 11 is composed by packing and holding the
alumina group catalyst (containing Al,0, 80 % and NiO, 20 %)
between the holding plate 84 and the holding plate 85.
A baffle plate 86 is arranged above the catalyst layer
11 as indicated in FIG. 12, and attached to inside the

15 internal tube 7. The baffle 20 is provided inside the
cooling apparatus 22. The functions of the heating
apparatus 3, the reactor 9B, and the cooling apparatus
22 of the present embodiment are as same as the functions
of the heating apparatus 3, the reactor 9, and the cooling

20 apparatus 22 of the PFC decomposition processing unit 76.

The PFC processing apparatus 1D has the same

advantages as the PFC processing apparatus 1, except no
contribution of the acidic gas removing apparatus 98.
Furthermore, the PFC processing apparatus 1D can be made

25 compact, because it is arranged in a horizontal direction
without providing the acidic gas removing apparatus 98.
Accordingly, the PFC processing apparatus 1D can be

installed in a ready-made semiconductor manufacturing
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catalyst layer 11, by-passing undecomposed PFC gas
through the slight interval to the cooling apparatus 22
can be prevented. The PFC gas is certainly passed through
the catalyst layer 11 and decomposed.

15 Another embodiment of the exhaust gas control system
of the dry etching apparatus in the semiconductor
manufacturing plant is explained hereinafter. The
exhaust gas control system of the present embodiment is
composed by replacing each of the PFC processing apparatus

20 in the exhaust gas control system indicated in FIG. 1 and
FIG. 2 with the PFC processing apparatus 1lE indicated in
FIG. 13. The PFC processing apparatus 1lE comprises the
silicon remover 2, a PFC decomposition processing unit
76C, and an acidic gas removing apparatus 98, which is

25 not shown in the figure 13. The PFC processing apparatus
1E is composed by replacing the PFC decomposition
processing unit 78 in the PFC processing apparatus 1 with

the PFC decomposition processing unit 76C.
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25 flanges, the heating apparatus 3B can be separated readily
from the reactor 9B. Disassembling the catalyst
cartridge 10 can be performed as same as the PFC

decomposition processing unit 76.
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FIG. 2 with the PFC processing apparatus 1F indicated in
FIG. 14. The PFC processing apparatus 1F is composed by
replacing the PFC decomposition processing unit 76 in the
10 PFC processing apparatus 1C with the PFC decomposition
processing unit 76C. In accordance with the PFC
decomposition processing unit 76C, a heat exchanger 93
is arranged between the reactor 9 and the cylinder 17 of
the PFC decomposition processing unit 76. A heat
15 conducting tube 92 is arranged in the heat exchanger 93.
The piping 32 is connected to the entrance side of the
heat conducting tube 92. The piping 32A connected to the
outlet side of the heat conducting tube 92 is connected
to the piping 31 at a point in the upstream from the merging
20 point of the piping 31 and the air supplying pipe 41.
In accordance with the present embodiment, the
reaction water supplied from the piping 32 is heated by
the exhaust gas at approximately 700 °C exhausted from the
catalyst layer 11 to be steam during flowing through the
25 heat conducting tube 92. The steam is introduced into
the piping 31 through the piping 32A. The exhaust gas
containing steam, air, and CF,, which is one of the PFC,

is conducted to the catalyst layer 11 via the heating
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15

apparatus 3. Then, the reaction expressedby the equation
(2) is generated in the catalyst layer 11.

The PFC processing apparatus 1F generates the same
advantages as the PFC processing apparatus 1C.
Furthermore, in accordance with the present embodiment,
the heat of the exhaust gas at approximately 700 °C
exhausted from the catalyst layer 11 can be recovered by
the heat exchanger 93. Accordingly, the heating capacity
of the heating apparatus 3, and the amount of the cooling
water to be supplied to the sprays 25 and 26 in the cooling
apparatus 23 can be decreased. In accordance with the
present embodiment, the amount of waste water to be
conducted to the neutralizer can be decreased smaller than

that of the PFC processing apparatus 1C.
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) gas containing the perfluoride compound,
10 heating the exhaust gas containing the perfluoride
compound, and at least any of water and steam,
supplying the heated exhaust gas to a catalyst layer
filled with a catalyst to decompose the fluoride compound
contained in the exhaust gas by contacting with the
15 catalyst,
cooling the exhaust gas containing decomposed gas
generated by the decomposition of the perfluoride
compound, and
releasing the cooled exhaust gas.
20
2. A method for processing a perfluoride compound as
claimed in claim 1, wherein
said exhaust gas to be supplied to said catalyst

layer is controlled to be heated at a designated

25 temperature.

3. A method for processing a perfluoride compound as

claimed in claim 2, wherein
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exhaust gas by contacting the exhaust gas containing said

silicon components with water.

15 6. A method for processing a perfluoride compound as
claimed in claim 5, wherein
said exhaust gas containing the decomposed gas is
cooled by heat exchanging said exhaust gas with cooling
water.
20
7. A method for processing a perfluoride compound as
claimed in claim 6, wherein
said removal of the silicon components is performed
by using a first silicon component removing apparatus and
25 a second silicon component removing apparatus,
sald exhaust gas exhausted from said first silicon
component removing apparatus is supplied to said second

silicon component removing apparatus,
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apparatus.

10 8. A method for processing a perfluoride compound as
claimed in claim 1, wherein
said steam is generated by heat exchange of water

with said exhaust gas exhausted from said catalyst layer.

15 9. A method for processing a perfluoride compound as
claimed in claim 1, wherein

said catalyst is an alumina group catalyst.

10. A method for processing a perfluoride compound as
20 claimed in claim 1, wherein
said exhaust gas is an exhaust gas exhausted from

semiconductor manufacturing apparatus.

11. A perfluoride compound processing apparatus
25 comprising:
a silicon component removing apparatus for removing
a silicon component from an exhaust gas containing a

perfluoride compound and said silicon component,
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claimed in claim 11, further comprises
a temperature detector for detecting a temperature
of said exhaust gas exhausted from said catalyst layer,
15 and
a controller for controlling said heating apparatus

based on the temperature detected by the temperature

| detector.

20 13. A perfluoride compound processing apparatus as

claimed in claim 11, further comprises
an acidic gas removing apparatus for removing the

acidic gas contained in said exhaust gas exhausted from
said cooling apparatus.

25
14. A perfluoride compound processing apparatus as
claimed in claim 11, wherein

said silicon component removing apparatus comprises
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a first silicon component removing apparatus, and a second

silicon component removing apparatus, whereto said

exhaust gas from said first silicon component removing

apparatus is supplied,
15 a first spray apparatus for spraying water is

provided inside said second spray apparatus, and

a second spray apparatus for spraying both water

sprayed from said first spray apparatus and water sprayed

from said spray apparatus of said cooling apparatus.
20

17. A perfluoride compound processing apparatus as

claimed in claim 11, wherein

a check valve for preventing said exhaust gas from

flowing back into said silicon component removing

25 apparatus from said heating apparatus is provided in a

path conducting said exhaust gas from said silicon

component removing apparatus to said heating apparatus.
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apparatus in a horizontal direction, and a baffle member

for disturbing a flow of undecomposed perfluoride
compound is provided at a portion above said catalyst
layer.
15
20. A perfluoride compound processing apparatus as
claimed in claim 11, wherein
a heat exchanger for exchanging heat between the
exhaust gas exhausted from said catalyst layer and water,
20 and generating said steam is provided between said

catalyst layer and said cooling apparatus.

21. A perfluoride compound processing apparatus as
claimed in claim 11, further comprising
25 a cartridge, wherein said catalyst layer is formed
inside, and
a casing wherein said cartridge is attached

detachably, wherein



MLO% & ()- 10% & ()- 'FZ10% & ()-3 C|[:NA41010 10% & ()- f10% & ()- (7 MAY 200
10% & ()- @O% & ()- 3MLO% & ()- S10% & ()-Cv)[|[:NA41010 , F10% & () -
*10% & ()- ('10%' 1& ()- 'z10% & () - &iO% & ()- S#H10% & () [Q[:-410
;210% & ()- 9 10% & ()- 6F10%' 5& () - 10% & ()- ~0Z10% & () -
. MLO% & () -*UbA410" " 1098& ()- 10%8& ()- 910%& ()- 10%& ()- 'FLO09& () -
10" 10" UAT| [ : A410" 1098& ()- 1098& ()- 10%W& ()- @10%& ()- ~MOW& ()-
1098&' ()-1|[: A410 %WOWE ()- @ 1099& ()- “!'L10%B& ()- 91098& ()-
F1099&' ()- ~1099& ()-7?K||[:A410" ,210%& ()- LO&LOWO& ()- |.910%W& ()- ,
1099& ()- *s10%&afp-h&d0s8R's@)idsta$inglland 240884 c(1)ing 4PB8RAEYS
9Y1098&' ()- 791099& ()- Yy5MLO®& ()- 410%& ()- Normal " "Heading 13]c"
"Headi ng 23%re fepmdingn3apcintpgraingody] strugadiengns3jhe ablewgdi ng 63] ¢
"Headi ng 73]c" "Headi ng 83]c" "Fbadlng 93] c"A "Defaul t Paragraph

Font qq' 1@*+9&489>DKAPU \Kbgl sy~ WR "$&(*,.02468: <> (QX '1V6: CANW~cn~\ 3UU
>ANfw. 5Kz " S }gX0?!'b"$l')9,/ 123456789; <>A&DGJ NPRTXY-] ValLeg%i |
oq&vwz B} p~$| =9d8Pnd, Z, DOz_G&| i ! RS3C[ U " #$UR' ()*+,-./0123456789: ;

<=>7?@AB FGH JKLMNOP ST Z6Ti nes New RomanAri al Courl er New'h Root

Ent 1y WordDobrienf @S LHESESE CREOBioBASERsS Ny cpparatis <
T RSORL () S DTS 5AB0IA0 <21 GRUEBER § TROMEREASTOMKYVZ\ A
a reactor which comprises said cartridge, an
internal tube wherein said cartridge is contained, and
said casing, wherein
10 said casing of said reactor is shared with a casing

of said heater.

23. A perfluoride compound processing apparatus as
claimed in claim 14, wherein

15 an exhaust gas inlet portion for supplying said
exhaust gas containing a perfluoride compound and a
silicon component to said silicon component removing

| apparatus is extended into said silicon component

removing apparatus, and

20 a gas outlet opening of said exhaust gas inlet
portion is provided at a position lower than said spray
apparatus, and said gas outlet opening is oriented

downwards in said silicon component removing apparatus.

25 24. A perfluoride compound processing apparatus as
claimed in claim 23, wherein
adiffusion portion for diffusing sprayed water from

said spray apparatus is provided inside said silicon
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component removing apparatus between said spray apparatus

and said exhaust gas inlet portion.

25. An exhaust gas processing apparatus of
semiconductor manufacturing apparatus comprising:

a silicon component removing apparatus for removing
a silicon component from an exhaust gas containing a
perfluoride compound and said silicon component,

a heating apparatus for heating said exhaust gas
containing said perfluoride compound, whereto any of
water and steam is added after exhausted from said silicon
component removing apparatus,

a catalyst layer filled with a catalyst for
decomposing said perfluoride compound contained in said
exhaust gas exhausted from said heating apparatus, and

a cooling apparatus for cooling said exhaust gas

exhausted from said catalyst layer.

26. An exhaust gas processing apparatus of
semiconductor manufacturing apparatus as claimed inclaim
25, wherein

said heating apparatus, said catalyst layer, and
said cooling apparatus are formed in an integral body
structure in the above order, and

said integral body structure of said heating
apparatus, said catalyst layer, and said cooling
apparatus is installed in a building, wherein said

semiconductor manufacturing apparatus is installed.
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