. ;e3ex}uxxy$zd {2R}6} T}O Ja s Nov 202 APPARATUS AND METHOD FOR PO NT- OF- USE
ABATEMENT OF FLUOROCOMPOUNDS 5 BACKGROUND OF THE | NVENTI ON 10 i 6l NOpf %Q@e
I nvention This invention relates generally t enment of fl uoroconpo S
+ such as fluorine and gaseous fluori dei\“\m\(\m\\\%@\“@&nt streans contai ni ng
"sane) and nore specifically to the us Ccrubber apparatus and
nmet hod for abating 15 fluoroconpounds in gesé€onduct or manufacturing, e.g.)
sem conduct ewo smistact uri ng pl asma processes. Descri pti orecaiusbdgzefiel at ed
Art Perfluorinated gases are widely used in chip manufacturing to generate
in-situ FZ 20 and fluorine radicals using plasnma-assisted reactions. These
hi ghly reactive species are pr oy - %*)I ca fromtool chanbers or
€s) OXI é‘es

to etch materials such as nitri or polysilicon fromwafers. The
most commonly used car bon- bFORIPQENT-OFoUSE ABATEMENTes i ncl ude CF4) C2Fb,

and C3Fg. Nitrogen trifluorideggyy xafl uoride (SF6) are al so
w dely used. Perfluorinated comou\;ﬁd%ﬁ?g@?bgpﬁl so 25 anong the
strongest greenhouse gases with gl obal warm ng potentials (GAPs) three and
f our order of magni tude hi gher than C02. Mreover) PFCs are extronely’
stabl e nol ecul es having lifetines in the atnosphere of thousands of years.
Even though the sem cohductor industry is not the |argest source of PFC
em ssions) the industry is actively pursuing strategics to reduce PFC
em ssions and to protect t g GURDYUNTEOF THRI RITY@NT €search to reduce PFC
em ssion levels falls i nto%ﬂ'rmp?ﬁ!%m i on) use of
alternative chem cals) recovery/recycle techni ques, and abat enent
ocesseSp PrfEshe Mverligndt | On i nvol ves adj usting the operating conditions
the reactor  (9Z 3 1f1!!) 133HS 31nl |1 1SAfIS to achi eve enhanced PFC
conversion within the sem conductor manufacturing tool Existing
non-opti m zed conThis iiovestiom rdlhes  genetallp nd uabaementa nfl flactoosrhpoyndy ewhsas resul t
in PFC utili L QN rhes. se di n S if.lc_gas and process
used For i nsfl gén'{i:"% 5@(*8%5%‘&%%2“%5 P%g‘ 5%8'%1)?%‘%&? o%%ﬁm{ﬁ:ig%enaa"&—lﬁgmr anks to
utilize up tepeedipsltyf tojRhe Riscept adavet| sspbbert appamatesptandi metliod| fas rabativigean
technol ogs €s G kEomioimish rs%ﬁ@n&&opﬁﬂﬂdfgfur%% £Q., Sonhcbiddcidl Ha.h@fﬁétﬁrﬂ'[% W thin
t he sem conductor manufacturing tool high PFC Conversions inevitably
result in thBlaBRPRESSHES of hazardous air pollutants (HAPs) Breakdown
products include nostly fluorine (F2)and silicon tetrafluride (SiF4)gases
and to a les er. e%‘.ﬁ,enhh'j'ﬁefi'@ X 2 Destructino of fully flurinated gases
gener at es co%%ﬁrmﬁe%& HAP yield conpared to the initial PFC
vol umes delivered to the sem conductor manufacturing tool For instance
assum ng st oi chi obfstyarinated,gases s Wigelyruspsipchippapufastuging tq geperate inrgitu Ko nut e
(1pm) fl ovor abmd fioriNE Jadicals|uing plagiiii-asiisleyl rédctichsc Thidsehlghy Rhctive spdeaes aRyTbi ned

b ocess syst BEREHIS TBBOBI Ty Guf PR (orer skralreh m afedsd,

' nutoe (sl m) okidéd, ueri pelygjieonr érowl twafrgs.i n Tap osibstp corpmerly | usedt car\mnelmat_tda[] tion
nexat | tor i nab gl s RERPLED CIIraR SF NRbE oifaie o3 Blcultly '
future with hexaflperidedSFedre plse Widehunsedof Pesliupminatas camponads, (BRGsL pferdsoThes e
esti mat e9sr e pLEREMNE sIHpEE e dhBust @8R8 With 31 BB ARinkPotREACIEWPE) Whrel Bfa Short
duration andfo%(l?r(;r&(il_; %f magnitude higher than CO,. Moreover, PFCs are extremely stable

molecules having lifetimes in the atmosphere of thousands of years. Even though the
semiconductor industry is not the largest source of PFC emissions, the industry is
actively pursuing strategies to reduce PFC emissions and to protect the environment.
30
Ongoing research to reduce PFC emission levels falls into four categories:
optimization, use of alternative chemicals, recovery/recycle techniques, and abatement

processes. Process optimization involves adjusting the operating conditions in the reactor
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« 0 NUV 7002
_ nature of processing using PFCs the | ower concentrationof f2 em ssion
_during initial cleaning stages and the reduced probability that two or nore
chanbers run PFC cycl es synchroni zed Nonet hel ess such estinates indicate
- the serious and worsening character of the PFC probl em assocuated with
* sem conduct or manufacturing operations The toxic and corrsive nature of
fluorinated HAPs pose consi derabl e health and environnental hazards in
addi ti ons twopeapsardi zing the integrity of exhaust systepsrispopsorti cul ar
t he oxi di zi ng power of F2 is unmatched by any ot her conpound used or °
generated in the sem conductor manufacturing facility and is far nore

L:?;ﬁ :j\(;ﬁ St Ihﬁxg [A&lﬁt r}:eénhgﬁléea chRl@ra’o L\I’gilﬂll'llﬁgl Qigcu co?lri (fll:&I ﬁ%fa%m% toL uri nat ed

gases ease I'mze ess ng
requi re the Bxistihg next—omnmvfd qgodlmnsom thgsgnicomin@l mmm\md p@beﬂs 9¢SBB oM Z0~
Ana a n ' 0

abat ement t &t Ihz"m "%J\Iﬁ%?rxgémmgg th ?gé‘%&nlggr S

pr ol ong tooloxxdps:ttam Mg |ar@mbmépre0&@'4 §E4/ f{*f&t @WP?‘a‘Y'“ﬁIW@rPF&GQSVe
met hods fsor ok Ly OfruugsﬁnF&peéa?Jneﬁmgses &e repdited o smm%twsl%rﬁ)nﬂ uorine

reacts exot hermcall th all, el'enments except 02, N2) and nobl e gases.
Consequent | yRecent rde&@mpe‘“a%%%ﬁﬁ‘hP]?SG‘aF'Qea&b‘ﬁ‘t’@Pr\Qﬁl‘s jwere demongisated gy s

hi ghl'y actl\Sf, uémmhun@hbrywmﬁﬁufersexﬂﬂoﬁdeasltmmcmfm@w addi ng ener gy
to, the system he mai n challenges to this potential approach are heat
di ssipation and form ng acceptabl e by-products. 10 Alternative fluorine

abat ement techni gyms PRCf afndetrﬂgnspmeamblyalresﬂoqutmorimﬂaaort (Y] Hakamusnﬁr

bat t I t {
@: =l Poaplin é@%k’ o BlEigRin Wrodhe® Sk BSRA' ik CFT pith g S, e
I's flowed thacdgbride @ﬂia) jgasds fnd leedl lqmtr hmmrliﬁcmd \@Bmtléqsmuon AMifullpl e dry
chem cal s weyll,gnd &{pﬁ@ﬁt geﬁ..?mwms.uamg WEhSenRl HAIS yiolds BGpaa S a5Emind t hout

generating excess | ast” condition could be a limting factor
especi al | y RBFEn volamge d&b‘f‘tﬁﬁ’eé" é'?c pemigondugtor, gragfacturing (o9l 5 Fofelsances eact i on

appr oach) L Q@Mﬁ:{ s?&ah&ﬁaﬂf & cdﬂ%&ii%n SPPICY iRtoFeact hmepmeh .@m Gi)rﬁ)d A6W rhie 1 nsi deOI
a reactor. heated using fuel or, e i er e produc ener at e
by the tiRer PANFasot %R&'ﬁ?“‘@?’ pﬁof“f%/lejﬁpﬂ eﬂ\ é‘bﬁ'&’ °’éf?¥ﬂ§"?aé'd8f ?‘1 g the
use of a pos:hammm Dsemicinducteranangfretring’ hwccrssenyxm caeild paendially gendrate t hese

post - react | G W8k Bha8 FHANRE rRAS.ADSr ALbeR ORRIA A5 ost ARHLIAMrE> N

scrubbi ng efPite P& ases decreas I on of
t enper at ur e coximmaammqf 3fp, FxGRtem bakast Npperrrampd o Khesp estimated valyes sloplde uj r es

expensi ve R ﬁ&kﬁn&xﬂﬁe& ?P§§ (déﬁﬁ:h:@ﬂl td NFBF:QHQFH lik reate R MR RAE
corrosion attack. In @H ues advant agws t aken of the
fact tha0 f MWy F'ﬁe‘“@lﬁw {‘,}g? d TPy Eﬁ“‘gﬂ'ﬁ y TWERHERS The mai n

products of régiesentowarse case lsennmmnd/aibmot am;dulﬁ:{orathe shiiey, dy@jonzand pelfiGHic
Coj ot oS it Mol i PHOD Hetob o EASrARAC Bf Pefilefing Wifing REE! | o1 ©f

want ed CF e water  consunption necessary to ac |eve accept abl e
moval ef f icliasing stescsmndnhfgwdnqedmrqbn'@hwnhat|t\ynge@ore$h T (RULE

26) 26 NWnc%%eM%tﬂésﬁ%nch estimates indicate the serious and worsening charactcr

25  of the PFC problem associated with semiconductor manufacturing operations.

The toxic and corrosive nature of fluorinated HAPs pose considerable health and
environmental hazards in addition to jeopardizing the integrity of exhaust systems. In
particular, the oxidizing power of F, is unmatched by any other compound used or

30 generated in the semiconductor manufacturing facility, and is far more reactive than
other halogens. The large volumes of F; and other fluorinated hazardous inorganic gases

released during optimized plasma processing require the utilization of point of use
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_ PCT/US99112077 Conparison of the foregoing treatnent options shews that wet
.scrubbing techniques are potentially the nost attractive) provided that the
OF2 by-product formation and high potential water consunption g gbjNeys2gn
- be resolved. 5 There is, accordingly) a need in the art for a point of use
- wet scrubber fluorine abatenent systemthat inhibits the formation of
unwanted OFD) that has an acceptable fluorine renoval efficiency at high
fluorine comoansidti ons and that concurrently mnimzes RaTWBY9IIGe. 10
SUMMVARY OF THE | NVENTI ON The present invention relates to an apparatus and
met hod for abatenent of fluoroconmpounds such as fluorine and gaseous
fluorides fr@umusfdbhirBent 1&hhelagits hoor8Q@Mb Mifinfit SotdkBal daRgedd EndP@PR6long t NE
invention relates to a process for abatenent of fluoroconpound from an
ef fl uent st reakAPEBHIERIS ng sane, including contacting the gas streamwith
an aqueous nmediumin the presence of a reducing agent, such as sodi um
t hi osul fate, 20 apmoni um hydr oxi.de of assium jodide, or_the like. In
anot her aspect) tREFPHRAENEHIARtentipl al a“t"‘c’)"‘&W"ﬁ‘ﬁJB%l?“é'ltl?g“?"d'}?“ yemefedt of
fl uo[) gcormo_ungb_. &Q’hcaigaﬁ&rfs{c 1|nmnihe Sc{aéte_amtlmﬁﬁicﬂi){’ﬂviﬂga]ﬁﬂéfﬁemé ¢xeeps :cdjzngz,anuvat er
scrubber wunit | oine n oW I tio i D Wit st ream o .
fl uor ocorrpoﬂ?&*—ec%‘ﬁ?sai ?"r“i'éq"g\?,yp r Eéﬁ?‘"?fﬁ% ?Em r}‘gn%eagmf '(')“F"ﬁdf §°ch§?‘°§'§ d8f a
f | uor oconpoutighidepliet gab wsiig oawially-becoamp madtionsnwithet fadding repengy i tagthe
reduci ng age u . ! t. Al j i ssi um
| odi de. “or _cigey e ARAMHR T URSHChSbpRRTIR 1 diHLA5 AR roRiRhE
f | uor oconpouasceptabiertyrprodnsyd- provi des an enhanced extent of renoval of the
fl uorocojgpound, relative to a corresponding system|acking such reducing
ent injection. 30 A further aspect of the invention relates to a
seni conduct or narfeEative flpRgine abpiemens techpigues affardjng potemsiabsolvtions oHbeT ( RULE
26) 2 6 N fuoYin€ WhtembhiroBie SachadeRiel RESAOU A28ty Teattionabdhmiiael, GAdthermal
manuf act uri ngﬁ;}r ocess uni t producing an effluent gas streamcontaining a
f 1 uor oconpoUfitfFHeR ™MW S ppar at us for abating fluoroconpound in the effl uent
gas stream conprising: S a water scrubber unit for gas/liquid contacting;
means fofc i ntrodyci L ,@,][ghqy r L reamto
t he wat egs scrubbgﬁhﬁ%r%&&i%'ﬁggﬁg or. gﬂé@ﬁﬁbg‘%‘%&“&?ﬁié&%@%ﬁ%gﬁwgﬁreduced
ef fl uent gash Eaetvamaarighn Stitebledre chesrsaliowaild gonvert Fa ipto dnneeneps solisls of
reduci ng ageghign GARE Mith¥it|gencefing leRebsitbe Heal Mhid s @bndiontdolide alivhiing S and
arranged for_introdu ir\}@l IHeduci E@} agﬁnt t.0 %h% wat er scrubber unit during
operation tI"fé‘F'Bb‘lsP.“'I‘m EMAEES AN P! S FFUPE®Y S i ng process unit in such
facility may be of any suitable type, as for exanple a plasnma reaction
chanber), chem caly, va e oL r rizer Lt axi growt h
chanber ,Z(f)r et chil'r'lga P‘ %(F)T Q %Qﬁig& @gb%%t ;‘Pa‘@gtﬂm‘é@&gn&aﬁgnc%rgg?'rkre%?‘!stﬂ%f t he
i nventi on armatprigisant iz inside dacacton beasednsing Suel opelertsigal encrgy. ibe dyfpradugts appar ent
from the ensyhpdied by tHe W BRemai RERHGHicallydihéTide hdPadiis! uirdfghdR b ON OF
E DRAWNGS Figure, 1 is a [S]li’ge ic 0 ag h_est sefup used to characterize
f1uent gashBOSEFACHORNPUEAHPR U PRV GHIGRICIEH Yt BFE ROSTFAHON P Si F4. 30
Fi gure 2A i ssciubbér®eds a2t eftemtcompromised, iadsmmchad the scaubbinglzéficiaygg bbwmvaaciar di ng to
one enbogl ment of, the inv ' igure 28 i s..a Si I t] Vi ew
her cof . 2% s periee SprE it A oteebied (B il dofuainhe ol
concentrated acids requires expensive materials and construction to prevent temperature-

enhanced corrosion attack.

In wet processing techniques, advantage is taken of the fact that fluorine gas

30 reacts quickly and efficiently with H;O. The main products of the reaction between
water and F, are HF, O;, and H;0;,. Objections to using water scrubbers include
concerns over the formation of unwanted OF,, and the water consumption necessary to

achieve acceptable removal efficiencies at high fluorine challenges.

3
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WD 991 61132 PCTNS99112077 Figure 3 is a graph of outlet fluorine

" equivalent) in parts per mllion, as a function of fluorine inlet
concentration. Figure 4 is a graph of concentration in ppm a? @M%h?n of

. time for selective 5 conpounds neasured at the outlet of a sCr
operated in accordance with the present invention. DETAI LED DESCRI PTI ON OF
THE 1 NVENTI ON. AND PREFERRED EMHODI MENTS THEREOF 10 The present invention
utilizes cheodeal3szi njection to enhance the abat ement of pdriogeogapounds in
wat er scrubbing treatnment of fluoroconpound-containing effluent gas
streans. The invention is usefully enployed in sem conductor manufacturing
operations in which fluoroconpound-containing effluent gas streans arc
produced and 15 require treatnent for discharge or conpliance with
appl i cabl e envi r Gompatisant offthé feragoing areckareds optians cshatvs ahit tvet tshﬁblbnﬁ@bi lity
of standard t.er scr ubbi ch V. h,copcentrations of
fl uori ne an&e\,\g er lr?%’ggl ghun 09 ? m&% %d%?ﬁ\‘}“g‘n oﬁi:é ROt o 20
subst anti al fornpnom/mm:gh pottntuﬂ@raar tonbgmmwhavmbimg carhie nesniveal nance of t he
wat er scgubber system and reducing the formation of unwanted by-products in
the operation of such system Vhile the invention is primarily and
i llustratively dBweeisbangondinghyi matedan thenarBr apoint ehuseomettsorubbrr fhiorsenent of
fluorine gagydidnedp sfle thafinhibhs ﬁ@%m%@whmn&arm. tHaf hdY ACEZ ot
apparatus of the 1nvention may oyed to abate ot her fl uor ocorrpounds
as wel | as Bwerine moex#gememvzr'ng zgggwnanepnmnéfavm andp, thay sopsusientlnhi ch t he
i nvention |§,,,|,,}nki¢§tv§,a“s\‘§ y described hereinafter as a stand 30 al one
scrubblna unit, the scrubber apparatus and process of the invention may be

ed in'Conbination with other processes and apparatus, such as for

exanpl e, as pre-thernmal aba$eMMARYIOF THEINVENTION abat enent water scrubber
colums utilized in conjunction with a thermal processing unit. 6
SUBSTI TUTE SHEET (RULE 26) 2 6 Nov 002 WD 99161132 PC fNS99112077 1n the
present inventi ofhe preseatiinyepipnaglaies o sanyipaias cang gnéthed: éarsabatementbfit enent
ef ficiency ﬁéoruawohm QchOhd Fluofine! b CORRAE NhoridB fiomh 'e?mem t gie
formation of OF2. The reducing agent can be injected as solid or as a
sol uti oy ut"?"l“i"i‘l‘ht?“f‘edum ng agents that 5 are stable to ai r-oxi dation. The
reduci ng agent may conpri se any sw t abl e r educi ng agent that is effective
to enhance the rlermval qf cm uor.oco g mces‘t ! gggi Eﬁr ubbi n }% d
envi ronment . ExafyPe&Per- erre u&PhG CS T o e To b ok
t hi osul f at efromrawcedflesmt ktydnmqn@mmmme:badmgmta@mgdbe gashgream swittparef er r ed
reduci ng a0g odssmaamnum bl sk adeea ranEg- dofRtl SdchNRNsqldtR thiosuiagdi | ¥

avai | abl e) I nexpensjve 10 conmpound né apparatus of the invention for

abat enef? o?mF‘P'EPB‘i“dﬁ’SWMS‘&rﬂS‘“'F‘H“T Hé"déf?rl‘h‘ell‘ﬁ': stream being treated may

i ncl ude nmeans for nonitoring quoroconpound concentration or presence in

the fluoroconpoynd. can rea espg S|vel 15

dj usting the i ﬁl r ot &ci%ﬁ&gg{h ‘t'fl(':{:&ﬁ'; r&?t%s % a?' %ﬂ?maa\[/{\’gt faorr %c{r]H’BBelpyumt

‘JCh means fhegrodompoundhimzineeffiuent amgnazomhinmmamarmqilgilma/mer fgubbenmit or i ng

the pH of t age8fif hu@%xaﬁ&{s gruiththaréahﬁ@:t fsbrG3gh aﬁa%nésnv.@t bt aRgluci ng

t he reduci ng agent at a N as amount correlative e sensed pH

val ue. 20 Aatrmsﬁhfqr\ﬂéﬁcparg% e(:h fyeraermpanyd-depieterdiefflaent strepmswitymeansofar t or f or

det erm ni ngmjéaﬁngamnémeﬁgehh@cﬁ hyﬁﬁﬁiﬁﬂﬂiﬁ&HMe,laﬁuﬂdﬂﬁmﬁﬁ dré}8d, patassfmm and
responsi vel ?ép' ntrodu ent to t ef fl uent st reamin an

o ol qrah ko W S ‘e‘ﬂ?Bﬂ“SﬁH’@&?P?’&P?‘B‘H thireip gud

f 1 uor oconpoproside 24n lenhgyeatreatent tofieremoaals of ahe nfrdcompamdf | relatiec aspound
concentratlon in the flu n ffluent gas stream and
responsi vel y nﬁ%f’ufh"ﬁs%m"t% g@ro @ggggg Bgtcfﬁ'm ng agent to the water
scrubbeBOunit) may be widely varied, and utilized to mnimze the anount of
e eduCh e flpeds et e ARG Rlhdes b 4 B EhalbdORBRATRNIA ol ! e

ef fl uent stream resent 1 nvention achieves i Cl ent  abat eRent of

f | uor oconpoeaveprisingch as fl uorine using reduci ng agents that enhance
fluorine abatement (relative to water 7 SUBSTt' f UTE SHEET ( RULE 26)
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2 6 NO V 2p02 WO 99161132 PCTNS99/ 12077 scrubbing in the absence of such
" chenmical agent) while maintaining acceptable |evels of OF2. Fzgqu[@nvtl
schematically illustrates an apparatus used to characterize eff Zag?ses
- 5 and tenperature profiles during the abatenent of F2 and Si F4. An
automat ed gas delivery manifold equi pped with mass flow controllers is used
to generate the nitrogen and F2 or SiF4 m xtures introduced into the
scrubber. Avems/andzscrubber unit 110 is provided for effl permtsssaioeam
treatnment. At the exhaust of the water scrubber unit 110 is a packed bed
counter-current flow polishing unit 120 10 I'n order to mnimze corrosion

at the inlet of .th crub rt.i on inlet may be
coated with arﬁcg’fé)fl&c ‘%&z"n rpégcle%sn"ml Eo(ag'fl%?" o ‘feé’??aglsneﬂgonmnﬁvat er
t enper at ur esaﬂuotduompbtmd mdr ubber are neasured at selected points 15 in
order to nmonitor the process during the abatenent process. The abat enent
system may be nonitored by any suitable neans, e.g., a process nonitoring
and control apyppaatus foc hhatingfucceneppound ih the effluprit gay stdamotompdsiggs phase
speci es Rresent at t he scrubber exhaust are drawn into ZO an FTIR
spectrophotoneter, e.g., a MDAC I-2000 FTI R spectrophot oneter)
commercially avamwamrecmtrbemmfmes/ee\rlemwnm for quantitative anal ysis.
The unit is equipped with a nickel-coated gas cell 150 having a ten-neter
pat hl ength, with ZnSe w ndows) and a liquid nitrogen-cooled MCT detector.
The spect r onet er Meansdgr ‘"HPd“&fﬁ‘ﬁr"Efpﬁ]‘f%é'“Hﬂ'FF’IcB’i"?‘H!j‘g§3]‘1°P'n§j’§ strgamyto the o
average 16 scans wafey dribber dnite spectral regi on ZS between 600 and 4200 cni
-1 at a resolution of 0.5 cm -1 . Full spectra are periodically collected,
g.) ev’é’ry 30 seconds, to provide continuous, real-time information on the
nature and conceniearst foodisciarginpea fiparocontpondid-reticed effluent/ia6 irairefromans i t at i ve
anal yses arc suif ed by calibrating the analyzer in situ using
known Si F4 and ng%%h%cggayrug% %‘r‘r’s Oxygen difluoride (OF2) absorbencies are
converted into concentrations 30 using a quantitative spectral library

i ssued by M DAC GQeied éitd Rbucifd &g@ﬁ:‘ BferdRly | coupiQiF 8 merescﬁgmg ghpus node
using a gas sensor, cel Ig‘{lg%ﬁsuc n F2 specific Pure éi gas._ sensor cell
U(l

(Pure AI'® Monit oPPhgTass ')"qu‘35' H‘?"ég §°SU§S“\‘F'H31‘ES RGEE“QG) 2 s
N o v 2002 WO 99bpdraiida theeebf.US991 12077 el ectrochem cal sensor utilizes gas
menbr ane gal vanic cell technology to nonitor |ow concentrations of toxic
gas. The sensor is specially designed for in situ nonitoring of F2 under
wat er vapor - sat u'rth seimicenduigter] mpapfachuing pehsesstupitgn suéhd facitionmay bo wf aayal yses

W thin the qﬁ*“ﬁ’ As'mtxmpné RS IR Irkdlib Shafoét, CherhidalPBbF ddposifigpn f1ow

rates of_ scr gas exhaust are diJluted wth netered nrtrogen | ows.
The contffnedgh %’P‘?‘éd’ﬁ’??’é“f ﬁ?‘%b‘h%‘"@ﬂ"ﬁ‘i’??‘ﬂb’é wEtehing t%hanber 170 equi pped with
the F2 sensor. The nonitor responds to changi ng F2 concentratr ons. The
concentration da fer val s.
ccurate quanti tg@}\?e%reéetg %gegaé]‘e “Ac gie"\%gtgggxhe '"{a’s’ ’?ﬁ'&? ﬁ‘efysen‘g%r

‘Jar nst knovmrcgnafiere md will morsffulBQappmnthﬂgum @mmsdeclosumandedpmu on vi ew
and Figure 2Bihs a side elevation view of a water scrubber 210, which is of
a type simlar to the water scrubber unit 110 shown in the Figure 1 system
The wat &® scrubber operates using a vertical co-current flow of water and

the contam nat ed gas st IBRIPF DESECRIFTIONOF IPACDRAWINGSYdrol yzed as they 15
interact with water in a high surface area packed region 220. The resulting

liquid falls to a water reservoir or sunp 230) and the resulting scrubber
gas stream @inirs1 ishsciamaibbiba estiseiopiaded eo charatiefizd efflusht gaseyvnd tdngsdranire a

bl ower . The ter scrubber include fresh or make-up
wat er fl ow r?éo °Sd“"¥€gg%°§%f' ‘];”‘I g&%ge\? ‘drai ning out) and conti nuous
recircul¥tion of water stored in the sunp 230. The performance of the 20
scrubber is e r i 40
instal |l ed atﬁgﬂg&gag g;rogggrt%v&@ﬂg%ﬁ] og'% 62‘%8% S ni g%é‘f?a{éo%?é@% ES%HE imze
solid deposrwoé'm"'rﬁf&fe'&mt'%aE‘P\f'B‘}"PB(ﬁﬁ Hdn leystigevigy thestef. Gas and wat er
tenperatures within the scrubber are neasured at nine selected points as
identified in Figures 2A and 2B. 25 The features and advantages of the
present invention are nore fully showmn with respect to the follow ng
illustrative exanples. EXAMPLE 1 30 I a system of the general type shown
in Figures 1 and 2, abatenent of SiF4 was carried out using an 'effluent
stream simul ating effluent produced in a sem conductor manufacturing
facility by cleaning of plsUBSTITUTE SHEET(RUVLEDRE)S. 9 SUBSTI TUTE SHEET ( RULE
26)



.26 NO V 2002 WO 99/61132 PCTI US99/ 12077 Table | bel ow summari zes results
. for the abatenent destruction and renoval efficiency) % DRE) 2f W &'jth
and wi thout the injection of caustic. The abatenent in this i sq A

not include the introduction of a reducing agent. 5 Fi xed concentrations
(300 pprn) of silicon tetrafluoride balanced with 120 sl pm of nitrogen were
i ntroduced into the water scrubber. The experinental conditions were chosen
to represenyooessexceed ef fl uent gas concentrations rel eaperfushonzorg typi cal
pl asma chanber cl eans. Abatenent efficiencies were neasured as a function
of water flowrates (0.5 and 1 gpn) and scrubber pH (with and w t hout
caustic injegctio I n case L nve ate ured bber. outl et
concent rat) cHEBP e Eu & RO honRe pRR, HpEHel FERE S SRR o o

t he spect r onfhictine el cencgnrdtioc.ant | y bel ow the| r respective threshold | evel
values (TLV) (SiF, TLV = | ppm HF TLV = 3 ppm. 15 Table 1: Summary of
Abat enent Results at Fixed Inlet Challenge of 300 ppm SiF~ in 120 sl pm N2
20 Wat er Fl oFigurat4 @GaasgrapiHief concentration in ppm as a function of time for selective

cone. Si 6Dl LBl
(3.85)0. ﬁ %%{;ﬁo&ﬂfim& gﬁing}f 5’5%‘*5%?9“’5 5%; RO AT KT '5%?5‘°5Yes
(10.8)0.130. m@gn%tlEXAI\/PLE Fl uorine gas flow rates rangi ng between 0.5
to 5 sl pmwere delivered into a 25 Vector-100 water scrubber (ATM Ecosys
Cor poration, San Jose, CA that was equi ed vvlth a~ asswated mani f ol d.
These streans were di | BEZAILEDDESCRIFE CHE sgen resulting in
chal | enges between 1 anﬂnﬁ%mnnmgmapmm‘sqmlmps | 0 SUBSTI TU?E
HEET ( RULE 26) 26 NOY 2002 " WD 99161132 PCINS99/ 12077 of residence
me within the scrubber were studied by increasing the nitrogen flow rate
to 200 sl pm The Theprasemenestiof viilizes elemidab éijection to erhandectht ablaternem@f st andar d
( 1.2 gpm | . e nas used
during high ﬂAoc(rgl Ré‘g‘é'gtg“ g’ﬁ{g fc\e{s%gé 463%3{)?%@'gor?ﬁ§ﬁ'§bwr?e&n%§§¢ﬂe%éa and to
el i m nat e t hgasfstreams: | ofheoinveRPn 48 usefullyhgmplpyeduint semitohuct manwfagrirings t he

exper i ment al o daligns iaehidd hmtcroa,be.ﬁ.dtcbﬁamgemem?& sasmse&egr&xcéd%ect ion of
sodi umth| osul fate as a _reduci ng agent WO 99161 t32

Tabl e 2: 15SurfEats tEratment, or ﬂehmaeéﬁ%mh%smtt arplistble crygppmontaletfigeant s\t er
standards.

In contrast to the inability of standard water scrubbing techniques to remove high
concentrations of fluorine and other fluorocompounds, the present invention achieves a

20  substantial improvement in the art by enhancing the performance of the water scrubber
system and reducing the formation of unwanted by-products in the operation of such

system.

While the invention is primarily and illustratively described hereinafter in
25  application to the abatement of fluorine gas in an effluent stream containing same, the
process and apparatus of the invention may be employed to abate other

fluorocompounds as well as other strong oxidizing gases and liquids.

In addition, while the invention is illustratively described hereinafter as a stand-

30 alone scrubbing unit, the scrubber apparatus and process of the invention may be used in
combination with other processes and apparatus, such as for example, as pre-thermal
abatement and post-thermal abatement water scrubber columns utilized in conjunction

with a thermal processing unit.
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Ftow (8Pn?N= Bal ance (siPmF Fiow Rate (siPmFi inlet (PPmChem
" Enhance ?HF Qut. Conc. (PPm)F= Qut. Cone. (PPm OFD Qut. Cone. (PPnm)Qutl et

F= Equiv. (PPm~lo 2 6 NOV 2002

. DREI 1. 250120000No7. 51. 51. 256. 599. 9721. 250240000N0o122. 5311. 599

9731. 250360000N01520431. 599 9S40. 75500. 510000N040. 5<

13. 599. 9750. 7550120000N0511599 9860. 75502. 2545000N020552099

9670. 755036R8@68a850107499. 8880. 75502. 2545000Yes2. 250. S5pcinlseo 9577

99690. 75200315000Yes2538< 150.599. 7T 0. 75200525000Yes42120< 114199.4 5
Percent destruction and renoval efficiencies (.6DREs) were determ ned using
the standard expression 96DRE =100 x 1 _ CQutlet F~ Eguiv. Inlet FZ 10
where Inlet F? represents fluorine inlet concentration in ppm and Qutl et
Fz i Eguiv. is deflh mgdprésent iduintion, afedicipgeigent is hidized & ifcreastthe abarement
Mr[Qutlet HE_cone.lz", +[Qutlty OF? conc.]:",. nder al | di.fions
oSt 1 gat ect Ryt fsing B HhirduorBortrans. b WaBL g formafon of S he

del i vered. |rkdigugentizen boinjdiet hat sélilicorre aolations hfilizingreduchsg apeiits chat | n
Tabl e 2 rgpresen erfor ce t he .reducj ng. agent-enhan ter scrubber
treat ms\ntSe of ¢ ﬁ@ﬁlfﬁ%af{folx?%g%"hdg&e \5\%?%?3 : eglemg%ég'gf"%isgsﬂ'\ﬁ%t“ﬁgb?ce PeUPEto the
ef fl uent gasagentr thae is effective tgnlmnco theertmovsi aof  fllarsormpotraiine an cijseons 12
St1BSTi Ttl TEscr%'E'EilrErg én%%ﬂﬁnc%p) Examples of preferred reducing agents include sodium
thiosulfate, ammonium hydroxide, and potassium iodide. The most preferred reducing

agent is sodium thiosulfate, a non-toxic, non-alkali, readily available, and inexpensive
. 10 compound.

The apparatus of the invention for abatement of fluorocompound in the cffluent
stream being treated may include means for monitoring fluorocompound concentration
or presence in the fluorocompound-containing effluent gas stream, and responsively

15  adjusting the introduction of reducing agent to the water scrubber unit.

Such means may for example include a pH monitoring device for monitoring the
pH of the effluent stream to be treated and responsively introducing the reducing agent

at a rate and in an amount correlative to the sensed pH value.

20
Alternatively, such means may include an exhaust gas monitor for determining
the amount of the fluorocompound in the effluent stream and responsively introducing
. the reducing agent to the effluent stream in an amount and at a rate determined by the
sensed concentration of the fluorocompound.
25

In general, the means for monitoring fluorocompound concentration in the
fluorocompound-containing effluent gas stream, and responsively modulating the
introduction of reducing agent to the water scrubber unit, may be widely varied, and
utilized to minimize the amount of added reducing agent in the abatement of the

30 fluorocompound in the effluent stream.

The present invention achieves efficient abatement of fluorocompounds such as

fluorine using reducing agents that enhance fluorine abatement (relative to water
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2 8 N~Y 2~-0G- WD 99/61131 PCT/US99/1 Z077 Most inportantly) the tabul ated
_outlet concentrations represent the equilibriumvalues reached after

ext ended and continuous delivery of fluorine gas into the sc2ubINGV 202
depending on the initial F, concentration. The duration of chanber cleans
are often a fraction of the time necessary to reach that equilibrium
Figure 3 illustrates the effect of water use on fluorine abatenent

ef ficiency. wissssxipect ed) nake-up water flow rate affects porrushdizony
efficiency and is a limting factor 10 under high fluorine chall enges.

Wt hout chem cal enhancerrent OFZ concentrations at the outlet of the
scrubber excee i R re t d 696
F2 (50 sl pm i\ 'eﬁgl aﬁe\)lxg%gfen&l B%cﬂﬂalaq%%tg&hde %gk%/""r%raé:%e pa%[']"’l lf’/"e?sy‘?fnTest s 8
to 10 (see T@bBl.e 2) denonstrate that chem cal injection inhibits OFz
formation in addition to enhanci ng scrubbing efficiency. For exanple, the
experinental conditions of tests 6 and 15 8 are identical with the
exception of del iFigy 1 s¢hematicalii Blwstessds ap apraratesrusedToshiracierize offbicot gases
decr easess { g Olinp@anfid BRI dkin® % AfucHlen@ Bl F 20 %iF). T A6 flonRfea fasand

decr eases concentration to bel ow etectlon lTmts. tigure ows the
scrubber sungelivety ananifeldiequippedowith assflom epntrpliers s usedijtorgenerate sl eitrogenct i on of

time. The gré}ﬂ%d&*@f*?hﬁﬁh% ,maﬁce@nﬁakﬁmc%w& oh ﬂa&es%rdbsc.smmid gantly
del ayed and a function of wat {)H Second, the t

concent r at i opfoyfiedfor F@P%’%ié'é‘ﬂ“b‘{ﬁ’ t. t‘%’ﬁ"‘c‘&?‘a‘ﬁh%fﬁ‘ﬁfe‘i”mﬁ'] séﬁ’ﬁg"l“g“ AYis@onst ant .
During the iplckddtled st prrent Sibw palishing@uit@2h.i n t he chanber is used to react
Wit h SiO'koreI easing SiF4 gas. It is only after SiOz is depleted) that
cess FZ'is discharged by the tool in significant amounts. 25 Anal yses of
e tenperature dabalecw hipuiecicaiosiomet thhiniet of thel yerbhetr, abxt methlmirtidnckdo
gener at ed by j d within the
scrubber. The on#&%rr‘g%gﬁéoggﬁg"“@%‘é‘?’é%‘%@?ﬁﬁﬁ%%ﬁ%ﬁ%ﬁorded i nside the
scrubber inlet entry at the first interface between incom ng gas and water

vapor. A maxi Mumc&ERe waick icthpetk @ aitin e fsér@bBet Zre(mdaturé® aGeleliEd poimtsC) Was
detected durjing.the hi ﬂgrel?lf%ocuorl ne chall enges. The ,ﬂ‘ea capaci ty of the

| arge volumettdirds de mep R UPE MRkt Hea BN SYHEPh t he
sur r oundi ngsmay bembriwadd/byanysoieblt rhdues, rgata erees mbd@riby atdenirgltystemsi s  of

FZ. In addit; : Ldnihfh cant signs of corrosion or materi al

deteriorati ohapé'"%%g%w#&% SHEET ( RULE 26) 2 6 NOY 2002 WO 99/61132
Pt ' f/US99/ 12077 were found anywhere within the scrubber (including the
entry system af tigfrared BItive ighsOphaddf spw@s ;trsseﬁ:sat ifVRhbbér exhdift &€ dHWAShtoAS
exposed and effjcientl bat ed of r\‘gﬁ)&éof éqla ﬁgl val ent of 855
liters) & faudiiRes 5‘%"’9 toppFLeT d"r%'g@l -} t SPERRPhoISitfages of
the present ¢ommetialiynaviailabdy foorh MIDACOdrporatih, for qoaritatiod addlysis The ugiels from a

f1uorine-contai n'«?@nﬁf flln*:llf'b?-&:oa? r@gr&:ll }90 Wullé tlchle Ltgy mlclﬁgx hv?}ﬁ: Enesen

escri bed hefRIR® ence Specl ‘featur es) it
Il be apprwﬂawopnsirmhawilmmcwoqwerﬁK/émteh |Téwrmcttmyr|x$ st atd) but

enconpasses %ﬁ&hﬂ%éﬁbﬁ@ﬂm,@w ébl ﬁaatvb.@ges 16 86ls BbVefing el specralRQsbnENt S.
The invention is, acco e hr oagj)% copsi:wged as conprehending alt

such at t & nabstyesneo0;ang; 43&‘2°‘Xn15‘8?f'f585‘f’?'bﬁ SPeEHD 8% Rrentically ¢ hi n
:A\ }:. Ii LlsgA rB II }_ | ?%““%ﬁww ébS?CIm&lcsﬁde,nto pmhﬂb tdmﬂaitsj feal-tivge Qifamﬁb ; on biNENSSTRI AL
e ar oint 0 at e
f1 uor ocomouW&ﬁ%‘?ﬁ@f’%ﬁfgﬁdm% é’ﬁt"ﬁ%’ﬁﬁmﬁf‘:ﬁr@ml q!n’(ﬂﬁ‘ét f'“a?f‘%”&ﬁﬁ oyed in
the renoval siitably uhizeainby ucatibrafing thee hidlyzentin girs winge knowis 3 asl HF
sem conduct of, TRMIEAG! W\BA RARKES KGR RARUIA%Se ISl kG IEARLgh" N9 2

f | uonconmpoun em con pr ocess erern suc uor oeomnpoun

cont ai ni AY gesingss quantitativsspestrallibsary fssyed by MDA Eomperation.on chanbers) cheni cal
vapor deposition chanbers) vaporizers) epitaxial growth chanbers or etching
25 tools. 14 SUBSTI TUTE SHEET (RULE 2B) 2 ~ NOY 2'02 WD 99/61132 THE

CLAI MS whac rs ~rElwgrine gasis analyzed-j@ogptinugys/mode using a gas sensor cell 160 such as

an F, specific Pure Air gas sensor cell (Pure Air Monitoring Systems, Inc.). This
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1. A process for abating fluoroconpound in a gas stream containing same)
" conprising scrubbing the gas streamwi th an aqueous nedi um i nz&wesence
of a reducing agent. 10 2. The process according to claiml,

- reduci ng agent includes at |east one conmpound fromthe group consisting of
sodi um t hi osul f at €) anmmoni um hydr oxi de and potassium i odide. 3. The process
according to claiml|) wherein the reduci ng agent includes sodium 15
t hi osul f at ewobssTihe process according to claiml, wherei pcrivsywestci ng
agent includes anmmoni um hydroxi de. 20 5. The process according to claiml )
wherein the reducing agent includes potassiumiodide. 6. The pr ocess
according to resn t | ng..age n ted othe
aqueous nedi llf:r?:1L %H}}Aﬁ%a)f e&sug'? g sb%a? me%gégﬁgﬂﬁ'% &rlé%:czlgélog’gcor ?% claim
1, wherei n tdoacehiratioms obiepisigas Tivenpxsorses)ctnhlduodqsmeedjasm s8u m‘r‘:hnorpngcnwss
accordlng t u eous
fluoride co%pg%mdim rjvapw{uﬂrt%cégts@n%lécgé ng tm&%m&&sﬁha&é% ﬂ-ﬁ,?

f I uor oconpouheidesenticniliminef lgaylosrsqr@arﬂmcm@mmgz)ekmmé}qw wafes of sembheonduct or
manuf act uy i 2002 WO
00/ 61152 "PC TREURT 350 W RHe U RroRe ot ke oihed pieal iindlofucka 07 ¢

f | uor oconpouma-& kg shamepey 320 swm&ﬁn Yitnibe i F senser. f (The monftpr rsponds e nm

reactor cl e%ﬂhmm%a&em}mdny PheS EIRLSRAGVHCA0f ard BB pdddRloURE Binfudriat BY. 5 11.
The process according to claim 1% further conp r|S|0tg'%n|tor| ng a process
C

condi tion ofse¢qnd ipfELY g'ét rRESHRRLE ARt vE dertith greagieyed Bratipge e ePsosn anount

dependent ongsiaitknpwpessentaosdiof Fon. 10 12. The process according to claim
1) vvhe ein the process condition of the gas streamis pH 13. The process
cordln to claim1, wherein the process condition of the gas streamis

f 1 uor oconpound cEraymZA a fmﬂteheatmnWleMSIdlﬂigurAﬁBappaldatelssatfoorwabat ang

f1 uorocompoung i prugtk %fnélms}{.sq.aﬁ SRR GPRE Valdh QSR Tt FRITOWA'H. @

wat er scrubb&r unit for I qui d contacting; 20 nmeans for |ntrodUC|ng t he

f | uor oconpouheiFignsst ’aF!ﬁF"ﬁg Ther wetemicrubher aperages ¥sing atveeticalgasqursat dowef unit ;

nmeans for dl@mainelzmca.zinhwdog@mﬂ%mdwm%m @Hnéyﬂemyaaﬁyz&i keaay from
said 25 water scruhber E]l?g sour of ar gﬁl" gs Fﬁﬁ operatl vel y
coupl ed Wi t AMERE ‘é?‘"s‘ﬂ? |SW6“°E|ﬁ'i°fp ef ’éﬁ’f’%ﬁg‘% Srsuftme igwid &1l5do r educi ng
agent to thea waératseswindyisemp 280 tandlmelrmj;ltmpetmbbeﬂgastduemmﬁus {BO sdrbbbed he

appar at us 2GfRheH {brhcl BlcBlhedo WABIOGLN ThBGROURRIAlr bE UL I ARE !

conprlses a nea Injecting the reducling age scrubber
unit. 16 SuBswdeUreshspEppke-ppwatep dlowing ingo Nhey sx,sw@ozatw'@mmwz and

PCTI US99/ 12Q4rtinuous recirculation of water stored in the sump 230. The performance of the
20 scrubber is enhanced using a counter-current packed polishing bed 240 installed at the

gas exhaust. The inlet 250 is nickel-coated to minimize solid deposits and protect the
entry from corrosive attack. Gas and water temperatures within the scrubber are
. measured at nine selected points as identified in Figures 2A and 2B.

25 The features and advantages of the present invention are more fully shown with
respect to the following illustrative examples.

EXAMPLE 1
30 In a system of the general type shown in Figures | and 2, abatement of SiF, was

carried out using an ‘effluent stream simulating effluent produced in a semiconductor

manufacturing facility by cleaning of plasma reaction chambers.
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16. The apparatus according to claim14) further conprising a neans for

" nmonitoring fluoroconpound concentration in the fl uorocorrpound-ggﬁtNﬂV]imz
ef fl uent gas stream and in response thereto adjusting the introduction of

. the reducing agent to the water scrubber unit. 5 17.. A sem conduct or
manuf acturing facility, conprising: a sem conductor manufacturing process
unit producing an effluent gas stream containing a fluoroconpound; and 10
an appar at usvademsi@bat i ng fl uor oconpound i n said effl uent Pgaasstrzerm
conprising: a water scrubber unit for gas/liquid contacting; 15 means for
i ntroduci ng the fluoroconpound-containing effluent gas streamto the water

scrubber uni t: Mg ifowdhuiflianl e b HOLBRARRP WRnIcREH G rihdvatient das

stream from sai d water scrub unit; and Oasourceo a reduci ng agent)
oper at i vel y ¢Hisisprye o RREhot $1‘§4 \)Oa'thé‘ﬂd Besheis Bierinjeation of eaveticaThe pptemdng in

i ntroduci ng(Hn@ﬂl!skﬁﬁc@%@rﬂﬁﬂfcluh@thtahﬁ‘ro&@éu@ﬁ ofSEled\RRB agetti t during operation _

t hereof. 25 . The sem conduct or manufacturing rgam lity according to claim
17) wherein the sem conduct or manufacturing process unit conprises a

pL Oﬁgss ?nl th sel ﬁlsz&&ebntérmmnénbesttwm oﬁ emmrs&t)rmome wl@.séaawmatgé lsrg.ﬂal wh
chanbers) cheni cal va sition cha s)..vaporj zer jtaxial gro
chanbers, aﬂﬁ"'&'f’&ﬁ’h‘ffdg BS%CE‘?W thg wa ‘Fﬁécnrgtg’ﬁ‘ cfSB"tW"}?Zﬁﬂﬁdg&“& ey
facility acedseh dGepresesd ctichectd pfflubie pes donédnGations fefedsedidufifgltypicabplagmint

conprises a neans for ecting the reducin e into.the ter scrubber
unit. t7 Stf sﬁ%ﬁﬁ"‘?‘hﬁﬁﬁ' Yoj° Weremeas ~tﬁ‘“f“°§ S iioy raes
FCTNS99/ 120@¥/5 204 l'@pm),smdl acmbufucn}b(wmaamlf withaut caugtid ingactiont)y lacalocadesng t o
claiml f 0 j S)
mcani 18 i e Plieh Aol walla CobenlFaltd Of st ahd S VGERRIL

esponse t hebave shexdttagtion ligits RE the (specyemetes and significqatly belew ithedr respeativet 0 t he
wat er scrubfedspsBidvel xtaﬂ;e%S'El(é'HTﬁ_ﬁlslﬁFpkn{, REE V263 pp

AY. As& . Al F. A3 r. AY[y_. A3nf. Al . AY. AFn. AF. AFu, YAFAAFASNAF AH. A

"=PRngq k8@ i 0?D}wr | ga\ VQ caU] ca] caU] ca] caU] ca] calU] ca] cal] ca] cal] cal] ca
UV] cal] ca U] c”aU caU] ca] calUca U] c”ta]ca

cal] c a .
;J][ nhb} XK U] c%‘ @a]llj]c%ﬁ%ca%?} Ruqé#'%f ﬁ;ﬂéﬁdxc%let ﬁhaqm]gc OfLﬂoosz’ t'g] caU] ca] ca
U] ca] caU] ca] cal] ca] cal] ca] caU] ca] cal] da¢ glamea{ X
-/ 8HTb8MB{ uoi d*YThb] XR] U] ] ca] caU] ca] calU] caU] cal] cal] cal] caU] cal] cal] ca] cal]
cal] cal] caU] ca] ¢ a] cal] ca] cal] ca] ca] cal cal] cal] cal] cal] cal] caw3
[rrm<rpr e W) $>8| vl gb] W Ul ] cU] ca] ca] ca] ca] ca] cal] cal] ca] ca] caU] caU
] ca] ca] ca] ca] cal] ca] fWhleeFipw @Atk cajm.aﬁicca HBconc.| SiF4 | %DRE
U] cMa] ca] ca] ca] cal] cqU] ca>3$$l % @ AT "S(7(ROGR(N{I (((D])))**++J, {toid
AXR] U] caU] cal] ca] caU| ca] ca
Ul c*al] cal] ca] cal] ca] caUfelB] cal c" 8Way) ¢ PP daftPR)) ¢a .
U] c™a] ca] caU] ca] ca] caU] call] ca] caIna(la,aS) --042. .|/ T bAI T} T 49.882355- TW' 7788' 8} wq
e ZU d"XR] U] ] ca] caU] cal] gal] cal g Sgggi caldkcgul gU] %j%a caU] cal] ca] c
‘caU] caU] ca] caU] ca] ¢a] cal ca] cpU| calJ caUl ca caLl] ca” 83BA8888Q9| : :
: 3<] > >} >Z?b?? . CC~yknFBf X®i0) da] 84] chA%EH| dau) caUl cal c"a] ¢

aU] cal] cal] caU] cal] c 0.5 Yes (10. 8) 0.13 0.075 99.96

20
EXAMPLE 2

Fluorine gas flow rates ranging between 0.5 to 5 slpm were delivered into a
25  Vector®-100 water scrubber (ATMI Ecosys Corporation, San Jose, CA) that was
equipped with a passivated manifold. These streams were diluted with 50 slpm of
balanced nitrogen resulting in challenges between 1 and 6% F,. In addition, the effects

10
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101 =10%&' ()-{Y:b@ L! 110%&' ()-!1L!" ! 109%& ()-!L!109%& ()- 6 NOV 2002
F10%& ()- @ 310%&' ()- | s10%&' () -
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10Y=109%&' ()-Y:  109%& ()- S4

109%& () - S&310%& () - brhyid $:($um Iorike A&a&)nem neanQ‘V& ()-yl0%& () -yl
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109%& () - @ 109%&' ()-l( 3f S&10%&' ()-I<3f S810%&! ()

T3f S&109&TEsk TN, [F; Fiow [ Ini] TOROUT OF ] Butel TH@ " 10%
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9F((Vg 1 109& F) 1/ fg‘?‘;) ?ﬁ%‘ﬁt}[ )o%& ( Pyt | GeqpoOut- | F: | DRE
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1%%%2& ()-SE Xsipmh)P MR&F@-) N ( ,."}\)\ (ppm) | (ppm) | (ppm)

| L! 94.09 N ORI R AN IR K. ) - 985 |109%08 (-?51\‘/\757578888-983 B~ @ !
F109& ( V&10) -[F 150 1; 10| ={140080 109 () 25 6 109&165- 13868809 : :
o @ T3 10801 By 11070 oo %88 |Oz! o L% G} 3y 99 30% - T

>722X61_ @1 PRY §ood0() | - PIxg8¥k| (Ne 1 yrk1dudS)| 4 seiDodopy -
%R ()15 & 10w ()-5@(?)6%«@@% ( s ()-41(121 10 5 ﬁis

ig\;&l?)"/& (L),3l@go7510'°/&'56)- ag@.zs | 45000 | _No oy 10/5 ) (20I 99.96 | 0-@
0 () -] Oxx& ()-! 0

109 ()~8573 ‘gf;& ()_§§ 1% ()-‘ﬁ’% % H %2’ 5o 1Y Qi " | nas

| @' @109 [)0W® q 109 ()25 Hr4000g (s | RLqu@S )| <IFf|&109&] 99.996

KFf &10q m &' | )o.75 200 3 15000 | Yes 25 38 <l 505 | 99.7
10 0.75 200 5 25000 Yes 42 120 <] 141 99.4
5 Percent destruction and removal efficiencies (%DREs) were determined using the
standard expression
% DRE =100x| 1 - Outlet F, Equiv.
Inlet F,

10 where Inlet F; represents fluorine inlet concentration in ppm, and Outlet F, Eguiv. is
defined as:

Outlet F; Equiv. = [Outler F conc.lppm + Va[Outlet HF conc.)ppm +[Outiet OF; conc.}opm

15 Under all conditions investigated, the water scrubber removes over 99% of the
fluorine delivered. It should be noted that the removal efficiencies set out in Table 2
represent performance of the reducing agent-enhanced water scrubber treatment of the
invention under worst case scenarios with respect to the cffluent gases released during a

conventional plasma chamber clean.
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teady state typically is achieved between 10 and 30 minutes after the start of tests

This s

5 depending on the initial F; concentration. The duration of chamber cleans are often a

fraction of the time necessary to reach that equilibrium.

Figure 3 illustrates the effect of water use on fluorine abatement efficiency. As
expected, make-up water flow rate affects scrubbing efficiency and is a limiting factor
. 10  under high fluorine challenges. Without chemical enhancement, OF; concentrations at

the outlet of the scrubber exceed 3 ppm when delivering approximately more than 3%
and 6% F2 (50 slpm N ballast) using 0.75 and 1.2 gpm water respectively. Tests 8 to 10
(see Table 2) demonstrate that chemical injection inhibits OF; formation in addition to
enhancing scrubbing efficiency. For example, the experimental conditions of tests 6 and
15 8 are identical with the exception of delivery of the chemical enhancer. Chemical
injection decreases the outlet concentrations of HF and F; by a factor of 10 and

decreases OF, concentration to below detection limits.

Figure 4 shows the scrubber sump pH and exhaust concentration of HF and F; as

20 a function of time. The graph demonstrates that breakthrough of gases is significantly

delayed and a function of water pH. Second, the time-dependent concentration of F,

released during typical chamber cleans is not constant. During the initial stages, most F,

. produced in the chamber is used to react with SiO; releasing SiF, gas. It is only after
Si0;, is depleted, that excess F is discharged by the tool in significant amounts.

Analyses of the temperature data collected during this study indicate that heat
generated by exothermic reactions is effectively dissipated within the scrubber. The
only measurable temperature changes were recorded inside the scrubber inlet entry at the
first interface between incoming gas and water vapor. A maximum temperature increase

30 from 17 °C to 25 °C (AT = 9 °C) was detected during the highest fluorine challenges.
The heat capacity of the large volume of recirculating water combined with heat
exchange with the surroundings effectively quenched the heat generated by the

hydrolysis of F2. In addition, no significant signs of corrosion or material deterioration
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QOR1R2R5R6R7RBRER| 0bU4! F&$10%&X) &&' () - 3102) 102) 102) Fl 910%) &' () -
FF(Z109%) & ()-1 FY@M0%R)& ()-- F, 109%R) & () - ERRRRRRRR| \ <bU4! F

P" 109&X) && W 998118098 X) && () - F& 3z109%&X) && () - F3f nMLOYEMEdésbn20m E 3

f 1098X) &&' () -- F3Z109&X) &&' ()- RRRRRRRCChU4! F P"109&X) &&' () - P"109%&X) &&' () -
P'10%8X) &&' () - P"10%&X)&& ()- P"10%&X)&& ()- P"10%&X) & () - RRRRRRR1HoWA! F

P" 109%&X) &&' " 10% Q9 & ()- P'109%&X) &&' () - P" 10Y&X) &&'
p" 10(V§>>0<) &&! ?‘%‘”ﬁpﬂﬁ%ﬂ%%ﬁ‘}‘ﬂ e %”6‘5%8 @E"‘H"g s SR %fier c ]’6 2 1) &8 E 3
P" 1098X) &&' 6 the RstsO XRxpalliSth¢ Scruliber WX pesed ahd ERASEIIRLMedI! 3. 168! (dd YeX) &&' () -
P" 10%&X) &&' et 9% : && P" 109%&X) &&
p 10%&x§ &8 %’%‘“ ﬁﬁdéﬁ%&tﬂ?ﬁﬁ}g t)J/&X) g&' ()- P 102’/&X) g&' ()-
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S The foregoing data illustrate the advantages of the present invention in providing

enhanced removal of fluorine gas from a fluorine-containing effluent stream.

. 10 While the invention has been described herein with reference to specific

embodiments and features, it will be appreciated the utility of the invention is not thus
limited, but encompasses other variations, modifications, and alternative embodiments.
The invention is, accordingly, to be broadly construed as comprehending all such
alternative variations, modifications, and other embodiments within its spirit and scope,

15 consistent with the following claims.
INDUSTRIAL APPLICABILITY

The apparatus and method for point of use abatement of fluorocompounds of the instant
20 invention may be industrially employed in the removal of flnorocompounds from
effluent gas streams such as semiconductor manufacturing processes producing a gas
stream containing a fluorocompound. Semiconductor processes wherein such
. fluorocompound containing gas streams originate include plasma reaction chambers,
chemical vapor depesition chambers, vaporizers, epitaxial growth chambers or etching

25 tools.
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P'109&X) && ()- P"109&X) && ()- P" 10WM10%0 &&'( % ) - SSSSS?&?bUSl?
P" 109&X) && () - M6+K"

1. A process for abating fluorocompound in a gas stream containing same,
comprising scrubbing the gas stream with an agqueous medium in the presence of a

reducing agent.

‘ 10 2. The process according to claim 1, wherein the reducing agent includes at least
one compound from the group consisting of sodium thiosulfate, ammonium hydroxide

and potassium iodide.

3, The process according to claim 1, wherein the reducing agent includes sodium
15 thiosulfate.

4. The process according to claim 1, wherein the reducing agent includes

ammonium hydroxide.

20 5. The process according to claim 1, wherein the reducing agent includes potassium
iodide.
. 6. The process according to claim 1, wherein the reducing agent is injected into the

aqueous medium during the scrubbing.

25
7. The process according to claim 1, wherein the fluorocompound comprises
fluorine gas.
8. The process according to claim 1, wherein the fluorocompound comprises a

30 gaseous fluoride compound.

9. The process according to claim 1, wherein the fluorocompound-containing gas

stream comprises effluent of a semiconductor manufacturing process.
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P'1098X) && ()- P"109&X) && ()- P'109&X) && ()- P"109&X) && () -

P' 109&X) && MQSPTIHT T, TvV6DbUAM P 109&X) && () - P" 109&X) &ICIJUSS9/12077

P'1098X) && ()- P"109&X) && () - M6+K", T2T5T8T: T<T?T_?bU4M P" 109&X) &&' () -
P'109&X) && ()- P"109&X) && ()- P"109%&X)&& ()- P"109%&X) && () -

P' 109&X) && () - ?TETFTHTMIPTUUS?bU4M P" 109&X) && () - P" 109&X) && () -

P"10%&X) && () - Mb+K"' P"10% ' () - PTRTXT[. TATaTdT ?bU4M
&X) ( )lO. process %ox%ﬁug( l)o cﬂ_m I, \Jherein the Euorocompound-containing gas
stream comprises effluent from a plasma reactor cleaning operation in a semiconductor

manufacturing facility.

5
11.  The process according to claim !, further comprising monitoring a process
condition of the gas stream and introducing the reducing agent in an amount dependent
on said process condition.
‘ 10 12.  The process according to claim 11, wherein the process condition of the gas
stream is pH.
13.  The process according to claim 1, wherein the process condition of the gas
stream is fluorocompound concentration therein.
15
14.  An apparatus for abating fluorocompound in an effluent gas stream containing
same, comprising
a water scrubber unit for gas/liquid contacting;
20
means for introducing the fluorocompound-containing effluent gas stream to the
water scrubber unit;
means for discharging a fluorocompound-reduced effluent gas stream from said
25 water scrubber unit; and
a source of a reducing agent, operatively coupled with the water scrubbing unit
and arranged for introducing reducing agent to the water scrubber unit during
operation thereof.
30

15.  The apparatus according to claim 14, wherein the source of reducing agent

comprises a means for injecting the reducing agent into the water scrubber unit.
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fluorocompound concentration in the fluorocompound-containing effiuent gas stream,
and in response thereto adjusting the introduction of the reducing agent to the water

scrubber unit.
17.. A semiconductor manufacturing facility, comprising:

a semiconductor manufacturing process unit producing an effluent gas stream containing

a fluorocompound; and

.. 10

an apparatus for abating fluorocompound in said effluent gas stream, comprising:
a water scrubber unit for gas/liquid contacting;

15 means for introducing the fluorocompound-containing effluent gas stream to the
water scrubber unit;

means for discharging a fluorocompound-reduced effluent gas stream from said
water scrubber unit; and

20
a source of a reducing agent, operatively coupled with the water scrubbing unit

and arranged for introducing reducing agent to the water scrubber unit during
. operation thereof.

25 18.  The semiconductor manufacturing facility according to claim 17, wherein the
semiconductor manufacturing process unit comprises a process unit selected from the
group consisting of plasma reaction chambers, chemical vapor deposition chambers,

vaporizers, epitaxial growth chambers, and etching tools.

30 19.  The semiconductor manufacturing facility according to claim 17, wherein the
source of reducing agent comprises a means for injecting the reducing agent into the

water scrubber unit.
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