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METHOD FOR PO NT- OF- USE ABATEMENT OF FLUOROCOMPOUNDS 5 BACKGROUND
| NVENTION 10 Field of the Invention Th| n relates generally to
apat enent of fl uoroconpounds such as f \@@mﬂmgaseous fluorides from
ef fl uent streans containing sane, and Cltically to the use of a wet
scrubber apparatus and nethod for abating *EW uor oconmpounds in
sem conduct otwgmubact uri ng) e.g.) sem conductor manuf act Wdmges RS
processes. Description of the Related Art Perfluorinated gases are w dely
used in chip manufacturing to generate in-situ F2 20 and fluorine radicals
usi ng pl asma-assi sted reacti ons,pph i ' ive species are produced
to renmove silica fromtool charﬁ)Pngﬁng?é@%ﬁﬂgﬁe)rl al s such as nitrides)
oxi des) or polysilicon from RORFPGINT-OF-USE ABAFEMENT used car bon- based
perfluorinated species include Nitrogen trifluoride
{NF3) and sul fur hexafl uoride (%ngrggéa(:l(ﬁ\gg% dely used. Perfluorinated
conpounds (PFCs) are also 25 anpbng the strongest greenhouse gases with
gl obal warg ng potentials (GAPs) three and four orders of nagnitude higher
t han C02. reover, PFCs are extrenely stable nolecules having lifetinmes in
t he at nosphere of thousands of years. Even though the sem conduct or
industry is not the |argest source of PFC emi ssions) the industry is
actively pursuing strategie nd to protect the
envi ronment. 30 Ongoi ng resﬁd:défnéﬁe'%m& %‘Em | evels falls into
four categories: optimzation, use of alternative chem cals)
recovery/ q@cyﬁ ﬁ&fqﬁ%quyﬁﬁl) and abat ement processes. Process optim zation
ol ves adju operating conditions in the reactor 26 NOV
2002 WO 99161132 PCTI US99/ 12077 to achi eve enhanced PFC conversion within

the sem conduct or TR&OUARAEM rdlgest Béhlerall§Fto SibatteheRO B qmbto@mﬁtﬁn@@@&ththpns in
in PEC. utilization that

the sem condUﬁtor margiuf acturhn(g pr gcessg{esult

vari es depend! MY En21%h 82EBE1PTrides; drom, sifluspt, stsams confpinipg, same, cpndn more oy de
et ches usi ng specificdiynas i the ot GF4 aved sﬁihlEBerr aplb@nitms/\mﬂ wiethbd %%waﬁﬁ@ss 5
efficienc iLd t up to 68
b of NP3, oo gy o RROR hhRERERE FRATR M, <30 Uk EEnd Bk M BBallRe |0, ¢
denonstrat ed PWSTP? PFOFedseEsup to 99% NFL util i zatl on within the sem conductor
manuf acturing tool. H gh PFC conversions inevitably result in the formation
of hazardous air 10 pollutants (HAPs). Breakdown products include nostly
fluorine (F2) L tuori de (SiF4) gases and to a | esser extent
HF and COF2. Destruction of fully fluorinated gases generates considerably
augnent ed HAP yi el Resfluoimplad gases we wirlslyi used inadhifPRR@ufatunmg so grakiatesnat Fp t he
sem condugg or mm&mem aamq,sﬁ,g?lasmfggs.slee%La%as,?s) 'ﬁéfe%%lﬂ? Irahwe pe&al;‘éw ¢

conversion of PFCs I1nto , m nute (! oW ra of NFL
coul d pot ent i Biopycep derpRvelsilical fim deol amt’l‘lﬁ%%&?rﬁ‘i“hé@?"éi@ﬁaﬂﬁh ag mjteden of
four chamber sokifesd &elﬁbryﬂﬁdﬂﬁf@fu R, ACtTHE | RGsIDIcOMmMBAlYS YSei€ Barbat baled

entially generate yp to 6 apdard.lit rmn Sl of fluorine
g‘;s resul ti ngp‘?'ﬁ“%{"‘&fgtspeﬁlfﬁﬂwg‘fj? {EE‘EE& e‘éﬁf o tBb“%’g? @3@ 2o §

bal I ast NZ pehexafingr)de (SRgsue als¢ iwidel e dsedal ReeBuatinatel exompoindh ¢RiEds) um:r algat ed
PFCs (co re [ {th the
Droj ect e d hr gﬂé‘?ﬁp&? L!}on?g'sg 6%%@01\;\%@% v}nﬂ cﬁ)g \Egrﬁx‘?rbé P nli‘gls ((l’élél,?s)% aI\M
represent wor far cadess of enagnituds haghgr dhﬁnnGOz adﬂgmmer,f BFCQ h@ mmlydum ion

and periodi ¢ Bafdifies in.rrme@rﬁ&aﬁ m&smﬂﬁsdﬁa@%f m&ﬁadc@w eﬁpnﬁ%t&,gsqhqw of F2
em ssions during initial cleani n? stages, and reduced probability that

two or more chEINBYYAECPy indpstey {8y adt dhe éays?éwwezeﬁPFﬂcﬁs@EWe@s)m@ﬁw is
estimates i ndbaf%g/ pubBing SIritOli6s 18 RAnMMIRESMiBGors RAd etk 2R ealirdnRnf?FC

probl em agsoci ated w th seniconductor manufacturing operations. The toxic
and corrostve nature of fluorinated HAPs pose consi derable health and

envi ronment al hazaOaging) reaehidht too reduee PEopminﬁh':dH ﬂ‘d}eltshallsi rﬁt@gédrtgmgfm@xhaust
systens. In parltlc Eo%r bse (Qealto>l<\|dtc11v|62| nlg c@ ci]s ﬁql gg( ?/ her
conpound used°BI™ 30 Generate ! °6°V3[Yért°89 &R u"fqé‘(??l?‘f’ AR ity
and is far nopscessecPiogess b]bta!nza)tohmvohai aljexisg thEleerh@ngrendiobns e the odactor and
ot her fluorinated hazardous inorganic gases rel eased during optim zed

pl asma processing require the utilization of point of use 2 SUBSTI TUTE
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SUBSTITUTE SHEET (RULE 26) *166166*




2 6 Nov Zf102 WD 99161132 PGI/ US99112077 (POU) abatenent technol %m‘,%
order to mnimze potential dangers and to prolong tool operati ng i're. 02
There are several potential alternative nmethods for point of use F2
abatenment. At 5 high concentrations, fluorine reacts exothermcally with
all el enents except 02, Ni) au~d noble gases. Consequently, a reasonable
approach to F2 abatenment is to renmpve this highly active gas using

nat ural | y- oggy % ;0g reactions wthout adding energy to th %5§5|87The mai n
chal l enges to (n S potential approach are heat dissipati on an orm ng
accept abl e by-products. 10 Al ter native fluorine abatenment techniques

af fordi ng potential sol uti the fl uyorine abatenent praqgbleminclude wet
as well as df%/"‘l"é%f’ét?'\l}ﬁ"c%%ﬂ% Eﬁl’é@smﬁﬁ’ﬂ 'hét}?nﬁlm‘?oélg‘tcl‘?’oﬂg’l“&?ﬁ’rﬂ"&u@g 15 In
dry processi Egysuﬁg’lﬁbnf-épdﬁﬁtdﬂﬁo&ﬁﬁorﬁhﬁ mmmxsoﬁdhamﬁaﬂulfurcmg proceks Yefutdn f i | | ed
with a reactiyve Suitabl e dry chemi_cal s uld convert FZ into

i nnocuous sof Fﬁé'nﬁ?a"ﬂgﬂla{gﬁa't’j&g%?"‘ﬁﬂ ?%'ﬂ‘f s@@ﬁéﬁ%&ﬂ"ﬁ%"@%é’é"&? rffistapce, Thi s

| ast condi t: 9xid€ @tthes bﬁng al aombﬁnangn bac:Fplamemm;naikl yowektewith a5@eprotdsenes of
F2 are inyolv

reaction t her mal at nt unlts
conbi ne r acﬁ?\‘iﬁ""%t P?%ﬂcg %H%B[E? ROEPsghag * lg’ ?(5? h“lézﬁt‘ﬂ’dwu@a% :
el ectrical eRefegyde\Bl@nkmmpmoazhmmmdgﬂmadlad tbshnblogics h&rerrﬂémafsamtmm of FZ
typicallylnclud equiri on wat er
scrubber. ThBYE ﬁﬁ\‘/’ 9%@%?@%@&3{5&@% [}\E%C'Héo"dg{nm?'gg"g' “{"%g/aof her scr ubber
beds are often conprom sed, inasmuch as the scrubbing efficiency of nost
acid 25 gases deCﬁﬁgﬂSPF@scoﬂvéru&e‘st ;nemaef teSEPGh Ahé!F6rmalibh %Ma&aragqs air

cont ai nment of hot “concentrated acids reqU| res expensive nateri s and

’st r uctlP onpelintante HAPS) o Bseakdews #roduets edilecBestlys flueringt (Fak jend |siioppt
0

cessing t pehnhdieSEirgy yaed aﬂBtheIsa:kaateﬁlmeﬂdf@E tDétrudtlonodf fafly 9as 30
reacts quickly and efficientl oducts of the r actlon

bet ween wat eF“%ﬁ‘ﬂi“@gaécrsege?—'l?fm%f’“s'gﬂﬁb]HQWC"%M V'S{‘E corgpagesd tq ghe,
scrubbers i neFOdeolmﬂeu:eleln&mdver tﬁeh&mnmnﬂm:ommamifammmntaad CF& iBnecd, he

wat er consunption n r enoval iencies at
hi gh fluorin gwmglseoﬁ es"%% %%é%%’?h‘?ﬁ%%l—l@%% ( 'E”%)mmmﬁﬁ klﬁﬁw\/atioo WO
99/ 61132 1PCTNCHE{ ¢y ﬁot@mﬁan)r@m b$ Ipnhef ForByaiomyined eshanssrstreapof fovs shows

that wet scr COMi MBSt hRa ygalsy rovi ded
t hat the OZZH'%@{H;%J&‘EC{L%W mattt ion ngﬁt:ﬁﬂﬁ EJOL%? 1(;?,}}r}?el al \/\231 e[%ﬂt%g%\sgﬁﬁrf%?tlgon

probl ens canupi ¢ gapfayblitersperrminute Gslgn) °§98Qﬂ'\ﬁlgﬁiﬁe9“1“%ﬁ REARPSTRPMmATient for a
poi nt of usecyREntftibhBP8% F) (tsonmﬂeamamgﬂarﬁun@yswm leftathatéd Wls tdbuble e

formati on of u a e orine r.e

ef ficiency at* Hv%ﬁafﬁ’loﬂg?[fz%gﬁg cggl\ﬁ?ﬁrim t9 gﬁé ghd\re[ ﬁléeﬁy EoWE‘ﬁ?"’FéH{TF"yE‘rW’ﬁl nm zes
wat er usage. wi $Ummmemrﬂﬂlph 0fih Waterpmeswdarturingy e Thessnestiglaggses t o .
an appar at us GAgefIRIAQLlcdO beethits SRR ol adcbifGCAERAND HitarfdiChha bl Or | N

and gaseous uor from e | uent streams 15 contal ni hg same

aspect, the pavesmfipsecesses a&%l’ﬁ%s Hedewerconcenttionn af Engmissiens during intddnpound

man effl Uﬁmmg%ca@amnaqm @uﬂeagr&aﬁrﬁoy thdd &6} MBreCARNMBE hﬁ@#dl@yc&as
streamw th an a ueo res nce of a red ent such as

cin
sodi um t hi osElY'Fé Bized ?ﬁ%ﬁ sﬁﬁ’t’%?“@&f‘ﬁ'@ i the SEROH RS Y g ing Fhardeter| ke,
| n anot has aspeePFCiphashlénnevadiatedwitiebeatiemdictoramnafaplring operdtions. abat enent  of
fl uoroconpound in an effluent stream containing sane) including a water
scrubber unit joined in flowrelationship with the stream of
f 1 uor oconpound- cofikeationicrand edrfdsive maturernd fRsrinateddhtyRsopoko eondidsmabla hgalthaind a
f I uor oconpou t gg—;ﬁ%g
reduci ng age%g‘"%ﬁ%ﬁgﬁg?jlﬁ E%Edtahlmgstg rd}%ng moni tJ &rerxg%sggd%%t ZISS| um
i odi de) or t merticylpre thenpxjdizing Reavee of &mwwtchmmy my tG@mpgund used or

f1 uor ocomgounghefigs @ me%eﬂhdaﬁmétdd%@ﬂfa@tﬂh@gwmﬂuﬁ%e ¢ 127 mée reacave @fant he
fl uoroconpound, relative to a corres%og%l(qr%gc %St em | acki ng such, reducing

agent inj ect iother hategens. £ Therlpgs volumesqt oBtsd yazardqus noeganis gases

;g;ﬂ conduct orelemed Haeigl bptigizédpiabid YroceRINR I regiirRgthe AitiftkiBion | of Lot SHERE ( RULE
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2 6 NOY 2002 WD 99161132 PCT/ US99/ 12077 a sem conduct or manufacturing
process unit producing an effluent gas streamcontaining a fl quo&(Nﬁ)\b%gz
and an apparatus for abating fluoroconpound in the effluent gas stream
conprising: 5 a water scrubber unit for gaslliquid contacting; neans for
i ntroduci ng the fluoroconpound-containing effluent gas streamto the water
scrubber unit; 10 neans for discharging a fluoroconpound-reduced effl uent
gas stream f woitpfhg: wat er scrubber unit; and a source of @ chREHGI2G agent,
operatively coupled with the water scrubbing unit 15 and arranged for
i ntroducing reducing agent to the water scrubber unit during operation
t hereof. The C act r.ocess. u 1D, suc fac I|ty may
be of any sw(? 8?) a%lgm ntl%mﬂ??)é’éseg\a&%dl "{QUP, as] merngac(%an%crs J;?ﬂ)g °"&heni cal
vapor deposi ttomjmpﬁr@tlm:iqber vapor i zer) ep| taX| al growth chanber) or
etching tool. Ot her aspects, features and enbodi nents of the invention are
nore fully shown hereinafter) and will be nore fully apparent fromthe
ensui ng di scl osur &hemdrezpyrssl pegniddl altgrpative megrRilEior BRSORMFETF.GRatOmemHRAL
DRAWNGS i gyfish, donbéhtrdtichs IBRE Geallh efothiebRicaBEiviiP alt SESlert Qe r(%c dd"ée
ef fluent gases anorl\ erature profiles during abatement o F4. 30
Figure 2A is '@bler&i‘ﬁﬁs @Wﬁ“F‘BH ¢ireatorapbleappepag toskr abaismentsiy 4o mmaevedtbisdi ng t o
one enbodi neny; uﬁ, abive % ﬁnuranﬁdccﬁhg.gr@aczﬁng withou | 448i I&;Mr%g RNthei ew
thereof. 5 SUB% TUTE HEET RULE 6% Nov Zoo2 WD, 99161132
PCT/ US99/ 120 A7S'pgdPemaincsallehgis4p fivporestal appropsh s PeabdistiRation pehtorming par t s
per mllion, agsepablebyqiroduetsof fl uorine inlet concentration. Figure 4 is a
graph of o oncentration in ppmas a function of tine for selective 5
*rpounds nmeasured at the outlet of a scrubber unit operated in accordance
h the present iAltemativeofivoriDE abhtemEnt DECHGIQuEST hffthidiGf potditidl MolNGhsOM: thaND
PREFERRED. EVE Ik NEbPhbh 256 Em HciJda Sy hE R8I s bl VBRI dued, 268 afthel ca!
injection to enhance bat ement uor ocornpounds scrubbi ng
treat ment of rﬁaouewehnmand contai ning effluent gas streans. The i nvention
is usefully enployed in sem conductor manufacturing operations in which
fl uoroconPound containing effluent gas streans are produced and 15 require
treatment! or di sdh&PES ?s"@o%aua'i‘n‘lfegaﬁ\f‘f‘ﬁ"‘dﬁBP\”?:da‘BT"é‘gléM‘Wr‘?fﬁr@]ﬁf' Xjith
ef fluent standkdive nateriabnSuiable drp chdndicdlnabill ichyvealF, Sitansiccbusabids or
scrubbi ng techni ques t o ancent rat] f uor 4 ot her
fl uorocorrpourcloﬁg glgﬁscs w“h&ﬁ%?%?#\g‘égb"‘mo hel% e@h sﬁm Qgémorbcq[u ?eafmq'
i npr ovenent |fncto¢mp®zlaﬂywcrehmwelmgsvh&wemfl@lv'?ﬂance of the water scrubber
system and reducing the formati on of unwanted by-products in the operation
of such system Wile the invention is primarily and illustratively
descri bedzlonerel naflt & thepmalsreagtion PRFqagh ‘f‘mahébﬁﬁ‘afférfﬁ\‘ff ‘E?F“bmcufﬁaf’% gas in

an ef II uent S:hzg&@dllﬂ zﬁﬂfﬁzaismclﬁgccﬁ:&;{imcatéchﬁu@;m%sSleétﬂdalalilzlii@’ amésqufrodd&& o

i nvention may be e at e other unds as.wel|l as other

strong oxi di )zlqeﬁﬂatﬁggﬁgxgﬁﬁmﬁ % rgent o %E 3’85? ﬁ“gir;\iﬁ’? PR% rﬁ%“‘f‘?ﬁ/‘é’ﬁt“?%‘?‘f i's
ustrati veIayp@&mcuolne\dattracmbhca‘f t Bre lamomlssffmmxe@s &l bee morrebdliongvateri t) t he

sCrubber appafahis Bidb T3 Riml%elaemkﬂr}ﬁ%ﬁ' B0 s r:%eefﬁ'«ﬁ%y oPmbgHlnat i on

wi th other processes and appar tus
abat ement2%ndgapess dearases 88l 2 fueatienedlt tampewpure.cr !Ibb‘éﬁlm%l eaptpinmant | ¢fzbet i n

conj uncti on Vighfenfattd5didBkquie ©6:§2AdiViOmABridls and construction to prevent temperature-

enhanced corrosion attack.

C

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.
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the present invention, a reducing agent is utilized to increase

abat enent efficiency of fluorine or other fluoroconpound, and to inhibit
the formation of OF2. The reducing agent can be injected as a solid or as a
solution, utilizing reducing agents that 5 are stable to air-oxidation. The
reduci ng agent nay conprise any suitable reducing agent that is effective
to enhance mmwsermval of fl uoroconpound in an aqueous scraibs9g2077

envi ronment. Exanpl es of preferred reducing agents include sodium

t hi osul fate) ammoni um hydr oxi de, and potassium i odi de. The nost preferred
reduci ng agent is sodiumthiosulfate) a non-toxic, non-alkali, readily
avai |l abl e, and i nexpensive 10 conpound. The apparatus of the invention for
abat ement of fl uo€Comparourrd the fotegoief ftieatmrent spti@anshows ngatt matsauibb&ay

i ncl ude nean It or that hgn ern
the fl uoroco?rep%'ﬁécﬂ;g%htgc{térﬁﬁglgf[e flﬁgﬁﬁgggqs&%gﬁﬂ %rertd lFir?‘zeg)(r%!r n@'&%’

adj ust i ng t héorinatioroahddighapetenfial pxatbn consgmpliparproblesnstoae bevgsaveds cr ubber unr t
Such neang may for exanple include a pH nonitoring device for nonitoring
the pH of the effluent streamto be treated and responsively introducing

t he reduci ng agenThesg isaaqcardinglyn@ needl @ihap fafta RO 08 et Vetescrubberfluosiansed pH

val ue. 20 Al hissidient ¥fitem tt:%t»'ﬁn'ﬂnbﬁf?%fésfoﬂ%ﬁoh %%h'\dﬁne'ﬂfbﬁ)(hﬁ%&s SigccaiE or for
determ ning the amount of the fl uorg%g%rrp ound in the eff]uent stream and

responsi vel yIPefineoBRAVAY efﬁr‘fé’"?%&h&' HeIet censertirtonss and, dhat OPFERRY n an
amount and amisimizs «akdetwpen ned by the sensed concentration of the
f uorocogyound. 25 In general) the nmeans for nonitoring fluoroconpound
centration in the fluoroconpound-containing effluent gas stream and
responsi vel y nodul ating the BHMMARYIOBAHR INVENEION agent to the water
scrubber unit) may be widely varied) and utilized to mnim ze the anount of
added reduci ng agent in the abatenment of the 30 fl uoroconpound in the
effluent stream Threpissens drieniany edtatdsole it APRETAES i methedhtfora pleatasmrnhiof of
f1 uor oconpouRgsrosdtgbufds fshdhOhl Mokl Nd" g&i@&rsnau&memﬁmﬁ hérhu&R D aRGfHs
fluorine abatenent (relative to water UBSTI TUTE SHEET ( RULE 26) 2 ~ N
0 V ZOp~ 190 9u&ning LT/ US99/ 12077 scrubbr ng in the absence of such
chenical agent) while maintaining acceptable levels of OFZ. Figure 1
schematically illustrates an. rat used to char ef fl uent gases
5 and t enper at ur einr of’)}%c & m%QrR% lk@s tprocess fgr %%Er?l %@orlgco cti
aut omat ed gaérothedn ef@nsnt yernt mr@l@qmlsqﬂpfemmdnﬂx m@st"fgl thev ges pirqap Wéh gn~s used
to generate Lo Heeﬂﬁﬂ..amé fiésehle of Hmrrrcmgurg%ﬁt st &dmﬂn'mrogunme
scrubber. A water scrubber unit 110 is provided for effluent stream
treat men20 ApmimeEivELySEpXidepotgspinm,jpdids, °"S‘BFUB‘ber unit 110 is a packed bed
counter-current fl ow polishing unit 120. 10 In order to mnimze corrosion

at the inlet of t rubber b) %‘& {)t on 130 oftt?ern et _may be
Log with i okl arousrEpea R ciolEhSp BRlek LR Ephaf RS Al ien Y, o
8rper at ur es flubrobompauhe irsgr effiiret steeam copaiungimat incledieg t aditgysemeblser Libiti n
order to ”D“i)&r% ih HowPk, Pag‘c?:?s'ﬁ. d\UﬁH[}Q LFﬁn%PﬁB&HFd?ﬁpo%&?&% mn%@ﬁru%l ment
system na moni't ored r? sulta rocess nonitoring
and cont 29l gymgemfwrrbrqhergﬁgf ecﬂrﬁmcemp%mé ch‘ﬁ‘F‘i’ affg'enta%@rmewghansmgé

speci es presghdciag atraﬁcﬁg ragéhbgrch%m tR6SBIAE, BMIndniir® hydtobe, pblassium
spect rophot onet er, M DAC 1 -2000 FTIR sp eceOrﬁophotorreter

conmer ci al | y i bebe Bkt ing R HaleREoreRiep BRiL o ARl taefudiorompPYng: theeinand | ysi s,
The unit is @ﬂmdape@l whhrh:ca éXitehk edf- e@@dveﬂ of athe Cfhhdrocbfpolit/ i fefhtige t ®@NaMEL OF
pat hl ength, wth Zn ? C?’ gﬁrd ni.t r.ogen- cool ed MCT detector.
The spect r onSPEFP? "EgesP'ﬂﬁ'f‘ %%{5'?8?) r?ﬂ"@’" RTTY BYse H@fgsettr ngs, e.g., to

average B6 scans covering the spectral region 25 between 600 and 4200 cm ~
ataresolutro CLd I~ Clo

g.) every ﬁ?"s@cogs R ‘lt;fr !hf)r“(')‘(/erﬁg(](’arl (r:%érgfr Ir?u%u ﬁ?@gFm?maﬁg‘JﬂL%lﬁrﬂ{ﬁQ on t he
nature and coomwmpndingt i on of the species of interest. Accurate quantitative
anal yses are suitably achieved by calibrating the analyzer in situ using
known Si F4 and HF concentrations. Oxygen difluoride (OFD) absorbencies are

converted into concentrations 30 using a quantitative spectral library
i ssued by ML17AC Corporation. Fluorine‘qas is analyzed in a continuous node
using a gas sensor cell 160 such as an Fi specific Pure Air gas sensor cell

(Pure Air Monitoring Systenms, Ine.). This s SUBSTI TUTE SHEET ( RULE 26)
SUBSTITUTE SHEET (RULE 26)



2 6 NOV ~~ WD 99161132 PCT/ US991 12077 el ectrochem cal sensor utié)i Zﬁ@ gzﬁ
menbr ane gal vanic cell technology to nonitor | ow concentrations 16 >Yi 02
gas. The sensor is specially designed for in situ nonitoring of F2 under
wat er vapor-saturated conditions. In order to provide continuous anal yses
within the detection limt of the nonitoring device (3 ppmFZ)) known flow
rates of scrubber 5 gas exhaust are diluted with netered nitrogen fl ows.
The conbi nedvébg/@aasy i s i ntroduced into a m xi ng chanber | $E1/@8dspged Wi th
the Fz sensor. The nonitor responds to changing F2 concentrations. The
concentration data are |logged into the conputer at 30 second intervals.
Accurate quantitatiye resuI'Is are achi eved by calibrating the sensor
agai nst knowd SE’(‘j‘l‘ﬁ?@%lcfcﬁt"?aBH§°[B'I’“ngZ9°°isd’“l*—‘ipé‘tﬁ’r“g‘“éﬂ‘? uept gAoTicarB ceNAnIngn vi ew
and Fi gure 2R fiwraofmipondehmvati on vi ew of a water scrubber 210, which is of
a type simlar to the water scrubber unit 110 shown in the Figure 1 system
The water scrubber operates using a vertical co-current flow of water and
t he cont an nahaegpayatss S amting flYko@mpawtd iv thesffbenteas streemhyammisinged as t hey 15
interact with water in a high surface area packed region 220. The resulting
liquid fallls to a water reservoir or sunmp 230, and the resulting scrubber
gas stream exits uhwatesserubligewnit fior gastiquid comacting;al duct connected to a
bl ower. The water dynam cs of the water scrubber include fresh or nake-up
water flow ng into the system water draining out) and continuous
recircul ati on of vngaes fosingpdusingihg Ruoregompomglecontpinengréfneyt gesritreamtto thee 20
scrubber is enhangggr sshtbedr ghigount er - current packed polishing bed 240
installed at the gas exhaust. The inlet 250 is nickel-coated to m nimze
id depg8sits and protect the entry fromcorrosive attack. Gas and water
tenperatures w t hireaisfor IREHABISY a ALGrotRMUAEFEdEded RFMRNE plsaGt AR fRRl HeS as
identified in Figures 2A§band._28. 25 The features and advant ages of the
present inventi on VAL SHTRRCET Yy T"ifj shown with respect to the foll ow ng
illustrative exanples. EXAMPLE 1 30 In a system of the general type shown
in Figures 1 and 2, : i j us,i ff] yent
stream sinul ati nggé?ﬁpﬁéﬁgﬁgg%%?:gtaghflgﬂé’}%ﬂg@%oggﬁg&‘@F téch én'%tnu gdcg’tb ﬁ' iur'?g
facility By cl eanprdyamingpd 505 iaredusing iresycing agent te thegw sleipRTbFOMMiSEIRE ( RULE
26) 2 6 N OV 200Gt Réidi1132 PCTNS99/ 12077 Table 1 bel ow sunmari zes
results for the abatenment (destruction and renoval efficiency, % DRE) of
SiF4, with and without the injection of caustic. The abatenent in this
i nstance did not [Thelserieordoetor nihmdskinringqirocess anir mckueh figrility Gy . beSofFinyed
concentrations., (30 p Lhlic etrafl i with 120 sl pm
of nitrogen \Rglrta(ﬁel %F?‘o%snug%gt‘?rﬁé% atﬁ%"}v&\l/a{egec?iog%% %g’ra’%lf‘h@ggpér%eﬁ%g\lfogl
condi ti or?® weshambdiowperizen cpitgyiab gwth chambsrceretrhingftealent gas concentrati ons
rel eased during typical plasma chanber cleans. Abatenent efficiencies were
nmeasured as a function of water flow rates (0.5 and 1 gpm, and scrubber pH
i th and wi t hout OMBEGSPREELs; fRgtaes pashgmbodpmenys) of thesipxentign s mareifgiiy ghown
%s ured scr ehafaftenahd will bmert faly aspasenofrotithaéiuiby kdsclogire afd hgpshded above
the detection,l.imts of the spectronmeter and significantly below their
respective t51%¥8kol d I evel values (TLV) (SiF, TLV = | ppm HF TLV = 3 ppn).
15 Tabl e 25: Sunmmary of Abatenent Results at Fixed Inlet Challenge of 300
ppm SiF,, in 120 sl pm N .gg D 1%;%@%&2@%
cone. Si FAYDREI nj ecti on?c ; —69) 0. 470. 399. 860. 5No
(3.50)0.460. 399. 861Yes ( 10.5)0.150.199. 950. 5Yes (10.8)0.130.07599. 96
EXAMPLE 2 Fl 450 ¢ idA@hérhi¢/of & leSSsefup MEHdNS ciRPicipieOefucht e ant! (PRpARLE.
delivered into a 25 Vector0-100 water_ scrubber (ATM Ecosys Corporation,
San Jose, CAPrefHssdufing abalemesheiF2and Rifa passi vated nanifol d. These streans
were diluged with 50 sl pm of bal anced nitrogen resulting in chall enges

- O - - -
between 1 anq:igu{% F2A' isI Q f?oq)glc}elv:?lpo’n 5ig\9 (sz]: %%Ee? &8};&9%%%%%03&%% n%ULE 26)

embodiment of the invention, and Figure 2B is a side elevation view thereof.
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2 6 NO V Z002 WD 99161132 PCTNS99/ 12077 of residence tine wthi g él@
scrubber were studied by increasing the nitrogen flowrate to 20 ¥.2002
The perfornmance of the scrubber unit was tested using standard (1.2 gpm
and low (0.75 gpnm) water flow rates. Sodiumthiosulfate was used during

hi gh fluorine gas challenges to inprove fluorine gas renoval and to
elimnate the formation of ~F2 as a by-product. Table 2 summari zes the

experi ment al weabgyzand il lustrates the enhancenent achi evq,(j_.T &hpction of
sodiumthiosul fate as a reduci ng agent. 26 NOV zZ2-O né?é{lwhz Tabl e

2: Summary of Fluorine Abatenent Results PCT/US99/ 12077 Test #Water Fl ow
(gPm N~ Bal ance (sI PmMF, Flow Rate, (sIPmF= inlet (PPnm)Chem Enhance ?HF
Qut. Conc. (PPSyES Bui graphagoutley ﬁwwexcimw%m imPARS PerpEiamy a8 & functionegfj v

(PPmM % fluorine inlet concentration.

Figure 4 is a graph of concentration in ppm as a function of time for selective
5 compounds measured at the outlet of a scrubber unit operated in accordance with the

present invention.

DETAILED DESCRIPTION OF THE INVENTION,
AND PREFERRED EMBODIMENTS THEREQF
. 10

The present invention utilizes chemical injection to enhance the abatement of
fluorocompounds in water scrubbing treatment of fluorocompound-containing effluent
gas streams. The invention is usefully employed in semiconductor manufacturing
operations in which fluorocompound-containing effluent gas streams are produced and
15 require treatment for discharge or compliance with applicable environmental effluent

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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DREI 1. 2501 20000No7. 51. 51. 256. 599. 9721. 250240000N0122. 5311. 599. 973]2 25,886000
ON01520431. 599. 9540. 75500. 510000No40. 5< 6 V 2002
13. 599. 9750. 7550120000N0611599. 9860. 75502. 2545000N020552099. 96?0. 7550360000
No2850107499. 8880. 75502. 2545000Yes2. 250. 5<11. 699. 99690. 75200315000Yes2538<
150. 599. 7100. 75200525000Yes42120< 114199.4 5 Percent destruction and
renoval efficiencies (URES) were determ ned using the standard expression
YORE =100 x let Fz Equiv. Inlet Fz 10 where Inlet nts
fluorine inle ”é%ir?téent ration in ppm and Qutlet F2 Equiv. P /ﬁ%[??l ?l.lgd as:
Qutlet F~ EQuiv. _ [Qutlet F~ conc.]~", + ~h[Qutlet HF cant.]~ , +jQutlet
OF? conc.]~m 15 Under all conditions investigated, the water scrubber
renmoves over 99% of the fluorine delivered. It should be noted that the

renoval effici encmeﬁ,e%%se,nuﬁvehfbnTat}L&m% ragét: essamzecpea frRfeARNGE aferhdf
reduci ng agent - enhanced wat er scrub great ment of the invention under

wor st case sé&Hisignpyef fjofine ?'e%'ﬂfé@f““f’ﬁf’“ﬂﬂ?é“‘bﬂq t9dptibipthe darmatonof QFy. dhei ng a
conventi onal rahasga DR infebe@Bs a sAhidYBST kJlblidn, SHIBATE feRidide 2Bats thae 6 N O
V ~~02 WD 9916113 CT/ US99112077 st_inportant| t he tabul ated outl et
concent rafi oA $ahl¢ & aiPxidptiong oTha Tedpaing,sFay MAY CPRBSiARY itiale edpeiRgied and
conti nuous dggdny @t @feffebmr tonenrgaa: thltrembm cscmda&mmpo&;ddﬁpemdqmu@n the
initial F~ concentrati.on. lg:l ﬁ g gr cl eans are Q %
fraction of PHEP ‘?Ereenﬁ'é?f'&eg[a ragp eéa%hpfeﬁeé'ie GHG18 ABTIY ‘Eﬁr%? S“m
illustrates tmésuﬁﬁtb,eaﬁmafmmmydmxnds.eanarpo:fatsumr mdeiealimmmnpre&fréa eedecify. As
expected, make- t C u is a
limting f acf8Y" ist)s un 4191%‘;1?21%3%)&‘2 'E? aﬁﬁ%[' QQJIG%X?{ B ag&lﬁn\éﬁ?aegélv
ancendft , c@ﬁimmdncentratl ons at the outlet of t he scr ubber exceed 3 ppm
en deliveri ng appr oximately nore than 3% and 6% F2 (50 sl pm Nz bal | ast)
using 0.75 and 1.2 gpmwater respectively. Tests 8 to 10 (see Table 2)
denonstrate that 'EPFe?ﬁPé‘aF“SPﬁ}'EdBYCBWW fon pbsrementpfAlyogecomppy ip thegdfivant on t o

enhanci ng SC%M&H Bangeirém&d ﬁﬁ}CMcluEOfncﬂ?ﬁéfBﬂ)ﬂnemtoth ﬂemedm;maﬂa %nc&ﬁﬂdbﬁ' ons of
tests 6 and 15 ar Q exception of e|v%r%

cheni cal enh&h@éﬂrscncﬁﬁgﬁk‘e F°’P?1‘]"é°(9f’?%ﬁ’"&é’5?%§ BEnt 478 SYEYP-etNdC ?Pé’@?ﬂ’ étl ons
of HF and5Fz atjystimgftisecinmoduotionld ratucing egene@asieswitbrAcmbbrr@nitr at i on t o bel ow
detection limts. Figure 4 shows the scrubber sunp pH and exhaust
concentration of IiF and FZ as 20 a function of time. The graph

denonstrat es t hat Seghansenhmay, fps exmpleinelyds  pH impnjteringdeyicy ferenanjtetingthel a
function of %t&rth@ému&‘@@&d» mtﬁaereuearendi&pmsteay iRRBEARE {hatrécﬁ&n?fa génd

rel eased during typic chanber cleans is ngggco stant. During the initial

st ages, nost a@’“&@ﬂd&@ba"i“}‘f"'t??ére'é‘ﬂéﬁfﬁé‘FSF%se J2% react with Si02
rel easi n@oSi F4 gas. It is only after Si02 is depleted, that excess F2 is

di scharged by the

tenperature data é‘!)t‘g%t(':‘,f@d% :‘.HI) %hscﬁﬁ% '&ﬂ@ggk% aé?tcga%\? (%{'ﬁ&sfo Bet%'%\m"ér at ed

by exot her i ¢heraramnt ofthe |ﬂ90re¢¢mnd/e1 the dffblsm;ﬁawu ang responsively lsthdubbm The
Yy Measur bleeh RRCIgRhutb InClARGP Sty hGERLACHAING rElE dbBiminky yer 1 Nl et

entry at the tirst interface between inconing gas and water vapor.

maxi mum t enpépedscenti dhestporqegipaundC to 25 C (~T = 9 C) was det ect ed

during the highest fluorine chall enges The heat capacity of the |l arge

vol une of recirculatin ter co d.w.th_heat exchange with the

surroundi ngs ef f eh\ igﬁ'é’?%;y\gﬁe??ﬁ‘??égfb of H‘é""ﬁ%’é’fg 88?{8?%?@8“%f%{‘$$8"ﬁ398r‘8| Pei s of

F2. 1 n addit ifnbojoco@paindHaoritaisiapt efflugnsgasf stemny aad oresmnsingly emodulating the

deterioration S 9/ 61132
beT! US9! 120 Jretustign; gun‘#‘mﬁs‘@ i o WS- eine %‘hbb"‘g‘é'ﬁbg%g’r%( il %\?ﬁ‘g e oo ry
system aft emtlbmdptoemmmlzeme hmou@s@fsadd@veMinx agaet incthabibetemenrisofetiposed
and effi cgoentt-}uxm@ﬁ%&,qdq{thgef@]ug,g§ma(,pr the equivalent of 855 liters) of
fluorine gas foregoing data illustrate the advantages of the present
invention in providing enhanced renmoval of fluorine gas froma

fluorine-containi fge Eifeéénvﬁmmfoh ra@@Bves biickht L&téxﬁ&t bmﬂm&doﬁfde§ SIRACR
described herein with reference to specific_enbodinments and features) it

will be appr dBPHPRYSIRJedpcing; ¢ %‘F“‘éf‘hf‘h&“’]ah‘iFeﬂP?rHﬁ phatement (1518EVe oA, but
enconpasses ot her variations, nodifications, and alternative enbodi nents.
The invention is, accordingly, to be brpadly construed as conprehending all
such alternative variations, nodifications, and ot her enbodi nents within
its spirit and scope)
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15 consistent with the follow ng clains. | NDUSTRI AL APPLI CABI LI TY_The
apparatus and nethod for point of use abatenent of fl uorocorrpoundz GoNO¥hg002
instant 20 invention may be industrially enployed in the renoval of

fl uoroconpounds fromeffluent gas streans such as sem conduct or

manuf act uri ng processes producing a gas stream containing a fluoroconpound.
Sem conduct or processes wherein such fluoroconpound containing gas streans

ori gi nate i ngbYwggnPl asma reacti on chanbers, chem cal vaporpcdap9&Hidi-on
chanbers, vaporizers, epitaxial growh chanbers or etching 25 tools. 14

SUBSTI TUTE SHEET (RULE 26) 26NOVZf | 02 THE CLAIMS What is clained is: 1. A
process for abating fluorine g}as and seous fl uorine-containing conpounds
in a seni condGEPBINE ik g REtENER 9 ﬁ&‘:hp“rhﬁf‘,'g@sag@%&E{Bﬂ&mémpfwccm%ﬂﬂﬁlﬁg’psarre,
sai d process @eypri sing scrubbing the gaseous effluent wth an aqueous
mediumin a water scrubber unit, to yield an effluent of reduced fluorine
content, and discharging the effluent of reduced fluorine content fromthe
wat er scrubber uniFigurénechbmatidadty ilueuwavssias iapghratiy Wwed {orthafattbzetcfuenBgaeés

scrubber it reduci ng_agent  co i sing a st cqnmpound sel ect ed
fromthe 3{ 0 %C%WE?@HC?\B‘O ess‘iﬁ’&‘f‘gﬁ{'et ??ab%tﬁ‘# 3% giﬂﬂl%a iﬂ’t‘r?rp%ﬁf%s, in an
anount and atdeliversin@anifoldegnippsipeitid masdlawocanonibastsruaed mngenératel thonikmgengas and

gaseous fl uorjnescond.ai ni: i i GO i ng
rocess gasectis g Sif it SRANANSb the WuBEL APHEELAeEPLH! 6 W 1T, o
gas and gaseaquevifi¢d for ¢ffluent streami treiatieent obibrextisust ofghe watetiscybberamis 180 islaient |

wherein said &?y&%‘b‘é&c&fnftér-léﬁﬂém‘F\Q@?oﬁ&ﬁng%ﬂtli‘é.n NF3. 2. The process

according to claim1l, wherein conditions are naintained in said scrubbing

t to stbpress formation of OF2 . 3. The process according to claim1,
erein the reduciipgrd@g®thininied 6#RSiok acthe! Midt B MSWLABeR, thd fhetal gorhiVIRP~ 4.

The process accordjng to claim.]1, .wherein the reduci ng agent 1 ncl udes
pot assi um i odifd¥ "‘? 9‘%8"' ‘iﬂaffgé”éé "éf’ggld’f afhﬁbcqr(?s'ﬁ'l"é‘isﬁfaﬂ?mﬁ'égei n the gaseous
effluent after said scrubbing is thermally treated in a thermal processing

unit. 6. The pr OC%&% aﬁ& Qv%{eg ic%ﬁ)e%ﬁlé%le\%i(m ilh'c SME&SHLO{’HLL?UEEEF%%%CQ]C f lglltlsent s

thermal ly treated 1n a therm SSIng uni 0 sal d scr I'ng. 7.
The procebs aocudaditegnonisorcthe ipracess durieg tierabsiamentueeaeshi Hep ahatement systegy

current flow gfy tGomiasraPrssSanylshidbfheANL & NEpBAYERBSIIIRE aHdTorfrol SyIRnP! OCESS
according to cllaim 1, wherejn the senm conductor manufacturing process

gaseous ef f | UBFAPIIBBFIPRRERs f | yent of a seni conductor process sel ected
from

Infrared active gas phase species present at the scrubber exhaust are drawn into

20 an FTIR spectrophotometer, e.g., a MIDAC 1-2000 FTIR spectrophotometer,
commercially available from MIDAC Corporation, for quantitative analysis. The unit is
equipped with a nickel-coated gas cell 150 having a ten-meter pathlength, with ZnSe

. windows, and a liquid nitrogen-cooled MCT detector. The spectrometer is set at
appropriate monitoring settings, e.g., to average 16 scans covering the spectral region

25  between 600 and 4200 cm™ at a resolution of 0.5 cm™. Full spectra are periodically
collected, e.g., every 30 seconds, to provide continuous, real-time information on the
nature and concentration of the species of interest. Accurate quantitative analyses are
suitably achieved by calibrating the analyzer in siru using known SiF, and HF
concentrations. Oxygen difluoride (OF,) absorbencies are converted into concentrations

30 using a quantitative spectral library issued by MIDAC Corporation.

Fluorine gas is analyzed in a continuous 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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the group consisting of plasma reaction, chem cal vapor depositi o?, oV 2002
vapori zation, epitaxial growth, and etching sem conductor manufac lﬁN]
processes. 9. A process of manufacturing a sem conductor product generating
fluorine gas in a gaseous effluent thereof, and abating said fluorine gas
by wet scrubbing the gaseous effluent with water containing sodium

t hi osul fate, wherein said gaseous effluent does not contain NF3. 10. The
process accefgléong;sho claim 1, wherein the gaseous effl uenpcﬁgggp,ﬁogg
effluent froma plasma reactor cleaning operation. 17 00?. 11.
The process according to claim1, further conprising nonitoring a process
condition of the gasequs eff| uent correl ative of the concentration of

fluorine gast!BGRPCRFIRIER FENSPT B I2FHBAS dRAMDEING 3ty aRie SEb IFRBROIQEY 4P aRanitonledy ei n t he

concentr at i ogbpedntrtions@AsdxiOge. The ﬁmodlsfs};mwes,gaa farAl sPAmERUSFing of F,
fluori ne- contalnln aci)rr%r’gounds is vari tinme, and inj ectln .the

reduci ng agetftdel Wa%h vaprpsaliraigd pandtions: r?'%cél“ﬂprm'ﬂi':é%‘g‘“ﬂ?}ﬁcﬂ‘ Y58 Withip pr oduce
sai d ef f | uenge @ttecremhtionid of ithﬁdrii‘lﬁrmgOcﬂHv&BT(B PH8\HL)) Gnéwip Bowarhtes dessnibbes | on and

I fici YOR h i d wh
Concent r ot | offs Rt e mithred BiBYEon o TG i Ry SR ool ¢ o
abat i ng fl uointne miamgarhedmbasEOusuippetd with ehec B banisori n’gha:mmpmmndspohms ) .
e Ot OlhaE FECHMEN IR OIS ARERY Sak bl R iRl 3P4, S21 ¢

process conpri scr aseous e wat er
scrubber uni aepoxtdomyqr'eﬂlaj Ancugdté nmmatlm‘ reswlt$ Lece dchiidved bly rcellbretmgethe ,semnd

di schargi ng g,gﬁ, Hr:!déﬁ%f f reduced fluorine content fromthe water
scrubber um%ém]S urt er conprngl ng injecting into the water scrubber

git sodiQJmthl osulfate, in an amount and at a rate in correspondence to
ncentration of rf;guerzme adfbht ABvAhLORSRAURA FHighy 2§ £a8d ﬂbthBﬁlends in

t he sem conduct or @P% 3 }‘ g rocess.gaseous effl lﬁ% to substantially
conpl etel y r WA rbbey2 kY, which 150l dype SImilELIOAbe Watey SEB1OPRIROHO shewm ip
conpounds fr @8 FEgirél 1gsgsaﬁusrhefvfalndneahbbei3per&e§emg:mdnﬁeilofo ciErentf R of | Ng

ef fl uent abaterrentdpg r|5|n ctlg si,sted reaction

: aS
i nvol vi ng per?lfﬁ?)'h hate 3'615? gene['"at eate 6‘%“6%3‘5“"’3 = ¢ ‘W?} TS B uor i ne
gas and 13 uoiniemast withliwater &1 a high surfaceGardiPrckRdegionA0o Tihn gestlting quwd édls tgas i n a

sem conduct of waRPWAGH PIRC ERPL WsuGhe ribbeCERIREDN cHiiThe AT 01 NG

from the sem conduct orllllum?ac turl n% ProCeSs a process gas e
cont ai ni ng athfqueh aysiigalyctegpresise fo blowerofhe WEFSW)Wém{f&§ ‘&ﬁa'aggagré@hbsr

fl uorine connabé rf@sleaimamd@ wilel flowingbiatonthet Sietem Q@dﬁéi'sdrgﬂﬁlgeifnft,' ggnt in a
wat er scrubber .uni t.0 yl.el d,an ef{ | uent of re ge %rl ne c Ent
di schar gi ng ‘E‘H‘E"'é‘?“lslrﬁ'ﬂﬁf' a4P1 O6 FHEE §OFSALIB T SR Nt S\A’Eé
scr ubber20 scrubber is enhanced using a counter-current packed polishing bcd 240 mstalled 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 1 and 2, abatement of SiF4 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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unit; and injecting sodiumthiosulfate into the water scrubbing un2t 2@&
annunt and at a rate in correspondence to concentration of fluoriné gas a
gaseous fluorine containing conpounds in the process gas effluent, to
substantially conpletely renpve said fluorine gas and gaseous

f1 uori ne-cont ai ni ng conpounds from said process gas effluent. 14. A

sem conduct or manufacturing effluent abatenent nethod conpri sing:
conducti ng awpleagimeez assi sted reaction involving perfluori perargegasrt o
generate a process gas conprising fluorine gas and fluorine radicals;

enpl oyi ng the process gas in a sem conductor manufacturing process for etch
or cleaning use; c t cto actu ocess a
process gas effl u’gar?f con’tglé‘{nssa "8‘9?% ,Q&]@%P &gqga%'?eni é&?‘f}bﬂﬂ‘g a{"% 'ﬁ?‘P ess gas
ef fl uent; aneffigiency, % BRE) of SIF-ZWﬁlh@Ed wntmm@luonjnglon@f tévetiordhe soaterhditirg at

| cast one of A3k kY REHLLA fie RRSIRADASA] Wilddds. 10 enhance abat ement
of fluorine gas In € process gas uent éln t he process gas

ef fl uent does not contain NF3. 15. A process for abatenent of gaseous

f | uor ocompound( s)pkdy Ansé QR fim) TRAHEGCAARACEIRED ich 1283 fBm
containing time-varying concentration sal aseous uoroconpo nd(s),

sai d pr ocessofcuwpgen dverryintrednced g the yates peralber. nEhet qxgerimantal sppditians evess i n

vertical dovmweé.ﬂofr ayew&fax@ea/@mmnﬁ%hs CORELHErAEING rJléa@é’M dafnng/a)pfdal plrasraa packed
scrubber bed, to ‘iaf‘f réze wat er active sgem es of th ffluent
\{

col I ecting vehembes batgsns egiepeicsese easu'asé%a%&*q"r?f&%ﬂew "'r“é%er Voi r;
recircul ati ngxls:@;kd e%ﬁﬁl M?tslaambsdrmﬂ mntdar¥kaW&ﬁout eARMY ijéctibd)l Akl cg&eeur rent
contactipg; flow ng the e uent streamfr nlsal t_con ing to a

cod pbfi siieni e siibRier DR SpebHiaR of 407 38 SHE el R of r cam

th wat er; dhose hardpteatioralitniteaf el spécirometet ast sngmfnahﬂpmlewalthbnpmﬁ&dve
pollshlng be r Qry ef fl uent stream
and |nject|nb“?@g?h%gfhﬂ%%ﬁ§$§?§%|ﬁtga|d% dcurrent 5% facting, in
proportion to said nonitored fluoroconmpound and in an anobunt to decrease
concentration of HF and Fz in said effluent streamby at |east a factor of
10 and to decrease concent;gtion of Z to below detection limts. 20 2 s
Nov 2002 Table 1: Summary of Abatement Results at Fixed Inlet Challenge of 300 ppm SiF4 in

120 slpm N,.

Water Flow rate Caustic HF conc.| SiF4 %DRE

Injection? conc,

(gpm) (pH) (ppm) | (ppm)
1 No (3.85) 0.47 0.3 99.86
‘ 0.5 No (3.50) 0.46 0.3 99.86
1 Yes (10.5) 0.15 0.1 99.95
0.5 Yes (10.8) 0.13 0.075 99.96

20
EXAMPLE 2

Fluorine gas flow rates ranging between 0.5 to 5 sipm 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% Fa. 1In addition, the effects
10
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16. An apparatus for abating fluorine gas in an effluent gas stream
contai ning same, conprising a water scrubber unit for gas/liquid2g NOV 2002
contacting; neans for introducing the fluoroconmpound-containing effluent
gas streamto the water scrubber unit; neans for discharging a
fl uoroconpound-reduced effluent gas streamfrom said water scrubber unit;
and a source of sodiumthiosulfate or potassiumiodide, operatively coupled
wi th the watwossrnabbi ng unit and arranged for introduci ngcsaisshngse@di um
thiosul fate or potassiumiodide to the water scrubber unit during operation
t hereof ; said apparatus being operatively coupled in effluent gas
streamrecelv C i facjlity
produci ng thefl lgg?{ngéﬁwqugmsﬁ?tééa}um@oezgllm(ﬁ%g@%?% % gr‘%rﬁhwﬁ ™ fr§{ ‘e or
pot assi um i odi2®e sipsi- nljheaperfawg@ep ofdhg serybberumis V@amtf«dmmaﬂstamnmtl 2 gpmdecr ease
concentratiop, e a fact or
of 10 and to 32%?2532@@315%3%{?%%5 g?&:@zﬁﬂ l?%ﬁ el %m[dg%:{??&ﬁi‘ 'flﬁ‘grﬁ %s.

CA3L. A. ANO. Aga,s chalenges AodmprovefJuoringgas removal and to cllmmate the formation of OF; as
9. AL. AYI r RbketA- A Al uY. Chgs[c) h
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10 where Inlet F; represents fluorine inlet concentration in ppm, and Qutlet F; Equiv. is

defined as:
Outlet F; Equiv. = [Outlet F; conc.)ppm + Y2[Outlet HF conc.Jppm +[Qutlet 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 effluent gases released during a

conventional plasma chamber clean.
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5 depending on the initial Fa 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% F, (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

1S 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 SiF4 gas. It is only after

Si0, is depleted, that excess F, is discharged by the tool in significant amounts.

25

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 F,. In addition, no significant signs of corrosion or material deterioration
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equivalent of 855 liters) of fluorine gas.

5 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 fluorocompounds 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 deposition chambers, vaporizers, epitaxial growth chambers or etching
25 tools.
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What is claimed is:

1. A process for abating fluorine gas and gaseous fluorine-containing compounds
in a semiconductor manufacturing process gaseous effluent containing same, said
process comprising scrubbing the gaseous effluent with an aqueous medium in a
. water scrubber unit, to yield an effluent of reduced fluorine content, and discharging
the effluent of reduced fluorine content from the water scrubber unit, and further
comprising injecting into the water scrubber unit a reducing agent comprising at least
one compound selected from the group consisting of sodium thiosulfate and
potassium iodide, in an amount and at a rate in correspondence to concentration of
fluorine gas and gaseous fluorine-containing compounds in the semiconductor
manufacturing process gaseous effluent, to substantially completely remove said
fluorine gas and gaseous fluorine-containing compounds from said gaseous effluent,

wherein said gaseous effluent does not contain NF;.

2. The process according to claim 1, wherein conditions are maintained in said

scrubbing unit to suppress formation of OF; .

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

thiosulfate.
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5. The process according to claim 1, wherein the gaseous effluent after said

scrubbing is thermally treated in a thermal processing unit.

6. The process according to claim 1, wherein the gaseous effluent is thermally

treated in a thermal processing unit prior to said scrubbing.

7. The process according to claim 1, wherein said scrubbing comprises co-

current flow of the gaseous effluent and the aqueous medium.

8. The process according to claim 1, wherein the semiconductor manufacturing
process gaseous effluent comprises effluent of a semiconductor process selected from
the group consisting of plasma reaction, chemical vapor deposition, vaporization,

epitaxial growth, and etching semiconductor manufacturing processes.

9. A process of manufacturing a semiconductor product generating fluorine gas
in a gaseous effluent thereof, and abating said fluorine gas by wet scrubbing the
gaseous effluent with water containing sodium thiosulfate, wherein said gaseous

effluent does not contain NFj.

10.  The process according to claim 1, wherein the gaseous effluent comprises

effluent from a plasma reactor cleaning operation.
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one of said fluorine gas and gaseous fluorine-containing compounds is variable with
time, and injecting the reducing agent in an amount dépendent on said process
condition, to produce said effluent of reduced fluorine content, having a percent
destruction and removal efficiency, %DRE, that is above 99 percent, and wherein the

concentration of OF; is less than 1 part per million.

12. A process for abating fluorine gas and gaseous fluorine-containing compounds
in a semiconductor manufacturing process gaseous effluent containing same, said
process comprising wet scrubbing the gaseous effluent with water in a water scrubber
unit, to yield an effluent of reduced fluorine content, and discharging the gaseous
effluent of reduced fluorine content from the water scrubber unit, and further
comprising injecting into the water scrubber unit sodium thiosulfate, in an amount and
at a rate in correspondence to concentration of fluorine gas and gaseous fluorine-
containing compounds in the semiconductor manufacturing process gaseous effluent,
to substantially completely remove said fluorine gas and gaseous fluorine-containing

compounds from said gaseous effluent.

13. A semiconductor manufacturing effluent abatement method comprising:

conducting a plasma-assisted reaction involving perfluorinated gas to generate

a process gas comprising fluorine gas and fluorine radicals;
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effluent containing a time-varying concentration of fluorine gas and gaseous fluorine-
containing compounds;

wet scrubbing the process gas effluent in a water scrubber unit, to yield an
effluent of reduced fluorine content;

discharging the effluent of reduced fluorine content from the water scrubber

' unit; and

injecting sodium thiosulfate into the water scrubbing unit, in an amount and at
a rate in correspondence to concentration of fluorine gas and gaseous fluorine-
containing compounds in the process gas effluent, to substantially completely remove
said fluorine gas and gaseous fluorine-containing compounds from said process gas

effluent.
14. A semiconductor manufacturing effluent abatement method comprising:

conducting a plasma-assisted reaction involving perfluorinated gas to generate

a process gas comprising fluorine gas and fluorine radicals;

employing the process gas in a semiconductor manufacturing process for etch
or cleaning use;

discharging from the semiconductor manufacturing process a process gas

effluent containing fluorine gas;

wet scrubbing the process gas effluent; and
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collecting water falling from the packed scrubber bed in a water reservoir;

recirculating collected water from said water reservoir for said cocurrent

contacting;

flowing the effluent stream from said cocurrent contacting to a packed

. polishing bed for counter-current contacting of the effluent stream with water;
discharging a treated effluent stream from said packed polishing bed;
monitoring gaseous fluorocompound in the effluent stream; and

injecting sodium thiosulfate in said cocurrent contacting, in proportion to said
monitored fluorocompound and in an amount to decrease concentration of HF and F,
in said effluent stream by at least a factor of 10 and to decrease concentration of OF,

to below detection limits.
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said water scrubber unit; and

a source of sodium thiosulfate or potassium iodide, operatively coupled with
the water scrubbing unit and arranged for introducing said sodium thiosulfate

or potassium iodide to the water scrubber unit during operation thereof;

said apparatus being operatively coupled in effluent gas stream-receiving
relationship to a semiconductor manufacturing facility producing the effluent

gas stream;

said source of sodium thiosulfate or potassium iodide being arranged to
introduce same in an amount to decrease concentration of HF and F; in said
effluent gas stream by at least a factor of 10 and to decrease concentration of

OF, to below detection limits.
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