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APPARATUS AND METHOD FOR PO NT- OF USE ABATEMENT OF FLUOROCOVPOUNDS
BACKGROUND OF THE I NVENTION 10 Field of the Invention This invention

rel ates generally to abatenent of fluoroconpounds such as fluorine and
gaseous fluorides fromeffluent streans containing sane) and nore
specifically to the use of a wet scrubber apparatus and nethod for abating
15 fl uoroc\g gunds i n sem conduct or manufacturing, e.g.) senm conductor

manuf act ur ﬁg’g‘ﬂ sma processes. Description of the Rel af&HUR12077
_.Perfluorinated gases are widely used in chip manufacturing to generate
in-sine F2-.. . 20 and fluorine radicals using plasma-assisted r j

These highly reactive speci eAPBARANUSANDMETBHOMDvVe silica m‘\wﬁ\ﬁ@“\ﬂmm‘
chanmbers or to etch materi s vt Ly Ldes) or p rom
waf ers. The nobst conmonly @s@ﬁﬁb@%@%ﬂg@r uori nat ed speci &siféhcl ude
CF,,) C Fb) and C3Fg. Nitrog@F FLUORQCOMPQUNDS and sul fur hexafl uoride

((SE) areratso uidely used erfl vor nat ed comounds (PFCS) oMl

three add four order;s of magnitude higher than GO . Moreover, PECR RN €
extremely stable nolecules having lifetinmes in the atnosphere of. t(ﬁousands
of years. Even though the sem conductor industry is not the |argest source
of PFC em ssions) the industry is actively pursuing strategies to reduce
PFC em ssi ons and to protBACKGROUNE ORFHEINVENTION)oi ng research to reduce
PFC em ssion levels falls into four categories: optimzation, use of
alternative chem cal's) recovery/recycle techniques, and abatenent

-'-")pr ocesd@s. Fizldofthe Invention zat i on i nvol ves adj usting the operating conditions

in the reactor SUBSTI TUTE SHEET ( RULE 26) 26 NOV 2002 WO 99/61132

PCT/ US99/ 12077 fo achi eve enhanced PFC conver sSi within the sem conductor
T Saveniary elnle ey, 15 SRPTEBL AT HUSHEOMROPHS B ondust or
manuf act ur fngriner emd: gaseowss fhdrides) fRAD effliehi za¢amsn coniteiving astuing,S aste poneli Ng on

conbi hat i offeiealy 10 B RN ¥ ik, ket SpPRATy R HEWEURpRN'T O

“Tungst 8 d8perotampennds ip semisendugiop mapyfeeturing. e.g.csemidopductor manufactedings of NF3.

Recent devglagiiipRteasdsn optim zed plasma clean technol ogies were
denonstrafed to provide up to 9996 NF3 utilization within the sem conductor

manuf acturing tool. -H gh PEC conversions inevitably result in the formation

of hazar doDescription of the Relsted iyt ( HAPs) . Breakdown products include nostly
fluorine (F2) and silicon tetrafluoride (SiF~) gases and to a | esser extent

TTHF and OOF2. Dopddiupiinhid glibs dr Whably Vs Tl dhiY Fahulidieing U5 Bk Ale Rp RS UST abl y

Yfour chanbers

augnent ed ields, conpared to the .initial PFC VoFumes_ delitvered to the
sem co%@uc#ﬂ‘yﬁ'ﬂ&mg‘ﬂﬁ PE‘&'B?’.‘“F&P reactions, Jbese hghly roaetive sprastiatfret r i ¢
conver si onpotuded @ reméve st fond todl tchimiet offtdeick n{digaia)s duklp\as mittides)] S of NFL

coul d pot epiual |g; BLdiiGh hom WARE! Ffe A0S CRARBASI.GYNENSL slLpam of

m conduct or manufacturing process sy d

~” pot ent i al | perfleorinated apegiss inalvde CEin Calisclandi GaEy. Niprogenitiifluaride (NFa)pndofulfed uor i ne

poi nt of use 2 SUBSTI TUTE SHEET ( RULE 26)

gas-resul tj i 0. to t : 5 om
ga oot | WA GRS MED yhid) LB, RORRERLES pimals PGS gl P

with tR pheyp Hrongeshgrsenbavss eates with glabalvarmingarotantisls (FVRE). threp ands ™
esti mat es foaplordefd)bf WRAEKIMIAE HSgher ARACONS Modoves, PRl @@ CéxtbinelyOstabld1e short

dur ati on and ripdic nature of processes using PFCs) the | owe :
concent r at WBWE‘SE? '(‘)‘13' & .‘gg?’dﬁghed&“f’?? cre i"i‘“é'Fa"gs 8*:@%?%& ngv?t‘gﬂ’éé,“"and t he
reduced pr sld&ondodtyr indestryt iscnoo thentargestc iimndecofSPRQC renfiisions, ythe dadusyynéhr oni zed.
Nonet hel esg). i i ndi . ' ing character ZS
of 't ho. prOYERPRE ERleRS 1 REh PR SIS P prlll TR 27 2 O
The toXc and corrosive nature of fluorinated HAPs pose considerable health
and environnent Akdsh & Adalel PR [Y=1e) Pyauy [ j.Jy of
exhaust systeqs@%orqﬁzbar%?ccu ar, teh_e oxl| f%@n%e%gvfgs g‘fé l@%riésuegg&ndﬁtched by
any ot her emsimigation. ussf aliematiye chepaigalp.creenyeryfreaysle techniquens aur: atprement

manuf act ur b.a&siambwsy%ptﬁn@hubﬁ iriv@fve{‘ﬂ?lﬁlﬁtigfﬁe bperalingeanbition? i '@RE rdddbo9eNs. The
| arge vol unmes of F2 and other fluorinated hazardous 1 norgani c gases

rel eased during optim zed plasma processing require the utilization of
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26 NOV 2002 WD 99/61132 PCT/ US99/ 12077 (PQU) abat enment technol ogi e? @rNUV 2002
order to mnimze potential dangers and to prolong tool operating life.
There are several potential alternative nmethods for point of use Fz
abatenent. At 5 high concentrations, fluorine reacts exothermcally with
all elements except 02, N1) and nobl e gases. Consequently) a reasonabl e
approach to F2 abatenent is to renove this . highly active gas using
natural | y-occurring reactions w thout adding. energy to , the system The
mai n chal IR, this potential approach are heat di sEFHH¥P8#7and f or i ng
accept abl e by-products. 10 Alternative fluorine abatenent techniques
affording potential solutions to the fluorine abatenent probleminclude wet
as wel | asi¢laphiéveasihamed tRRChconyersion withih theesermdondwezart manufdcaingi oles. 15 | n

dry processin the fl uorine.qgas. s ream flowed _t hrough a dry.hed filled
" T ea bR paromipifed oIS im SR Raranf e astirRE BibrSs FSOEIN |t o
I nnocuous PBtiudEzaﬁbn anvagies depemdingont thospiccife pasrant iprogess naeds Fovinsaaas, . Thi s

| ast conditixqgn uld.be a limtin cto eci rge vol umes of
Fz are inv8¥;8"e “ﬁ'?Fé"t"ﬂ'é’P’ﬁé?" gfeé‘g Cg%gfﬁ'gaiﬁw?her #% frent units.
conbi'nesr eeﬁﬁbieuey nRbreggsicn |dspasitidn fprocesses de reported 0 wtiliz axptte 68UBi of NFwiel or

oL ool | P2 REBAL Qvelobentin MoRTHEN TIARRSIAh Srioke wEhadinsehad Wren’ Of Fo
typically |nc s 'requi ost-reacti on water
scrubber. iﬁnmdnemn/%ﬂ%b‘l’imdizem\@ﬁlm ems@dp@mmw ringitoght er scr ubber
beds are often conprom sed) inasnmuch as the scrubbing efficiency of nost
acid 25 gases decrease as a function of tenperature, In_addition).

contai nment of High REncepyersignsgingyitably fegilyin ghe &Fﬁ‘é‘ﬁg‘i o hazardqus 3ig 5
\gonst rygt i |umtsp(}mp§)t BeakRdowil prodedtd) aihae .ﬁssuyomwm AFhagsid silidon\et

h dvant.a t ak t hat, fI -30
rééﬁfislqﬂ?m@w%h%‘@?%.a SN le?ren"é‘ﬁgf‘tf?f IR C0F; RRREton o dhY | eact i on
bet ween vvapwnnalad ghszs gererdtéis)cofiliderabiydavgmented ﬂvgl’e;xeldmmnpamdm theginitial er
scrubbers pRC! {ifindORGRERI Bk hfeohicft mfhrfbutp BB °FoFipsiaftdd e

wat er consurrptlon necessary to achl eve accepta rmval I Cl enci es at
hi gh f | uor#sswmiog atojchiogetyic conwrimyref RECs inteiFr 7 I(ljtenper migmte (Ipm) flewram02 WO

99/ 61182 R SR81dlpRenfialf proaice A5 IpAf of F}E The eEBihéehbe kiR ofRhi ONS shows
that wet scrubbing technigues are otentlaII%/ylst he st at.tractive) provided

Lhat the CHPAMBSS 8 HBIOMBFICE AN be e oule RePUp, BHEtRD: | on,
probl ens Qﬂﬂoﬁ(&mﬂsﬂm_&dwmiﬁmmmeﬂﬂmmogﬁimgggmaMumpemuenart for a

For o on BFeARABE R0 4 A ol RRIRIDE Bl sl

I NI m Zes

vat er paogith the %HI}M&BYnﬂigIﬁEs Ioi«l\éﬁbﬂihma%h%ﬁmsﬁﬂhg,l nme& I@ﬁhﬁ@d ates to
an apparatus and net hod for abaﬂgﬁre g)oroc n%o unds SAJ fluorine
and gaseoUEPTEINb VORE £a15 HALPE £ "%tt"ﬁ‘ic‘l’gt 5 e ATt fyraygn and peri ‘in one

aspect. t hﬁmraueptbcamsmingﬂﬂ‘ﬂs,t tbe dower coneerafions QilFatemlmlohs dnirm‘gl initiabconpound_

) . [ t
)cont acti ng SL %‘%%%u%mﬁ%aﬁg%%um dr o%%fi’g‘};)m'L ?f g‘:: um i odi de)
or the Ii mncnmnmgtﬂwpﬂia‘wewh estimatdsindieate tbhsqnewamésvwnm chpmetemt us f or

abat enpnt  gHnd PO piabIemNRsHRRcd Wil seichhdi@idt maraaifing Opéraidas.Ng sare,
I ncl uding a water scrubber unit joined in flowrelationship with the stream
of fluoroconmpound-containing effluent and 25 arranged for discharge of a

f 1 uor oconpound —mmea ﬁdl dbi-ri;émeliutursbf ﬂwﬂmu HhPﬁpesa&oﬁsirrerablq Iealth agl a

ot de. orenvittnmenia hifards i sdRb ke R eeardife 1 BRI Gt SR St PR 20S! U
f | uor oc onpyetivallar, hthee:xrdmnujpwowfdﬁ @mnenithel byl apy pthet cafipquadosed oof t he
f| uor ogompeUndhedi sl LakBodiBudol BahRaRANY AliGY LR A Mokl BadHE inkE IUCT N9

agent i'nj TN er aspec ion relates to a
semi conduadtiser halepensadheilargeyolumes bf Faand othepflosinated hazarduBdmrgasiegB8pEET ( RULE

26) 16 '\Qﬁas%ﬁ%a\é@ a%%‘n}ztﬁzplasma processing require the utilization of point of use

orinée renoval
—effciency Wt FRuoring rasG- .
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PCT/ US99/ 12077 a seni conduct or manufacturing process unit produci rzfgﬁaNOV 2002
ef fluent gas streamcontaining a fluoroconpound; and an apparatus

abating fluoroconpound in the effluent gas stream conprising: a water
scrubber unit for gas/liquid contacting; nmeans for introducing the

fl uor oconpound-contai ning effluent gas streamto the water scrubber unit;
10 neans for discharging . a fluoroconpound-reduced effluent gas streamfrom
the water scrubber un|t and a source of a reducing agent eratively
coupl ed w NP PL%at er * scrubbi ng unit 15 and arranged fdt N?'F B&lci ng
reduci ng agent to the water scrubber unit during operation thereof. The
sem conduct or manufacturing process unit in such facility may be of any

sui tabl e t y@OU)abatément dochnqbgiesainpirdesta nigiaizei pxtentisladabgery anh enproldngvapor
deposi tion ‘gg, gﬁq@q vaporizer, epi taxi al growt h chamber, or etching
tool. O her aspec ‘eatures and enbodi ments of the invention are nore
fully shown herei nafter) and V\,i Il be nore fully apparent fromthe ensui ng
di scl.osure and ﬁﬁ(lgﬂ: Figure-1
is a.schematic o test S tup use 'S %’?yem‘%‘% 1uen ggsc,?s and
t enper atdur ehigh wmm-wﬂwgnam@mmalmmdl chprrents Q@etiQyuNes apd is a
front el evqtobferkayasevmteqaem&t ﬁrreéﬁfaHQ%ﬁmﬁéh%@‘Paﬁﬁ&%rﬂ'@% hc?n&eqhﬁnbod' ment

of the inventi on) and %ﬁ is a side elevation viewthereof

SUBSTI TUTE highby-pctjve gas us "‘“%P Yepoguming reagtipnsoithopt adding/energy/ oo 7 Fi gur e
3is agr artbsnat: The mgih chdlienges memaenﬁmpﬁrbmammﬁssnﬁﬁomdl foftlingas a
function of flfuaﬁ |ne inlet concentration. Figure 4 is a graph of
concent r at i*ffP function of tinme for selective S conpounds _
ireasurao at the outlet of a scrubber unit operated in accordance with the

esent i nventl Qgﬁgﬁ% 10 The, pr esent
i nvention utilizes gﬁem caP inpectl on%ﬂ #gﬁj&lag f’%eg['ég\l?] "rl:%"t"it“’o J

f | uor oconpdluaxine sbatementcproblem inshide wet !Se\mlha;m rection eshniquespandniiemmht ai ni ng
effluent g3&ciidn ®dARpues/Ne i nvention is usefully enployed in sem conductor
manuf act uri ng operations in which fluoroconpound-containing effluent gas

streans are produced and 15 require treatment for discharge or conpliance

wi th appli cabl emmadiyp foemiagtm& ﬂﬁfﬁnblgmmedmmﬂgh Adrip bédilled With he
to, renove

bi | f d
Lgﬁclenlt?gt ?5‘5’? tige g“ﬂg an olt'?st 'Eyu'fqﬁﬁ'ﬂr c‘%ou J'm H” Fa fe ’"B?cé'g'ésnfo%raﬁ\?&n on

achi eves aM_ﬁg@MumMnmmwp heat. ﬂh@ last Gonbmoa gsld be adinbiting

per f or manc g pd WAl fen 188¢ VAIRREs ot ¥5 hefvaled.r educi ng the formation of
unwant ed by- produ ts in the operation of such system Wiile the invention
TS prinmarily and illustrati vely descri bed hereinafter in 25 appliication to

t he abaoenent ok ilmniahecagam iappreathe tHehmisi nibaginema Grits0 Borabine Heacidde) t he

process an S. Q bat t her

fl uor ocorrpg’ﬁag‘g’{él i\fae'f'ﬁ n%?t ‘Sﬂ{ihﬁﬁ' H‘%ﬁ?‘%ﬁ'ﬁ@‘“é&%s&'ﬁ% s. In
~addi tion, mmumhmm mn:megt ¢ﬂﬂ:@mqaﬁwn¢bnﬂyhmgds relqu!@inadwensqafter as a
__i)IStand?’O al Q'bﬁsﬁﬂclmpkv%r kt%ﬁbkﬂ"lﬁ?&ﬁ&&b&ﬁmm procegébg gieP! the

nvention may be used in conbination wth other apparat us)

such as f ofcribbsnbadgare often,compromises, Pnaga%ﬁh@ﬁgmscratmnqaeﬁmqu mgst aht ement

vater asTupdies deereattds Wl funbidhd of NefipeiriieCt 19 Nedditioh, doritifheER! o e essi ng
unit. 6 SUBSTI TUTE SHEET . RULE 26)
concentrated acids requites exXpensiv matenals and construction to prevent temperature-

enhanced corrosion attack.

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

30 reacts quickly and efficiently with H;O. The main products of the reaction between
water and F, are HF. 0,, 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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26 NOV 2004 WO 99/61132 PCT/ S99/12077 I n the present invention, i}gdmvn?
agent is utilized to increase the abatenent . efficiency of quorl 002
ot her fluoroconpound) and to inhibit the focmation. of OFD. 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 nmay conprise
any suitable reducing agent that is effective to enhance the renoval of

fl uor oconpound L an aqueous scrubbi ng envi ronnent es of referred
reduci ng dﬁﬁﬁ?&' ncl ude sodi um thiosulfate) annnnlun1h§8PH¥Pﬂe and

pot assi um i'odi de. The nost preferred reducing agent is sodiumthiosulfate,

a non-toxic, non-alkali) readily available) and inexpensive 10 conpound.

The apparatus of the invention for abatenment of fluoroconpound in the

ef fl uent stream.bein reate c ude ns for ni tor

f 1 uor oconpound BWB@%P af? ‘E?ﬁd'BFgéF% Etment ﬁpﬁ?ﬂg TWB’B?@E’OWB%’%"E’BM ai ni ng
ef fl uent gasthaigtiesasne Mnmmmelama&ﬁcammngaﬁ ke OF, rigdproticon of -
reduci ng agent ..to tme Wwa {/l ubber nlt berléd] rgean may for exanple
el ude . APmRo e en Riralol el S fmmplin robiopsicapetbelval 27 T ¢ ©F XA
effluent streamto be treated and responsively i ntroduci ng the reducing
agent. a- an m. agr;uy&oﬁs.rem i thadk R AR5 B ¥ diBipbd Suorine.

Al ternativel y, ‘such hea an ex as nonit or

det er mi ni ngbatément, aystem the¥ mbihés ﬂtdeﬂwewpﬁuww Q. ﬂvfh*&mmccsmalﬂam and

[ eSPONS] Ve lyoR! FAfNAY. Bicichy BC ! AlorkidCBincdriialil &l WP Hondirfeiyn I N an
anount and at a rate determned by the sensed concentration of the

fl uorocorrpm‘mt!“zefwa'gemﬁ"al) the means for nonitoring fluoroconmpound
\j:oncent]oatl on in the fluonconpound-containing effluent gas strean) and

esponsively nodul ating thg . j ed ng agent to the water

scrubber unit, may be wd ec~to mnimze the anount of
added reduci ng agent in the abat ement of the 30 fl uor oconpound in the

effluent strea [ t t ht of

fl uorocorrpoundgi‘hsuéﬁse ﬁﬁ?ﬂ%ﬁ%‘\é&g&% ?"@E"‘@’.Xﬁ“ad%%g@n?& ?b%p:?‘tﬁﬂﬁance

fl uori ne afieqrecompour dSembmsefhienmataerl gassupdiyoridest fropEEfflyeptisieasy 26 NOV
2002 VQQ%&J.],;},?EP,Q;U US99/ 12077 scrubbing in the absence of such chenical
agent) while maintaining acceptable |evel's of OF2. Figure | schematically
illustrates an apparatus used to characterize effluent asses 5 and

t enperature prdh iohespehn.rthmve,nubm relandsad @ prooéss forabatéren nﬁﬂﬁr&ompé(hdiUt onat ed

| o RN 'R!Q RS, g d t o
ggﬁer ate ttea‘ﬁﬁ;l%/r Oge%’lI an ‘%EH \é‘ Inglu Z:gltt%‘cg't Cfn%JSO Int %v Seuzgr ubger

AWwat er Sc#® B¢nty

exhausjg ofant.,h@mmthgam,@,gg lﬁbﬁgﬁuwfwh&l&%d]ﬂma packed bed counter-current flow
polishing unit 120. 10 . In order ta mnimze carrosion at the inlet of the
scrubber, the netal portion 130 of the inlet nay be coated with nickel or
ot her corrosi orln r aethet asgectrabe inwehtionGadaten tb \aat apparhmsplor abatementwoft hi n t he

“scrubber r e process'
‘)durl ng the W@@p%g@%ﬁ%g@@m %rﬁnés;"sﬁfem rraaag%e m)nl{onr"gd by any
sui t abl e rjeinrd in Boy rslationship with Shorsrramonf| ﬂugroammﬁwmmg»;ﬁMr #d udi ng

conputay IdRngddor @i ﬂynu&a&nmammtaﬂmemh ar,mtmeué% bber
exhaust are. drawn into an FTIR spectro hot onet er a M DAC | -2000

FTIR spect'Pﬁﬁ‘Fﬂft Rcing ‘%rf’ﬂ%”rﬁ‘&f’\"?‘ thipsp! %P’EW?‘B%WA@‘WHM on, for
Iq ggnth it at ijudide,orithesike.- mtIruce wscﬁmbaqmtp@esswme hgmmgd ﬂﬁlﬁi.ed;cgas cel |
avi n a en- met er en Wi e ndo nd.a.liqui
ni t r ogen- PcransL Fm %é“@ﬁ%"ét?gﬁaﬁ °5°§°'§%‘%“ g‘t b‘bvr’og’riaate
nonitori ng:oset@ndnggsysengaqkmgxudvedm dgéntagjestwncoveri ng the spectral region
25 betyeen 600 and 4200 cmat a resolution of 0.5 cmFull spectra are
periodically collected) e.g.) every 30 seconds) to provide continuous)
real -ti me A faghersaspesh ob thet inventign urelates hel acsomivonductor imanufacturing fagilsyi es of
i nterest. d%ﬁ@ ge guantitative anal yses are suitably achi eved by
calibratin e anal yzer in situ using knowmn SiF4 and HF concentrations.
Oxygen d|f| uori de (OF2) absorbencies are converted into concentrations 30
using a quantitative spectral library issued by M DAC Corporation. Fluorine
gas is analyzed in a continuous nodegusing a gas sensor cell 160 such as an
F2 specific Pure Air gas sensor cell (Pure Air Mnitoring Systens, Inc.).
---Thi s-s SUBSTI TUTE SHEET (‘RULE 26) --- 26 NOV 2004 - N
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WO 99/ 61 |1 32 PCT/ US99/ 12077 el ectrochemi cal sensor utilizes gas megbg a6V 2002
gal vanic cell technology to nonitor |ow concentrations of toxic gas. The
sensor is specially designed for its situ nmonitoring of F~ under water
vapor-saturated conditions. In order to provide continuous analyses w thin
the detection Limt of the nonitoring device (3 ppm FZ)) known flow rates
of scrubber 5. gas exhaust. are diluted with netered nitrogen flows. The
conbined streamis introduced into a m ning chanber 170 equi Ped with the
FZ sensor .WeA¥M¥#ni t or responds to changing Fz concentréﬁ@?@.”%e
concentration data are |logged into the conputer at 30 second intervals.
Accurate quantitative results are achieved by calibrating the sensor
agai nst  knavemiveRRRir mahkfaneringf précéss uhit piddgeingar’diflaéht gasf sreath c(ﬁhﬁﬂ%i on view
and Fi gure |s a Si gv\ﬂ‘ﬁl evation view of a water scrubber 210) ich is of
a type sim¥ er scrubber unit 110 shown in the Figure | system
The wat er scrubber operates using a verti cal co-current flow of water and

t he cont ani nated WAt er ve Ci e are h drol yzed a~ they 15
.~ interact W'Pﬁpmt%ra‘%fﬁné ﬁn‘ﬂ’ﬁxgw Qf@gﬁg'g&ses °?'gg"f nY8®. The resul ti ng
liquid balls to a water reservoir or sunp 230) and the resulting scrubber:
gas streamexit I i cal -duct connected to a bl ower
The wat er dynam§gé&ﬁ*c?ﬁb%ﬁg&%@ﬁﬂ@g@ﬁcﬁﬁ%cl ude fresh or make-up water
flowing into the system water. draining out) and 20 scrubber is enhanced
USi Ng & COUNt &1 et rThirBfHEHE thePflorStBindlnB e &g cARicA a8 duodi doifie 92
exhaust. The in 250 1s nickel-coated to mnimze solld deposits and
protect the ent?"?“ﬁcmd‘l“l*om ve attack:; Gas and water tenperatures within
he scrhgbber are neasured at nine selected points as identified in Figures

- .2A and 2B. 25 The f s and dvanta es, of the present invention are nore
Ful |y shown- i ¢ o8 dBeBEPETE g Ao RS OBRPHEH PHacE EHET Eae ST e, s ANPLE 1

30 In a system_oitentdembgamﬁhﬁndtype shown in Figures 1 and 2, abatenent of

SiF4. was carried out using an effluent stream sinulating effluent produced

in a sem conductor manufacturing facility by cleaning of plasma reaction

chanbers. 9 SUBSTuTigRE ammg(mtamaﬁvely 2onplaWithOhg waRr 8Gnlsing3dnit

PGT/ US§9/ 12077 ahabinfnged¥8t fifodsting mDp@ﬁuaottﬁe Water &EbHRP it TR

(destruction and renoyal Fffl Ci ency) SiF4, with and w tghout t he

i nj ection of catPSEAHEN thepeg abaterrent in this instance did not include the

introduction_of a reducing agent Fixed concentrations (300 pprn) of

silicon tetraf I.‘.m%r;.= cohfi\l %ﬂ'“m{“nn%ﬁ%‘%congg fﬂ:htfa«? {’c o* " roduced ,,,,,,,

into the water scru e experl I ons osen %
represent Swtabigdy ' B Py ¥ amp Ruan/pi cal
pl asnnzo:hamaﬁgbﬂclv ?hg,gwth@ﬁ;ﬂ,&} e,p&bﬁﬁ%we measured as a function
of wat er flowrates (0. 1 gpm scrubber pH (with and w thout
caustic injection). In all cases 10 investigated, neasured scrubber outl et
~concentrati ons @her-ispersclfegiufet ane embadiments b/the bivetionhee thotecflly siown i ts of

he spectr Qﬁl i S I res d | evel
aI ues (TL%§ Qg ﬁaﬂ%ﬁl%@ft J:@ﬂ{ﬁylip ?W"gagclr"ﬁ“h%@&%a%%%qg unmrary of
Abat enent ¢aimsits at Fixed Inlet Challenge of 300 ppmSid, in 120 sl pm Ns.
VWat er 44 ow rat eCausti cHF conmeSl FA%DREI nj ecti on?cone(gpm (PH) (ppm (ppn) 1No
(3.85)0.470.399. d60. 5No_( 3. 50 0 460 399 861Yes (10 5) 0. 150. 199. 950. 5Yes
(10.8)0.130.07599 96 2 BREER DESER) : Nil B0 =AMt es rangi ng bet ween
0.5to 5 slpmwere delivered into a 25 Vector-lOO wat er scrubber (ATM
Ecosys Corgporati.on, .San, J S equipped with assi vat ed
mani f ol d. l%ﬁ‘é'? '§Tf'°e'&'ﬂ§" Fé“&ﬁ%ﬁ‘g&?%% %ﬁf'&fgaﬁ’éﬁ"a‘ﬁtﬁg'ﬂ“ﬁ?‘fer ogen
resul ti ng profilehdiringrabatemén bfBeandBiBind 696 Fz. In addition, the effects 10
SUBSTI JUTE SHEET (RULE 26) 26 NOV 2002 WD 99/61132 PGT/ US99/ 12077 of
resi dence time within the scrubber were studied by increasing the nitrogen
f1 ow rat e Figar2(UA d$ pnfrorT elevatior yiewanice witert semibberr sysiomr aggoidingnamsoneest ed
usi ng sta'mmaﬁamﬁmﬂ Anﬁ‘ﬁéu?eﬁls agm)ele\ﬁﬁ{?ﬁ Viel Rifedeat €. Sodi um
t hi osul fate was used during high ori ne gas al enges 1o inprove
fluorine gas renoval and to elimnate the formation of OFZ as 5 . a
by-product: . Table 2 summari zes the experinental data, and illustrates the
enhancenent achi eved by injection of ssodiumthiosulfate as a reducing
agent. .
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26 NOV 2002 WO 99/61132 Table 2: Summary of Fluorine Abatenment Resulg fNQV. 2002
PCT/ US99/ 11 077 TestWater Flow (gpm. N Bslance (slpmFs Flow Rate
(slpmF=inlet (ppm .: Chen. Enhance ?HF Qut. Cone: (ppmF= Qut. Cone.
(ppm OFa ~ Qut Cone. (ppmQutlet F= Equiv. (PPS) DREl ~1.2501 20000No7. 5I

.51. 256. 599 9721. 250240000N0122. 5311. 599. 9731. 250.

360000N01520431. 599. 9540. 7S500. 51 0000No40. 5< 13.5 ~99

9750. 755012000DN0611599. 9860. 75502. 2545000N020552099

9670. 7550388DWBMNI2850107499 8880. 7S502. 2545000Yes2. 250. RETUSIYRY77

99690. 75200315004Yes2538< 150. 599. 7100. 7S200525000" Yes42120<1141994 5
Percent destruction and renoval efficiencies (RES) were determ ned using

the standar gigiyds &S5 giph 9F blitlet Audrite eliun%lcr@"lﬁtpaﬁ? p&qmmon bk Fhnckion of

ﬂuonne inlet concentration.

_ Figufc'4 is a graph of concentration in ppl'n as a function of time for selective
5 compounds measurcd at the outlet of a scrubber unit operated in accordance with the

present invention.

Dﬂ' AILED DESCRIPTION OF THE INVENTION,
AND PREFERRED EMBODIMENTS THEREOF

) 10

fluorocompounds in water scrubbing treatment of fluorocompound-containing effluent

The present invention utilizes chemical injection to enhance the abatement of

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 hereinafier 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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10 whére Inlet Fz represents fluorine inlet concentration in ppm )2 NOV 2002
Qutlet F2 Equiv is defined as: Qutlet Ft Eguiv.=[Qutlet Fr cone ]ppm

+1/2[ Qutl et HF cone] ppm+[ Qutl et OF conc.]ppm 15 ~ Under all conditions

i nvestigated) the water scrubber renoves over 9996 of the fluorine
delivered. It should be noted that the renoval efficiencies set out in

Tabl e 2 represent performance of the reduci ng agent-enhanced water scrubber
treatment of the invention under worst case scenarios with respect to the
ef fluent g¥9P%H# cased during a conventional plasma chd€F8IsswI2enn. 12
SUBSTI TUTE ‘SHEET (RULE 26) 26 NOV 2002 WD 99/61132 PCT/ US99/ 12077 Most
inportantly) the tabul ated outlet concentrations represent the equilibrium
. val ues reached after extended and conti nuous delivery of fluorine gas. into
t he scrubber. 5 "depending on the.initial FZ concentration. ' The duration
of chanber cl earf@ they Besspt Byentjon. aeducing agent; i stilizeddo jucrense theyabatementach t hat

~ equi | i bri ureffiéiedyof florine or6thérdivofochiioun 8 to Mhibi@eTbrmttion BFOE). Uil Ne

- abatenent efficiency. A@ex&g&ted, qﬁke-Up ter flow raté-affiects -

- sor ubbing CFPCMEAREN cafRe fnieciedaf &-solid of % 3 okiPon. Jeilizing redhsing agemisdhatne

schal | enges.ard\stabloud airkaidatian. Thé psdecing agent oy compAisayaduitasle r&IuciTnEe outlet -

~..of the.scrubb r.exceﬁg gquom \M”u-en ﬂﬁliveri n& ﬁg%r)%xi mately nore than 396
and 696 Fs ity scchYs o, SPhance; g regoyal of , florocomponnd it ap aquegnsct i vel y. )

- Tests 8 to st@bbisgecenViringen) Bomnphst ofiipeférredt reding agbnté Mpchidel esttiipNi bits

. OFs formati el addi . anaGi c i ngwefficiency. For. exanple)
the expor rialfhe?ifibif o f6 345 oedth el g shos b reciing e

*exception @gendds sodiuny thigsulfate, acaasrtprie] noaralkalic wadilyGivailable |and inespdnsive

_""gecr easygs tcbﬁp&h'ﬁi.l et concentrations of HF and Fz by a factor of 10 and __
ecraases_OFconcentration to bel ow detection limts. Figure 4 shows the
scrubber sunp pH and exhaust concentration of HF and F as 20 a function of

time. The graphTheippastusof Me ikveation for MddMent S MBrocdmpOitnd if thel thdnt CANt | Y
del ayed and _a functjon ,of wat ?econd ti rre-degtﬁndent

8 i lt:ler F\H' Lh o
concent r at PERTHPeIRg rpatsd may iciyds eaps for moniforipg, Hxerocompound, concentration ¢ onst ant .
During t heor preséngé is tthzegBeproqepippurid-coptaining: efffuem gak atredng ndndrrespondivedyl t 0 r eact
W th Sij92 Lah&Rs iSntridoAidld? redhding b ernbtidr uie  dep! et ed) that
excess Fz ?@ di gcha‘r‘ged by the t'g%?geﬁlrr} ??%E\%i cant?rgwg'unts. 25 Anal yses of
the tenperature data collected during this study indicate that heat

__gener at ed by exSicheicihsomiyfor txatiple indudd £ FI¢ rokitdringdesite RAhRAiHghd the

scrubber. The.anl . neasurabl enper ature changes were recorded inside the

scr ubber iﬁge"{ ﬁ’én‘%"{’wgé"f"ﬁ'te}ﬁf }ﬁqgfﬂ}%e'ﬁpgﬂsév ﬁ\%wqﬁfbﬁmdﬁﬂ"@%“hnd wat er
vapor . A nabarateand wrapamavnlcerre sersed 7 Ct1o 25 C(DIr = 9 ¢ wWas
detect ggl during the highest fluorine challenges. The heat capacity of the
| arge vol ume of recircul ati.ng water_conbined with heat exchange with the
surroundi ngs efAlirenatiyely,sugh meansanay elugean exhapst gas wanitsy fordetempining ysi s of

- _F2. I n addiht iamiopntroF thd fivrédofmpBiindSih JRScffilient @irdaisard re JonsIVelF irit@lucin

)deteri orat%n 3 SUBSI%‘HIEH&;J%EIB RULE 26% ’é@ NOV. 2002 WD. 99/ 51132

“PCT/ US99/ 1 Uep 2B & SFEINM AT AMPYTE 2L P B determied by B8 t he entry
syst en) afseasedcongehization of hé flnbrecammusd. Overal |, the scrubber was exposed
and ef44ciently abated of 3.2 Ibs. (or the eguivalent of 855 liters) of
fluorine gas. S The foregoing data illustrate the advantages of the present
}lnvenfti on in prisgeacnly %mﬁr@wmgdiumcﬁmwm gas;;zm in the .

uor i ne- CfhivreoipBihdsdohtalnfi}l effiveMa strasftn. Hd &sﬁgﬁ-* vV eilih een
described herein wijh reference %og? eci fi c enpodi rr%anps. ano}g?h atﬁ&r es, it
will be apP enof FEeFing faept tp f“taﬁfé. SPHYRER BpibrmaY; by gidely varied; and; ed, but
$Eco_npass?mlm¢mw nﬁﬁmiag!hemlinouﬁ?df Eﬂd‘egtie&&&ndl g aget gﬂ Hﬂ{iﬂlﬁwxﬂé_ﬁt Sﬂbﬁdh 'g?ntS- -
e i n n_is) accordi ,..L0o be broadly construed as conprehendi ng

al I” rs%gh da%{%clp 'f'\?én\%ff}gie%osﬂg?“’mdi fications, and other enbodi nents
withinits spirit and scope) 15 consistent with the follow ng claims.
abat omont o IMigPaeai neenda eI Sy FRlerifl of Bty e 45°°
i ndust ri alflupriperpising exgducing: pgentse thaty zhhapte ffluoxneo aloatgnmnn deeldtive o ebfibruent gas
streans such as sem conductor manufacturing processes producing a gas
stream containing a fluoroconpound. Hem conductor processes wherein such
fl uoroconpound contai ning gas streans originate include plasnma reaction

- -chanbers, chem cal vapor deposition chanbers, vaporizers, epitaxial growh

~Chanbers or etching 25 tgahg %ﬁESSLgE%];J(‘IF;HIEgFEET (RULE 26) 26 NOV 2002




WO 99/61132 PCT/ US99/ 12077 THE CLAIMS What is claimed 1 is: 1. - A pﬁoﬁﬁvsmﬂz
for abating fluoroconpound in a gas stream containing sane) conpri gi g
scrubbing the gas streamwi th an aqueous nediumin the presence of a
reducing agent.. : . 10 2. The process according to claim1l) wherein the
reduci ng agent includes at (east one conpound fromthe group consisting of
sodi um t hi osul fate) ammoni um hydr oxi de and potassi umiodide. 3. The process
according to claim1) wherein the reducing agent includes podiuml|5
t hi osul fat e¥@%¥61132 " 4 The process according to clai m 1PCHHEPERN7¢ he
reduci ng agent includes ammoni um hydroxi de. 20 s. The process according to

- claim1) wherein the reducing agent includes potassiumiodide. 6. The
process accaerdbbigg inGhe htatme b suoh elicpiieul afenr) vl GhangaiAidg Aéceptable WveR bed | Nt o
t he aque’ousgiedi um during the scrubbing. 25 7. The process according to
claim1, wheréin the fluoroconpound conprises fluorine gas. 8. The process

--—according to claim1, wherein the fluoroconpound conprises a . 30 gaseous

* fluoride conmpoungd. 9. The prqcess,according to ¢claim 1) wherein the

=.f1 uor oconpound- ¢ H\’%ilrffﬂ‘émgﬁ@ﬁﬁ'f’gﬁfﬁ@&%ﬁ‘é‘@g“gﬂm iy Ut B3seHnduct or

. manuf act'§r i wel papemase phdfil SUBGTHg Tthel bdféihént of MJLAnd28iF,. AD albMared @ds WO 99/ i

:-'__ 1132 PCT/ US 077 | ' ' t. Laim1 in th
“. fluoroconpo a‘ﬁﬁ%é'o'zn%'éfo% %%Ebggis) Ms{ﬁ ?‘i%mﬁog‘g gé'?'}o@ g’é 'sg'l'ﬁ%'i’ S‘I’e?‘im%‘f‘o eé% rfg
.. reactor cl eant Fgonofikh anikresintraduerdrintocthel soubber. nutn whize serubbeg vhiadi®iis y. 11
The proces %n%@ﬁ@& f8 Bk sirkah MRatmpent.| H%&pg{haﬁét? ggﬂﬁr: %ﬂgsmgu it l'i? jp Process

condition of the gas stream and I ntroducin ucl ng agent "In ‘an anount
- dependent obackedhed cpyniercaerent Slow pofishipg unitildh.1 2. The process according to
laiml i1, wherein the process condition of the gas streamis pH 13. The

"jrocess accordi gﬁ h% claimJl, wheyein the prqcess condition of the gas
; it o6 e

streamis fl uor In-fRinirpize eqrosiop atfhe | scrpbber, the mgtalpostion130s 1 or
abati ng f| uefitcinlepmay tie coatedwithfridkelcon bthgacordbion-Aiistntvmakidlng same
conprising. . _water scrubber unit for gas/liquid contacting; 20 means for

i ntroduci ng the fluoroconpound-containing effluent gas streamto the water
scrubber unit; rGasand water timpetatares withim the | scrubler arepoeasared edelrertd pbintsuent gas

stream {g Oy pded! 16 MotfibiCthe E%&Qbﬁﬁnélﬂlietaba@ﬂgm%rm Og,e%aém%ﬁg&g&ﬂg agent,

operatively coupled with the % er scrubbing unit an arrange or

i nt r oduci nd“*ye'd{)!e?‘ﬂﬁ"'é'glévrﬂ“ytsﬁ' SRRt 8- ARPRSEEMORitoripg fRd ¢pn on
__thereof. 3(ndbdingémmpmpad®t us according to claimi14, wherein the source of

reduci ng agent conprises a means for injecting the reducing agent into the
wat er scrubber unit. 16 SUBSTI TUTE SHEET ( RULE 26) 26 NOV 2002 WO
' pas phras esent at the Scrubber exhanst are drawn into

20 an FTIR spectropliotometer, e.g, a MIDAC 12000 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
f ) windows, and a liquid nitrogen-cooled MCT detector. The spectrometer is set at
appropriate monitoring settings, ¢.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

i\’

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 situ 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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16. The apparatus according to claim 14, further conprising a rrean;a‘qqgv 2002
moni toring fluorocompound concentration in the fluoroconpound-containing
ef fl uent gas stream and in response thereto adjusting the introduction of
the reducing .agent to the water scrubber unit. 17 A sem conductor

manuf acturing facility) conprising: a sem conductor manufacturing process
unit producing an effluent gas stream containing a fluoroconpound; and . 10
an appar at %s for abating fluoroconmpound in said effluent gas stream

conpri si ngOoP*®MP%r scrubber unit for gas/liquid contactiChyS¥®MBo%%teans for

I ntroduci ng the fluoroconpound-containing effluent gas streamto the water
scrubber unit; neans for discharging a fluoroconpound-reduced effluent gas
streamfr orala&bdmem&ialasenmmnhmrgw niehbrawgalvanﬁﬂcoa techriology of ménitcedeAei NQ

-agent) oper; atlv wat er ubb uni t and. arranged for
introduci nd P°°88%'|Y°H Hé ‘lthf ﬁ%m\’ﬁa{f W%‘b’r%ﬁ'ﬁg‘? @ﬁf"t"’ﬁm"f‘%ﬂ“&dﬁ%t i on
-thereof. 2E‘nndﬁ.waﬁteammmmmllmndmonmﬂmbldatmrprcwgiefmnm\loug/armysar\ditmg to claim

L7 et e RS o B UBRL i B O6E5R 90U b BV °

—‘chanber §, @heexhaust aregjuted uepwmdamrazhlaﬂm §15he\¢apblm=¢meam leqnn'bdncml g'r owt h

-chanb

Foorirry o2 ShBE Gt I *’“@ fifd Mg 3T ER0E T8 oY il V0, -
conpri ses ghangingdFz2iconcenisgtions. | The conesnirativndlatagrealgeerd lmntlbc @dmmummeao scr ubber
unit. 17 SHRSH4 TW?H%&BHEEMe resgits HNENcHARE Y Rafiftafi e sen

PGT/ US99/ 12077 20. The sem, con uctor manufacturing facility accordl ng to
claim17) Peainstkpowngepcentrptinns of Feeans for nonitoring f1 uor oconpound
\foncentloatlon in-the fluoroconpound-containing effluent gas stream) and in

watof sor ubber THRVE 24 S oy Hefacel O B 6l B8 o gt SRR FIAESTE p0 A

. A3. Anl . Anwawks Scribbas 2100\ which is 6f #\Bﬂk Sinilare>the watkBscnibber umt 110 shown in

i} ggju]eciﬂ ggﬁ-%q% a] e %}v %@ a ver al Lo-current flow of

Ul c”a] cal] watef and cemawnm;l B2 Stragme A meawf@mmmwwau]w calUlca]c
aU]] caU]U]w] Cﬂ.%f:oamgg} CehipK alebasdd Cabearbgian-foa e ks iang i s & ca
cMal] caqr
Ul cray] ca?JT &"&]‘égﬁf@ﬁ’f&&%ﬁaﬂ%ﬁ?@@%%&?@]’%%%‘%baw ca
_Ul c”al] ca thraugh dventicalldoétxiobneated foox tloWar a The waterdyhdthies 6f the Witer scrubber .
##$##$V$$W\f&§h op Alm-ufp z§E|C ﬂmg into the system, water draining out, and

20 scrubber is enhanced using a counter-current packed polishing bed 240 installed at the

gak exhaust. The inlet 250 is nickel-coated to minimize solid deposits and protect the
7 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 1o the following illustrative examples.

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

carmried out using an effluent stream simulating effluent produced in a semiconductor

manufacturing facility by cleaning of plasma reaction chambers.
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U] c”aU] cal] cal] ca] ca] cal] cal] caU] cal] cal] cal] caU] cal] ca] c. a] cal] C?UBCNB’]/C?UHZ
) ]caU] ca] caUca UcralUca Ucralca UcralcaD "' j (I (((((()))*++9,;
s A 1111710,0ztoid_YSUU cal] ca] c$a] caU] ca] caU] cal] ca] cal caU] cal] cal] ca
U] ca] caU] cal] cal] ca U] c”aU] caU] cal] cal] ca]c
" aJcaU] ca] caU] caU cal] ca, 0/ OROTO0011n1q1{1~11112233P4V4446G/q777880838~xr | ga
[ UP] caU] cal] caU] ca] caU] cal] caU] caU] cal] caUl] ca] cal] ca] caU] caU] cal cal] ca] caU
ca] cal ca caU] ca] caU] ca] caU] ca] ca38?8K8288 9d99:
]><U]<V<g]<r 912@8% @&@@J\AA}FJ]H rrLb\ %a[ ]UP] ca bCtissonz0m
WV] cal] caU] ca] c, a] caU] ca] ca] caU] ca] ca] caU] ca W] cal] ca] ca] ca
U c*aU] cal] ca] caU] ca] cal] cal] ca] cal] ca] caU] cal] ca] ¢, aAACCCDEFFFF( FBF=FDFJFN
FSFTFGG<H HvH_| &lable| 1l bdlow isuthixidiites nasuhd fonjtie: ab]ateaicﬂnc(dhﬂtmahﬂmand removal
c”Mal] ca c~all ca U cMal] ca
ﬂ c"aa caﬂ gﬁﬁ&g&ﬁﬁ’% ﬁaﬁﬁmmmkﬂmﬁ@ 'Rr U] j QE)J]Q} Q
R~y sy b\ WQols dnsjanee dlid ngtindli)dsaks] inweductitnef a faiatihe sgdht a
‘U c”al] ca] caV] cal-caV] ca] caV] ca] ca] cal] ca] cal] cal] cd] cal] ca] cal] ca] cal] ca RR
RRR) RXR] Rl RnRRRRRR
.S/ S2SSSRS| SSSSSEed Wwpmupna[ @QJPUDJ @aqlmm}mmmmduvom] l:Ziulpm] caV]calc

aviea) call o :P@L.E ?Ja%w &ﬁws@ﬁu&ah‘ﬁ@%ﬁ? @J 4y 2UU- UQUAU
GUl URUayj Us UUUU#V&V VV\Y/\Y/\Y/\Y/\W(X| vpkf ca cajc
a] cal] cal] @h?%&!!] earesont eraxpecy cffipen cenjations)relgas 'UHU]‘MCUVJQQU] ca

U\\;J gggﬁﬂbg " Shirhsdr enuisc E\E?a&mmnuw ﬁ%h%u\ddﬁﬂhffﬂd&hﬁ AMa:ér”ﬂaw ﬁ%], al i’i l caU

aVa caUl ca] caUl ca ca] cal] ca

]cal cay] cZ@é&w %%%ﬁ%’i%&%‘gr%%m%]@weh Un- alljcasesidef 11 f g

§$g 0) 989 Spetigaicd.- mGaanreJdJ sctobbieri eltiMREdncentatibmsads] HB dnd HieaWeeashighty] cal] ca] c

rhoed 02t GhiYe R SatkBR RN e biiheld: Gnd'sihificald) SRbS S respective

Ul c"akkkkkMﬂHﬂmhmmﬁﬂnWSdeprpbmﬂszﬂMqlafmﬁmkf [1cU U calUca]c

a] cal] ca] caU] cal] cal] caU] cal] caU] ca] ca] cal] ca

U] c”a] ca] ca] cal] cal] caU] caU] ca] caU] caU] cal]ca] c

alcaUca=r?r@trrrr7shssbt 7t : tt vvvvvww#wIxLxOxj x{uo| vgkf a[ Ukf " [] cU] U] cal] ca

lc 15 Table 1: Summary of Abatement Results at Fixed Inlet Challenge of 300 pm SiF, in

a] cal] cU] caU] ca] caU] caU] cal] ca] ca] caé]2 aglq U] cal] cal ca ‘ca] caU] cal] cal] ca
U] caU] ca] caU] cal] ca] caU] ca>m| Z; : 10% ?)s Y@#10% ; & ()-! hY@10% & ()-!8

. Y@#10%B3&' () - X10%& ()-y&l0%& (),, ZY7! N, 10%-F& ()-m )

N, 109& ()-m "N, 109%& ()-n N, 10%& ()- mLO%& ()-!#s10%& ()-wVI </ 101 101 101 )

s<f,10% & ()-,!1541 N0R' (V-1 "N 10%ss& () N,_10%x& ()-nmB B;
WWWWH@WT*@W
109&' ()-' 310%& ()-3 Injection? conc.
' ' : (gpm) (rH) (ppm) | (ppm) _ _
1 No (3.85) 047 0.3 99.86 K
: ) 0.5 No (3.50) 0.46 03 99.86
- 1 Yes(105) | 0.15 0.1 99.95
05 Yes(108) | 013 | 0075 | 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

SUBSTITUTE SHEET (RULE 26)



&7{ Y71 </ 10! F( nPA0%& () --! sy, 109m0n0& ()-5 K sy, 10% 28

. & ()-5'1sy, 109%x& ()-5h<10%&' ()-!sS&I0%& ()-wx9./ 10>10%& ()-F:  10%& () !
1°$109& ()-'L 1 $109%& ()-!F/ ml0% ;& ()-!6 F(npd0% & ()--; K

10>1098 _S$109& ()-f 109& ()-f!109& ()-3109%& ()- &L0% ()-m 10 10Yqg{ Y8K/ 10
| Z940% ~ & () - @' #yM 10%. () - @10% . ()-!n FOAd0% (& () -

FFOA0W & ()-!~ S$L0%& ()-frwXoK/ 10

F: 109%& 1) Ly2g#109%& () - S! Ly2g#109%& () - S!
l@@/ém%(&) (‘&gi’jk%@b@% 1o)l ! Qose: (§) gl%‘yg& 0)- F(F)m%z& ‘(%%%%3’4 & ()- 10
10 10>109& ()- (>Z xWsb@ 10! 1(! 109%& () -

|, 10988 ()-181, 1000V& ()1 SF'1100828 () SGOMRIRE ()-@ | " 109 () -

AR qu(me!!@ time) withip the scrubber were studied by increasing the nitrogen flow rate
10zL>10% & v bod M?.),.lﬁﬁé& rformine: %ﬁﬂﬁﬁéuﬁﬁer Lefit WA R&Ed bsin stan(iHlQ?@ gpm)
##$##SvSaBMB7 107 10z 10% %’ 110 %DO&

g10%: () - FRRdigw (Qlwafm‘*{% 3o, 300 thiow! %mwasm gyrguMwymz

(WLO%& () - gas challcngcs ve fluorine gas removal and to eliminate the formauon of O

9", 109%&' () - 1S 1S 1 109& ()-!=92810%&' ()- |(((}A'>47 10
10s>109% ()‘bzp'%% () - Ff5F10%& ()-S! 9410% () - F31F10%& () @9) 9&10%.
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182;%&%}?@'_ oz () | af | Sibemq 9 HF3 [FoOme: [ OR: (|)Owtlet | % |- -
' F10%2F &' # ) | FakO) Yamilsnre [ ORae {() - ! LEN‘“' 804t) -|- ot OPBE& |( ) F; EFEgE<H H 2D
C10 ! FF. 10%& ()-,s! 1p%& () - F&LO%E ()ephe [LOWHIER: ( )E_quv. o
| (gpm) | (sipm) | (stpm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm).
] 12 50 I | 20000 No 15 | 15 [ 125 | 65 |99.97
2 1 12 50 |2 [40000] No | 12 | 25 | 3 | 15 |9997
3] 12 | 50 | 3 |eooo| No | 15 | 20 | 4 | 315 |s09s
4 | 015 | 50 05 |10000f No 4 05 | < 35 | 99.97
) 5| o | s0 1 |20000] No | 6 1 1 s | o998
6 | 075 50 225 | 45000 No 20 5 5 20 | 99.96
7 | 015 50 3 ]60000| No 28 so | 10 74 | 99.88
8 | 075 50 225 | 45000 Yes | 225 | 05 | <« 16 [99.996
o | 075 | 200 3 | 15000 [ Yes 25 38 | <1 | 505 | 997
10| 075 | 200 5 | 25000 | " Yes 42 | 120 | <1 | 141 | 994
5 Percent destruction and removal efficiencies (%DREs) were determined using the
— —standard-expression- - s
%DRE.—.loOx(l-o""“F’ Equiv.]
‘ ) Inlet F,

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

" Ouwslet F; Equiv. = [Outlet F; conc.)ypm + Yi[Outlet HF conc. Jopm +H{Outlet OF,; conc.}pe

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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3GLO%& ()-. 3@10%& ()- 10*10*10*3. _3y) 10%‘ & ()-G 310% & ()-Z -
as10% & () - ( g RXR i gyﬁmé&r%;ﬁ of Gt Fude)on iub AR alereni SHBEEy( A
" 100k ()- °}‘°"' i‘%")"‘“"‘i@&&?* b’“g'ggg}slﬁy(“rg isabmit é?mr 3
| ) 10;%'-&: (0 - undedhigh (ﬂ)lonne]&g{ﬂ&og(s) :Wltﬂ&?tt&n(nhai enliddéemint, JOF, concentrations at
710%& () - W@f th%sc?ubbe]i'oey{ocg‘d g)ppm \]\7 en x§éhang approximately more than 3%
and 6% F; (50 sipm 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
- -e ... . decreases OF; concentration to below detection limits. e

T T T T T Figuare 4 shows the scrubber sump pHand - exhaustconcentrationof HFand Fsas—
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 iricrease

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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" 108 () - SSUSES* SYSE2VUA M tj[L" "1006& ()- "10%& ()- "10%& ()-
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T109%68 () - o) - "1006& ()- " 10%& cSeSv
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were found anywhere within the scrubber (including the entry system) after completion
of the tests. Overall, the scrubber was exposed and efficiently abated of 3.2 Ibs. (or the

equlvalent of 855 liters) of ﬂuonne gas.

5 .~ 'The foregomg data illustrate the advantages of the present mvenuon in provndmg
- 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.

oo __ INDUSTRIAI 1C .

‘The apparatus and metliod for point of use abatement of fluorocompounds of the instant
20 invention may be industrially employed in the removal of fluorocompounds from
cffluent 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 ctching
25 tools.
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""100%%-& ()- SSSSSSS_2vU4  "10%-& ()- "10%& ()- "10%& ()- "10%& ()-

"10%& ()- "10%& ()-SSSSSSI?VUAM tj[L" "10%& ()- "10%& ()- " 10%&: ()-
"10%& () - SFERAPADYUAM t] [L "10%&' ()~ "10%6& ()- "10%& () " 10%& ()-

THE CLAIMS
What is claimed d is:
L. A proéé‘ss for abating ﬂuorocdmpound in a gas stream 'éontaining ‘same,
comprising scrubbmg the gas stream wnh an aqueous 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.
e - - 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
fhuorine gas.
8. The process according to claim 1, wherein the fluorocompound comptises 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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"109%& ()- "10%& ()-SSSSSS DVUAM tj[L "10%& "10%& ()- "10%& (2;
"10%& ()- "10%-& ()- "10%& ()- SSTTTTvVEDVUAM "10%& ()- "10%& (H B NOV 2002
"10%& ()- "10%& ()-Mtj[L"TTTTTT! T_?2vU4M "10%-& ()- "10%& ()- "10%& ()-
"109%& ()- "10%& ()- "10%& ()-!T T(T*T/ T2TuUs?vU4M "10%& ()- "10%& ()-
"10%& ()-Mtj[L" "10%& ()-2TAT: T=T@CTFT_?vU4M "10%& ()- "10%& ()-
"10%-& ()- "10%& ()- "10%& ()- "10%& ()-FTI TOTPTRTWIqUS?vU4AM " 10((V3+&' ()-
"10%& () - MyiisbAitas 10%+-& ()- "10%-& ()-WZT_TeTi TnTrT_?v y

Towwe (. ogmai Y ussshist ™

10.  The process according to claim I, wherein the fluorocompound-containing gas

stream comprises effluent from a plasma reactor cleamng operation m a semiconductor

mannfacmnng faclhty
5 ) _ :
17.: . The process accordinig to claim 1, further co:ﬁprising mohitoring a process
condition of the gas stream and introducing the redncmg 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 condmon of the gas
stream is fluorocompound concentration therein.
15
14.  An apparatus for abating fluorocompound in an effluent gas stream containing
] _ same, comprising -
S e - oo —awater scrubber-unit for gasfliquid comtacting; 0 - ..
20 |
means for introducing the fluorocompound-containing effluent gas stream to the
water scrubber unit;
)
means for discharging a ﬂuorocompound—reduccd cffluent 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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"10%& ()- "10%& ()- "10%& ()- "10%& ()-TTTTTT_DvUAM tj[L " 10%&

"109%& ()- "10%& ()- "10%& ()- "10%& ()- "10%& ()- TTTAU UlvU4DvU4AM
s+s1.10%g+& ( )-ea %, 00s' 10% & ()- OSY'F(10% & ()- "10%& ()-M

tj[L" U#q % sF10% + & ()-% sS& 10% + & () - 410F F PEgSIM2077

16.  The apparatus according to claim 14, further comprising a means for monitoring
fluorocompound concentration in the fluorocompound-containing effluent gas stream,
and in response thereto adjusting the introduction of the reducing agent to the water

scrubber unit.
17... A semic"on.ductor manﬁfacturing facility, comprisihg:

a semiconductor manufacturing process unit producing an "t_sffluent gas sﬁeam contaihing
a fluorocompound; and | '

'7 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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