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; e3ehJ5hG , -| 0 156F5T5 METHOD OF RECYCLI NG FLUORI NE USI NG AN ADSORPTI ON
PURI FI CATI ON PROCESS FI ELD OF THE | NVENTI ON The present application rel ates
to the field of gas purification and recycling. Mre specifically, the
present invention relates to the use of recycled fluorine uppl enent
nitrogen trifluoride for cleaning chanber surfaces, and th%%ﬁ”ﬂﬂ@mﬁmw nbs5
and recycling of fluorine gas. BACKGROUND COF THE | NVENTI ON gr
chi p manufacturers have | ong recogni zed the del eterious effect 95«
deposits, such as, for exanple, oxide deposits on the reacjy nber
wal s 10 in which the various chem cal reactions and deposMM@HW@@@ﬂ%mmﬁes
take place during chip manufacture. As inpurities build up o

chanber surfaces, such as interior chanber walls, the risk incf®#es that
such inpurities nmay be co-deposited on target work piece surfaces, such as
conput er chips. Therefore, such chanbers nust be periodically cleaned
during down cycles in the chip manufdcturing process. 15 One known way to
cl ean the unwanted deposits frominterior reaction chanber walls is to
produce a fluorine plasma in the reaction chanber, under subatnospheric
pressure, to renove unwanted silicon-containing oxide deposits fromthe
interior chanber walls. While diatomc fluorine (F2) is an excell ent

candi date as a source for _the fluarine glasna is highly reactive.

, it
Therefore, the fluorine pMEFH%OEd%ﬁ(B Gl thQPyIN@ot ai ned by
di ssoci ati ng ot her f'?ﬂﬂ@%ﬁﬂ@@l@ﬂ%ﬁ?ﬁmﬁmm@mﬁﬂ§r exanpl e, NF3

CF4, C2F6, SF6, etc. In essence, any fluorine-containing 2 gas that can
be deconposed into active fluorine species potentially can be used for
chanber cleaning. Nitrogen tri rj roven to be an extrenely
safe, useful and versatiIe_soJ%éEBprg?éﬁﬁﬁ%gﬂq?Q orine for reactions, and
for use in appargfdisresdnappiRation RIALOOS ficldVPRUE purifiiBioA hATRICYEliRUr g€ 1N
demand for NF3 has resulted in a virtual global” shortage of this relatively
expensi ve nMioes spetifically, bkipresent invention relateste the wsernfmecysleddbivsios taisi ng NF3
only consune _about. |. 5% of. 1 he fl.uorine contained.within.the NF3.in the
SCthal 0T oonPRESBLPiBET ritoRqe FtdiceBing Sider RRnH, St frllehion eq.
treat ed,5 nesfdrrebyctiag offdo@vegdsual | y di scarded. 10 Cyclical adsorption
processes are generally enployed for use in fluorine recycling processes.
Such preferred processes include pressure swi ng adsorption (PSA) and

t enperature sw ng adsorpti (%@blﬁﬁﬁkﬁ§r ﬁTﬁQﬁ?f ions thereof. The
adsorption can be carried §UCﬁ?n an arrang%ﬁent 0 ?&% or nore adsorption
beds arranged i nS¢micehduetorzhip mparfadtedrohive ddngareasgnizedahé Belttedibud east one

bed i s undergoin 5 adsorption while anofher hed is being regenerated.
Specific fl ?!gﬁf fsrfg ‘#158%%1 %lcgﬁfyﬁ!f}{:%ﬁ%"?iﬁ% ﬁxffiedlee\l?ﬁ?’@?“t %_“?aﬁv‘g'h?}f e&&ﬁhﬁe_

i ncor popat &gl WHIEh S aMBeHEN &0 PhacHEROSId dePBsiadl pRIceRENEKE PRED BHrigg €ani ng
processes, etc. The fluorine-containing source conpound, any ot her

reagent s, aship manufaciyess es impitien build up hameastion chamberguacsscaich as e

typically suppli ed. d 20.are.adm tted into . hanb
WP ho e sorbrener e SAMRLBE AEE i Roe: PR IAPFRE R oo T o
ef fect the wigRaRoAGpiPEORRRSes, Shth 43| compuits cRipo.C Thérefdre @uth tieaberemutthat a

pl asma be mai nt ai ned aﬁstrean]of or in the chanber to break up the
f1 uor i necorhepasiodipally gleareddnringdornseyclen aa thechinmanyfagipring pTosess. and

radi cal,s are pre W 0 i ne . jptain the
plasnaqﬁ%he chaﬁ§§$k?s gg?Lﬁ@g%{@%ﬁﬁgéﬂgggg@%@%$h®§%%%ggﬁvﬁgg€meen about 1
and 10 Ton c¢hasbetivalls i8Yo pRidage afluadneplaginain the réaetion ehdnilsergnriepsith-wast e
products and any unreacted feed gases thaﬁ conprise the exhayst_ gas. The

pressure i retPREPRERS RERSFUTEslorgRPYaYantehliem-eentapineaideAepasis fram thew of
exhaust 9asinldBMhdibt MIRCWHIR diflSmiT ARG YR ol Skl SRARKM Ty oLt @

: ®
val ve and fee controller to maintarn the“chanber pressure at he
desi red setsporaetfor (e fllbene plasineyit I bghly nepctiper Ehérefore, shepfudrorerpgabma

J TR R T LY T
oper ati on.. i b Blanipha s OORCIAPDESE e AGrRBRAFNERS ohdiriAact | on

gases are NF3 and argon. Typica he™F3 1's dissocrated Into nitftogen and
energetic fluorine



5 radi cal s. However, the unused radicals reconbine to formfluorine, which
"Jits directed fromthe systemas waste and exhausted, such as to a facility

‘abat enent device. It would be advantageous to reclaima portion of the

fluorine waste by purifying the fluorine, discarding the inpurities in the

waste stream and then return the fluorine for use in the cycle. However,

traditional packed column separation 10 techni ques have proven unsuitable

or unreliable for use with fluorine. Fluorine's high degree of reactivity

and instability makes a successful adsori@ent selection (for use as

adsor bent packing within a separation colum) extrenmely difficult. The

adsorbent wi Il conbust, or otherw se adversely react prematurely and

unpr edi ct abl yas\iRdtQES bé BEcoMPRED Rt adtBR AR nE B ds R t<aBhINBarAhtused For

adsorbent bed are nade to be non-reactive 15 with fluorine, or are

prot ect ed bychambeneleaning.uori de | ayer. Traditional steel columms are often

too reactive, an | ast i cyves nd beds ,combust. easi | Si l.i,ca,gel s and

ol ecular st eves NPwe LEMARERTNE SR pbeR f BF Ph By reoel@®o o, hei

llack of st abidrédtiVe ¥duedt cDehan&taltfioting @ refotioRs) aﬁw%ﬂﬁﬁ\éh@?ﬂé&-ﬁué &g ON | n
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one enbodi nent, the present invention relates to a nethod for recycling

f1 uori ne 5 r drrelpcalss Howevek e dripmatiowyrae HydemanddeeNEs baseprdtedimeivirgidhn i nner

surface, s air@ oS4 Tsﬂ&?a%g?}ﬁ%ig %‘%‘Rﬁ%‘%ﬂ%&gé mfARgiaP" R;Vaid‘alt{b%t 8§tt<¥ﬁﬁ‘é%18£niﬂ%nb or

fl uori ne-contai ni ng as source 1 nto process ¢

The cont am navtSsansingNFAatle dor¥umsi dbbut 154 b therflueeine eohtained wgthgasheand
renoved from.t he tﬁrocess chanmber inner surface to create a waste stream

The waste stNEnkthe agipslclqapmeronsationeWith thegemaimpg fluernedemngrhanstedi i on
chanber COrrpt?é&éd,‘ﬁetﬁfhlﬁgé%@é%ﬂﬂxaﬁgqisﬁﬁ’ﬂa{e&i ni ng an adsorbent that adsorbs

contam nants 1n the waste streamih the purification chanber. The waste
stream il9 conver t €yclical alsarption pedceskef hrecgenamallyg empieyed tforaeeiafidorde ect ed
fromthe 30 purification ng? er .to .the process, chanber as a.suppl enent al

fluorine soUfEIERPEEFSes. RUPHPIEIRSIeAAIOGERTSS RGHUREreTsHES SiFBE adiotaRent i on i s
directed to @sEBLARtbrhRratGledhS JadoRRIdh (TSAY c§r€1@§ﬁo§‘ﬂoﬁnﬂiﬁ§{im§%&€8§ e @
reaction chanber by providing a process chanber having inpurities on an

i nterior surddserptiandanibe earticdhgutdnfah @wangenzent bfitwd ersmorgradaomtion bedsnpound t o
t he process chanber fr a fluorine-c ai ni.n ource,, The fl.uorine from
the Tl uor: ne ¥ BRRRL PeRleL Bud piitivef SoCRBhe o6 Bhel P At SR oo Ggbpiaoing

associ atlisng adsorptibh evhileRusther 881 i0 BeinB@edenbRtddOrSpetific d@rifé rdchelepr ocess
chanmber. The fluorine is directed along with the associated Inmpurities from
the process aPplA¥ONS ino which the inventiom cambmineprporatsddnelude MagwymcYapaber

cont ai ni ng ' hg.i mpurities are adsorbed.
The purifi e?‘épﬁﬁgwgﬁ%@%tgﬁ@??é%ﬁg% c?ér%% Vﬁ%légé%aésbﬁﬁ fication chanber to the
process chanber tThesfiypinenentainihg sdurcocompoundnimi sthergesgentscand inort gates

anot her enbodi ng, he, present invention relates..to a nethod,for adsorbin
T oo bt ch P T oG ate Vst SupaHedaepured agpep gd - 0

di rect i g a Jrk atinffedInd OB Bth @ RoRBIrGABROFHidsde EorffoeRSIThATDT

having an 15 inner surface wth inpurities deposited on the inner surface
and di ssoci diawmgontradletd to@fienicthé cleaning grddesso rTheccleapingmcesg itsedfirequires t o

associate w the inpurities jn the process chanber. .The fluordine with
Mpur i 41 s 10 Eb B it sl dn 36 AR MucoaPR e o s e B e R anper
that cont ai nen@iniagBvtitte mpsimarsbendt ab@ve MsbriteRbMOaridBdicalp dfd pre®at PNt 0 t he
adsorbent. The purified fluorine is directed fromthe 20 purification

chamber to aperfomsthheleaning ehpanistankTo maintaiaithe plasma,the phasshenis keptata lovn i s
directedsto f I ing 4 i {4 I eact | er
havi ng %Sprﬁgsssgﬁg%%gﬁbﬁ&qeﬁgﬁa lI %éfs{mgénljéyl)% et%’ b?rpcfﬁl%ae%v(\:}éllsl%} St €am
outlet, the rembet thergabdous vaseProdiicedndamywintdacted Tead @8esthaf donirisd e a wast e
streamfor directing a fluorine-containing conpound and inpurities 25 from

the process <haysbans. i Thernressareds the shasher srtymicelly somdrobed by segudatingihe - and a
purificatio i i £ j

Chanber i ni aic o Pyt s BnPe cholberd Al Bhmo bifig tabhinf Brb R
preferably habaiad fdaivack cammller mabinaipthechambeloadsare athb degiredi setpoirdti on
chanber conpri sing. an _amunt of adsorhent, with the purification chanber
outl et 30 1 | tecrhaBhei FlFannsg wr@mmsaerfmaéﬁdﬁwfttﬁnﬂu@?@@@n AEPYSEHAT i ed
fluorine fromthe purification chanber to the process chanber. In a still
further enbodi ment, the present invention is directed to a nethod for
produci ng fluorine by providing a contained fluorine precursor source

| ocated 5 proxinmate to an adsorbent bed in a replaceable unit, an

el ectrolytic cell conmprising an el ectrode, said cell charged with an anount
of electrolyte and a power supply. Current is directed fromthe power

b o o T 1



10 where inpurities are absorbed fromthe inpure fluorine on the adsorbent
"vin'the adsorbent bed while directing newly produced, purified fluorine from
"the adsorbent bed. In yet another enbodi nent, the present invention is
directed to an apparatus for producing purified fluorine conprising a

repl aceabl e nodul e, said nodule 15 conprising a fluorine precursor source
and an adsorbent bed chanber having an adsorbent bed. The chanber is

| ocated proxinmately to the fluorine precursor source. The chanber and the
fluori ne precursor source axe in conmmunigation with an electrolytic cel

for producing fluorine gas. In still further enbodi nents, the present
invention is directed to incorporating 20 a repl aceable nodule conprising a
fluorine pr %E%ﬁ&i& SOpicafly 26Hé 18T vRARPEIEE offeRATNE fwifl B peffBrmddstivwtdon of
fluorine to be directed to the aforenentioned processing chanber having at

| east one i svery chadberraleaping apegatiosam | n one enbodi nent, the present

invention is directed to a.chanber ¢ i (0] that incorpo es in

S tur real i me STkl RePug e ok AP P BRa s frafhal BER HBNHG " gaces,
and that regnd hgohNTepidhlly theNEds disSoditedNinio nitfogep bfd EitrgdtRiiReine and
apparatuses can be used to recycle the unused active fluorine species
regardl ebs oAdieale Howeyendhe pausgd sediedleracembingde dorm Auerire, whirdyis divecsed nent

t he present ;i nvent i i ire n ) t qaterial c ri sing CFx
(wherein x iﬁls(? i @8%#%%3&? “%.S % agmg%g]%%ug%e%f%ﬂaggcggI?acﬂg? ﬁg%tﬁﬁg?tr ae?PC Jor oet hyl ene
(PTFE) in a rati & wuldbeutiviitdgedtdo reclaihirEportion of thefhbdiive vasosh ment , an
anount of pore-formng material is _added to the conposition, |In another
embodi ment , PEREINE @5@&%%@&%% the imprEtessn thowastesireasyandsthe gty  ng
fluorine fr r; r i ' ' waste 5
St ream i n 1 A o R B T i B SRS e

st r eam t@nprachniqgesshdve posvenamsuirdble o umgelimbid for asecwith dluoring Floprime’s high. A

purification chanper is pravided.in fluid co ication wth the waste
stream ThegfﬁIF? g?@é‘ftivdwpa@ﬁd% 1¥‘fy§“ﬂ%?€@é80?ﬁsn¥fﬂﬁp%q€?°éﬁ?ﬁlﬁ?¥\é°89n % UsEfSor bent
I'n a separ ah&&%%@ﬁ&kiﬁ&‘@ﬂﬁn&é&ghﬁti&ﬁ @&hﬁﬂ‘)”H)Etré?néiyhﬁﬁ@&lﬂui"?é-ac%orb-gﬁﬁ wast e

streamis directed fromthe process chanber 10 to’the purification chanber,
and an anoumtll eémbusiorriatkerivisesidpenselly eeact prematurel yfandomprediatably nnlessthe mi xt ur e

in the purification chanber . The inmpurities jn the waste stream ar
adsor bed on ARl HEBRRE e sofrih e teiefSorheht BAT it dhste 18 PERAPTRASNG i 11 ed
fluoringsi s withrfRfekineg, drf@epiotatdlty 4 stableifRbrie® RYBE T Tragitidnalstdeh86luinal kre OF

sent directly into the process chanber. Efficient adsorption of the

i mpurities pBemwodgsstivecanditastiseessslsamd bsdeeampbust asilyc Slica;gglstand

t enperature - / rably from
about 800 Fistafr fey st AT LAY Mbtab ROk HoBROLpoiin ATPIARBE R Y | Toc.
Furt her, t hetablitity whenh efgosed tonfluatheor pti on of the inmpurities on the CFx
preferably occurs in the pressure range of from about 300 torn to about
2000 torn, and nore preferably fromabout 500 torr to about 1200 ton. 20 In

still agwther enbodi ment, theuRINMARY OFMERINYENTON rected to a nmethod for
cleaning inpurities froman inner surface of a reaction chanber. A reaction

chanber, or procésenacémbdsiments therppesedtiventionrglaiesio pimdtled fonregycling er i or
AL ¥ ST IR S Nt NN,
di ssoci at edsdid eapfide@alingohfaarifans aldprodiding a stream of fluorine-containing gas

from a flowing gas source into the process chamber. The contaminants are contacted

25  with the fluorine-containing gas and removed from the process chamber inner surface

to create a waste stream. The waste stream is directed from the process chamber to a

purification chamber comprising an adsorption bed containing an adsorbent that

adsorbs contaminants in the waste stream in the purification chamber. The waste

stream is converted into a recycled fluorine source stream and directed from the

30  purification chamber to the process chamber as a supplemental fluorine source stream.



25 compound, said fluorine associating and reacting with the inpurities on
“the interior surface of the reaction chanber. The fluorine and inpurities
are directed out of the reaction chanber, preferably under vacuum to a

cl eani ng chanber, said cleaning chanber packed with an anount of CFx
adsorbent, wherein x is fromabout 0.9 to about 1.2, and the CFx conprises
an anount of PTFE. The inpurities are adsorbed 30 onto the CFX thereby

rel easing, purified fluorine fromthe adsorbent bed. The purified

fluorine is eventually directed fromthe furification chamber to the
process chanber to supplenent the fluorine-containing source in the process
chanber. Efficient adsorption of the inpurities to be captured on the CFX
adsor bent pr ef er alth yn@thetensbddimemethepi@entinusionds deecdéd formetbd fiéir - 150C to
about 20C, nore preferably from5 about -80C to about 10C, and, nost
preferably fclfgnmgsmputitiesdren agpwmar surfers ofpeagiiop chemberdyprpedingd i ci ent

adsor ption of LRt § . 1 ssure
range of f ror%r(}a‘%gsu 300" {.‘%‘rgﬁg ?@plgﬂ%ﬁ?ﬁ %8@%@:%&%%?%?%“??3 e(ra’a@f% from
about 500 t orfluotine-abutainirigZénponnd td-thetphadess thamber &oand fluornertintaining
directed to a nethfg for ad orb'ng i ppurities 10 fr@gia tluqriae-,%H t ai ni ng
stream i nda reYSHer B¢ HHoEREEOBARE Tnenne-contaiping spmppeRst is disseeated i Be
conmpounds fr LRSS EaTWalel i i Eoghe?!
reaction chaggggyé##g&?l o??ﬁgmégﬁ ié%ggﬁgﬁggﬁﬁgg%??ﬁggfpﬁzr?ﬁ%ggonté?ning
conpound. Thdhelflworinas dsstediakingswitin therassosi sedunpurities fiompthe iptacess ¢hambhe
processi ng chanber,,. for exanple, . on the interior surface of the prpcessing
Chanber . The ( f gt fiion cBARBimsiid PlatiR cham R sentaee & smgumial pafprbera
purification aharheh tiiRiptiifed freads@BBRY MhOpurfiied MideRe PeMtected BERitke X |'S
fromabout 0.9 to about 1.2 and the CFX conprises an anount of PTFE. The

i mpuriti @8 amperifidationizhdmben to théprocess chamiberte shpilemeantdhe fiponine-¢antaifiingor i ne
is directed fromthe purification chanber to a fluorine storage tank. To
accel erate ré&3¥i®&ration of the CFx adsorbent bed in the purification 20
chanber during of fin g¥CinBtHerbRBodiifen) tREHSSent iBehesn tefatébXb AiRéthed fdreaned) , a
flow of inert gas is preferably directed through an inlet into the cleaning
chamber, and adsnsbiag dwpwaties frern aiffuosge-santaining streaphipsiridsorhent bedbsved from

t he CFX and r i fieaf | A he
present i nve?ﬁ%ﬁagﬂ%‘{vrog?tﬂélgﬁ?gldéﬁrltggp éroa uog]gggér)ggoé%nsz Jr}llamggﬁ?%%{ﬁﬁl es
from a pnbcesmet barfdrerwittoimpugities déeaited om thelinhertsuefack audalisvasiangtheeam The
process chanmber .inlet (s _in fluid communication with a source of fluorine.
A waste st r edPTiBe framythe flRAEneCoNRBIE FOMRoHRd: thiRFRYCRiMB B Hif EWYTIHEHR i ti es
fromthe progessocQehahba ThEUubrihd withUinbufREINAieaks BBmYht Brddag Process
chanber and a purification chanber. The purification chanber has an inlet
and an out | echambes to alpstifiggtidpeihagbenthat eanthinoamamewd of adsorenh fartadsasbimge

stream and l,ocated. .downstyeam f.,ro t he.pr.agess chanber... Th urification
chanber conp?l?eslgﬁpugﬂeﬁ%ﬁﬁ%e 80859 'cm d&fqung}F @Fﬁffﬁqtﬁ%? FE,
pref erabby i pudfivdtictochaiber 1ofa flveite sthrdge(tefik PTFE) as an adsorbent for the

inmpurities, wherein x_ is fromabout 0.9 to about 1.2, with the purification
chanber col unn outn additipn,fthe,prgsend innentienisi divected i am apparagipr slepBingdi r ect i ng

purified fluegrine:fr I ] hQ: . .

R e Descrt DrPERir R ol bRk batint A LA HRRG PRaG R RAE:
gener al ter mand bad wastacream butleroihe xdetlil fluidleorhmubicati@cwithpaoyicagf dr awi ngs,
whi ch are not_ necessarily drawn to scale, and wherein: Fig. 1.is a.hlock

di agr am descfiuBring awasigfteeam fog duesting reoBlaiing ReMpRdad imppgties s g
schemati ggre i ar : -of

venti o anREe piidealciinir B b RmBE AREA Y bt BoctdiRibes dnd o

repr esent at i perificamashaaber inyiny asielet andareostiedthe puxficatibnahainberanket in

schematic representati.ons of, referred enmbodi nent _of .the present

venti on sha GGt itk BT e b BLRe Y st appesm
DESCRI PTI ON Qo e rﬂr&%@_@ﬂaﬁ%e{hﬁe PlrsF&Rbn CRMRBr| BMpRiSiWhlamdRgs gescri bed
nore fully hereinafter with reference to the acconpanying draw ngs, in

whi ch pr ef er adsbriegritoditnthetpairificatidnechaibenoetiet in fluidreomamanieatiofitwith 4 nvent i on
may, however, be enbodied in many different fornms and shoul d not be
construed as limted to the enbodi nents set forth herein; rather, these
enbodi nents are provided so that this disclosure will be thorough and
conplete, and will fully convey the scope of the invention to those skilled

inthe art. Like nunbers refer to |ike elenents throughout.




9 Fig. 1. is a sinple drawing show ng a typical reaction chanber cl eaning
apparatus. Block A represents a source manifold for the chanber cleaning
gases. In a typical configuration the gases used are NF3 and argon. Block B
represents a renote plasma generator. Block Cis a pressure reading
instrument. Block D represents the 5 reaction chanber from whi ch unwant ed
deposition products are to be cleaned. Block Eis a large throat vacuum

val ve and vacuum punp, which together with Bl ock C provides pressure
control during the reaction clanber cleah cycle. Block F is an exhaust port
| eadi ng to an abatenment device. During a typical chanber cleaning process,
a flow of argon in the range of 10 fromabout 1 to about 6 simfromthe
sour ce nani bathehay Ar difectfig pirifiehBebrafecréth tIRVREifiAtibh eNinBYr o TRHré@REDt €

pl asma generator (B). Pressure in the generator is kept between from about
1 to 4 Ton khambdreedback | oop established between the pressure reading

instrunment (C) and_the.lar hr.oat cu al ve.an C u . A
plasma is ignite gﬁtg‘l?gfrﬁloe\?\e B{)g%@p&‘éﬁ? Pr%g%n\(}&wfeptég@ %f‘i{‘%ﬁéaf%%%%é t hen
est abl i shed podacingfhlotive by prdiedingagen@inelfustiab prdcuisot Sourdtdidtatéd sl m  The

argon flow is adjusted to neet Ci)r ocess requirenents usually in the range
zero to ¥woPraxieatettean pisorbangReq iy areplasesble weaitrangleciralydis cgl gemprigiBg pR zed,

pressure in e i i i j ut 1 to
bout 10 Tofiectde PR B e TR W8 Bl S SRR EbopbATBRC L o0 f e

i nt o ni t r og@urrenyis ditectad froat the pbivepsupply toate eletisolyil eelbatid then fHedWiokihem t he
renote plasma generator the gsnprises ﬁ gas m xture conu?injng anount s of
fluorine ra8TeeHrser suhireptsd do theglechplydic el dhm amepnt of amppre flugring 1455 ni xt ur e
enters the comelddtod OGBS dib of e 488l ARANIRAARERE o 1PdaaldiBerfBEA 9CT I ©
fluorine radicals react Wltf’l nwant e eposition products, such as

si | i con1@ontdierd ingpuditiesiars absirbed frbartbédimpire diworige oh thecddsorbent intheunwant ed 25
deposits. This reaction..proceeds typically for_.a, period.of fro bout one
Lo several  ASEREL behvhile directing e Earodupsds PERBRY fperineciam Sheadsrhsted 11 om
t he chanber ped N sone cases, the reaction endpoint is nonitored with an
optical endpoint indicator. During chanber cleaning only a small fraction
of the avail abl el yet@npther erablodinment, theapresentinvemtboreis directad earn apathdyposi t i on
products fromthe reacti hamber. 30 | ndeed e pority of .the fluorine
o cal s r oSBT e BOBRR Srmpriing Pagirosab L RIS g et e | ot
avai | abll® t @opfising b flabfiné prebusbn®urd drinndssrbaittbed REambétrdHaeing ant hi s
fluorine along with nitrogen, on, undi ssoci ated NF3, SiF4, oxygen and

ar ;
ot her react Péerismbhett She Shagibiepisdpeated proginately|t the fpsing PESAITSIE S9UES- ( F)
t hrough theﬂ%%%ﬁé?raﬂ@iheva\(@éuﬁ%r@&ﬂcya&qﬂ%ﬁ%icg n withfahd: 2 shows

one preferred e diment of the present Invention. own In Fig. 2, in
one enbodinehmﬁomﬁgcﬂfﬁx@nkhhh@ﬁhmhmnghs directed to a stand-al one _
e oo e L hhoBieh S oSO LAR PSSR, "
system gl i YQEpladeSBI¥ PhGRhd Edhprisitel £RASori K FebtSorGoBRRIANG aft RAJBRASNL L O t he
process chanber. The 10 cleaniqg gas conprises variable anmounts of NF3,

CF4, recycl ebangier fgrxhe praduetioree! Bungingde be dirbeted fd the eforememsinngd ni ng gases,
such as SF6._and.varni abl e, anpunt f inert gas such _as heliumor argon. The
ecycl e sy PR albeShARY N 8® bpd Hend BRe UGS Biaoer 14 Cwnich | <
typically under waentembbdiment, tHegreeitinvidtionds aieaed tita tHanbebaleaitagt and/ or
recovery, purifiggéLon, bléndingi %Qg re-iq%gg&g;%%%g %Sggkfﬁge cl eani ng
gas i nto t h8r9sEHIBAINCHRHBES 11 Y, HCaEI CRUE! ¥ B¢ essur e
set poi nggi N | | 3 1 I S esent

i nventi %Sn nﬁ%‘ggg{é%g%elﬁ gt*egﬁlg%égudfﬁggggﬁdégﬁxgx éfu??lte%g%és? Iét, ’}‘g'ﬁ%p y
gases, poweand appataviges carhbe tisedad revgsle thé umped attivelhidiie tspediesakgadiengof
process. The pr_oce?s chanber 14 includes the renote plasma generator (not
shown) . 20 Weorigrel gagpmtehemicahysedynaust system 18 used for oxi de
deposition are s Wﬁnﬁﬁ 8 ol L r b ft

swi t ching val ve Z‘g se egt@lg1 %@tﬁv{cﬁe]én %ﬁgsﬁlﬁgﬁgs%fés&l&g@ﬂmn%uﬁsgr% or the
recycl e punmaffial comprisice€¥, Chlsertiarx is flvaushoutrf¥agabeutt1.2)yahd/es 27 and 28
are used to isolate the process gas supply system 16 and process gas vacuum
punp 24. Note that valve 27 may actually represent nore 25 than one val ve.
Val ve 30 preferably is a |large throat vacuumvalve. In sone control cases
it can be operated as a throttle valve, in which case a pressure signal is
taken from pressure transducer (not shown) and used to adjust the opening
of valve 30 in a feedback loop to control the total pressure in the process
chanmber 14. In other control 11 cases, valve 30 is set to a partially
open throttling position or sinply set to the full open or full closed

) o o



Pressure transducer 36 senses pressure (vacuum on the inlet side 38 of the
recycle punp 26. Mass flow controller 40 supplies an inert gas used to

" purge portions fO of the recycle punp 2b. Pressure transducer 42 senses
pressure (vacuum on the outlet side 44 of the recycle punp 26. Check val ve
46 controls venting of the recycle punp exhaust 20 to the abatenent system
(not shown), which is assuned to run at about 1 atnosphere absolute. Val ve
46 is shown as a check valve allowing flow to the abatenment system whenever
the pressure of the recycle punmp exhaust620 is above 15 the abatenent
system pressure, but also preventing backflow fromthe abatenent system
when the pressure at pressure transducer 42 is |l ess than the abatenent
system pr es?bnwtraﬁabl\seth&t‘ene QT EE pins0ralis oRabteg DANICER: PAFEKPIES Rivher 1 egul at or
or a throttle valve together with a feedback controller operating with
pressure tr gmbedinent, 42 ameunkeimozg-forming meteniabisaddebiorthe compegiienes 52 and 54
control flow of gas fr the. out| 44 af. t CY- the inlet
56 of the cleani ﬁba%:%lée?rb%}enrb%ﬁ?ené’r@% gFeeSi%quﬁ?ve\gglP}\;/gs ‘é% c?egngﬁ{lj%ﬁmi ﬁ%w

open/ cl ose yalyvlitngaMebrin@!fsten 2 vdste streh®dS tA prokesd chhidberop prdvidedseitlvamaste |t 1S
understood that a single throttle valve (not shown) could replace this

val ve cohbi Haeamin fluid somamnisationyith- caten chambery s9id WpGsEFaAYyas i nto an

adsorbent b ! g : ﬂ]{m il g’p [ d pressure
di fference gﬁaﬁlgsrdéé}?glleﬁgﬂé g(g}t%gs ar{xn.?rgff{éahs éﬁ?{%les't '\%ﬁ\l?lgl% étgés?l is also
wast ef ul  whelmanitiee iprovided difloid dohenurdcatiohavifiuthip w2Stel strearh. dhepapifiedtion

pressure and the adsorbent bed 13 is_unde acuum at the start_ of, the
adsor pti on €jam .lwﬂqﬁwh@eﬁm&@wwsg gniopR sgRAAdeHZane; wherelx $phout
0.9 to abou i Iyl etigsd [ QG Sapiveped
herein, sai gog%ogg@%? ??fgjr? ]b%npri s?%%\ﬂa%ﬁﬁgeg?&%rbgﬁsgptl cyr?gl ly a
por e- f otOn ntp thg pntificatiohZhAmben; dnchan smotitef fluespais separetetlifiom thedluoeiae60, 62
woul d be used when the inlet 38 _ of .the rec e punp. .26.is at vacuum and the
nsor bont - pEISTRAREM (e el frsion Do  Hie Putes b e SHEMR: | on
cycle. Val vgg 80888010 theQH ddSdrbbMan thOpuricalias chdnber! 44 thop@ified of the
adsorbent bed 12 to the inlet 38 of the recycle punp 26. 5 Preferably,

val ve 62 i sfluoring is direetod &penthe pusficatiainchamber tpal serag@tank, of sertediriedy ed f 1 ow
open! 0%, YA Mk prbest Sy BHRSE B G 0% Spb AR B NBASRAL, o
f1 ow of 1§as Crppreférbisly oeuts irethe Werpetturd@ngé bEfrémi aboat -+ 1B0YE tdRIER0°C,

di fference and prqvide a "soft exchangers 64, 66 ensure the

start". Heat
gas ent er i ngorqpretarain friom dhoatn?(°Crto apaut0°Gandqeost prsierably s eb@i - bed
target tenp r 1@bEr e Iéﬁra%d : : I ponal .
Pressure trg?]‘gjﬂ&caSPUG sgnggl?l%?%gyﬁ?é (va((::luu s‘ﬁ’ﬁtg ﬁggg{ﬁéﬁéﬁgﬁ? ethgla
Si nce t her eCFgprefersblyocéurs amthe pressenerangtraffronh ripoxy B 00 ket tabonb2000 thed 13
pressure transducer 68.could als &f | aced el.sewhere, such as at the bed
inlet 56. VAt OWrﬁéFﬁbﬁ%Hﬂﬂq%(?Bg% @F’t&aﬁ%‘r"‘e]izﬁgrt?npgr ge gas such as argon
or helipg) 15 fr @Al dHotHep 8RBOSIPINERhE PrRbent MRMiofl 1 difteted e a iRGhod for
regeneration cycle to provide a reverse "flush". It is understood that
val ve 70 codleeninginpiyrities dom an iineesusfash ofa reactien ehamisre A rgagtionshambery a| ve,
an open/clo Lve 10 series, whth a.fix orifi . an adj ustable needl e
val ve, or a&gﬁ‘rg?{«%srﬂ:g sb?rllg rocbdr? rh g \Pe P k‘ﬁﬁ%se"“f’f @ﬁegxo?%%rsa 12(1)nv(\1/a ac%?]‘? P gl | er
74 control a@ubfine-eént#tingfdofpobihd iy diftetedad iRl proO@s ERGNSdr Frop@ s fldbrihe t he 20

process chanber, 14. In sone control approaches, valve 72 is an open/closed
val ve and cetit#ipingspuree. e Huasngisidissogiaied dtom the foringwopt@ining under ot her

control rapp ) ol . i . onl. : . (N0 NMass
1 ow meazur eaarturos s oo Soctdinll B PRTpR R b MDA AR rtor

appr oaches, surfich of tretreautioa rcharbern T hedluoeing andiimpyrities and dirdetdd cuvofthel | er 74
only provides flow rate control. 25 Mass flow cantrollers 78 and 80 control
the feed of re@&éﬁ%&ﬁﬁ%&@f@ﬁt&@?w@gﬁw&a ﬁewa&]c%nwe%mf AS8% e not
shown (eXC|H§drﬁ4ﬁrg§% eg%ifh!ﬁ ))fb@‘f%]d;&%g%?gi ift R3TRBMm abdufyidkd9 the

cl eani ng process Dependi ng on ed process start up
r equi r enent shout he endythe G4 copnprises ameamaowit oBBRTFEqThe édpur@sssaraadsprbetthe f | ow

rate of _one or ouy ce .gases 82 W |l .be reduced as r cle s 76
5 S0 r i Ur il By el ntied fytinararg heSaisabinttiods The Bt
chanber 14 fromthe 13 cleaning gas input streanms 82, 84 and 76, such as
during deposition. Pressure transducer 32 senses pressure (vacuum inside
t he process chanber 14, and is used as an input signal for controlling
process chanber pressure during the cleaning process cycle. Control is
achi eved using a feedback controller to adjust either the vacuum5 punpi ng
speed (by controlling valve 30 or the recycle punp 26) or the cleaning gas

.



15 in the cleaning chanber 12 at a controlled rate. Wen the pressure
medsured by pressure transducer 68 is equal to transducer 42, valve 54 is
opened. Pressure in the adsorbent bed 13 is then determ ned by pressure
drop through valve 46. The feed gas conposition and flow rate to the
process chanber 14 are controlled by setting the flow rate on the

i ndi vidual mass flow controllers. These nass flow controller 20 setpoints
will vary with tinme. For exanple, controller 74 starts out at zero and

i ncreases as recycle gas 76 becones avai Vable. The setpoints for the other
mass flow controllers are decreased based on the flow of recycle gas 76 and
based on keepi ng vacuumthrottle valve 30 fromopening too far. Wen the
transducer GRoHAS s d@@ﬁtﬁmﬁ&r&bﬁfﬁoﬁlhﬁef} fition ¢RANBErIte )i &Y CRambdre
recycle gas is avarlable Recycl e 6 can 25 be withdrawn fromthe

adsor bent béelsuppl mem &qﬂmnﬁaroe@lmnm@rw mdbelnmpssa:zka@b@psliﬁﬁsre@w sone

m ni mum Exc s..20 fromthe IS not

purified f o ?%Ety?ﬂ @f%ﬁ% f@% tg“a t?é g? oﬂ@{?? b%%]ﬁ}%\?g prgpaegwly %cs}lﬂsrﬁnng t hat
the cycle stid fempbfaift farfge |o'fYrohﬁﬂ%ﬁlef—B5(PQ to @H@&Q@P(Bdnoﬁlf’p@efbﬁ@lyaﬂr@rﬁ
adsorbent bed condition, the follow ng steps occur. Preferably, the process
chanber Pr egbewte-80%nia about L0°Enans mastapeiesd PWHhtdé)rm?sQabQ‘éeéiﬁgck | oop,

d I 3 f
o e Lo P! et PR B RO o i QR ol
is ignited. m\t}felpmsmfe rhitge ofsfrmmbthQOemhtd abnuf emo 9as aiiPmbore p:b&rﬁtﬁyrge of

from about § %tt 6 sLm The flows are allowed to stabilize, then feed gases

82, 84 are Qi SPQ toreloabarth 20038 i ti ons in process chanmber 14. The
appropri ate gas "ﬁ’% 44 of
recycl e punp 26. inuﬁ eB]?ﬂJT %%H%i%g%gginqg ﬁ{i’@&eﬂ zf)y%@rggg{;&ln%&@g)% ltl@%ter

t he appid@pr ifnea ﬂnersm:rccmtmnmgtstmamelﬂ airegenbmtecll adaorbany bedadbBow b2 ;ﬂubhme

pressure transducer 68 is ni t or ed, Acontrolledfl w of rec as 76 is
sent thr ougﬁo’&%}‘?ﬁ‘}%‘fqn&"“’?ﬂnﬁﬂ’ﬂ“é‘ NS gRoniAniAS SQUIgy st TeFWé%IaBé) cing the

flow of newrfdcHen cientse@ Nk ﬂhBﬂn&is%&b&gteE%ngawe fluorine Les@mifScdnipokifd.
nonitored to be certain that controller 74 is not over-draw ng the PSA bed
product i on redluodneassotinies gndiseactsmthathd impurities indjeproesssing chamberoforf eed
gases 84, 82 and 76 pespe end.of .th r s _chanber cl eaning
cycle. The pf‘as ’%Ib{ﬁlgé@e @rg §ﬂt £ pB?CTeSSI%Cﬁa%ﬁ}eE’e?ﬁeggoﬁ%s flow (close
val ve 905 cebpinffihgled snt}i4mpﬂﬂnes8£l; dikeiedao adurificatidnosashbelycontsifiing@nc| ose

val ves 52 and 54. Valve 30 is then closed to isolate the 15 process chanber

14 from t he B8R RT{cFxgdeorbenty Wheremxisdram Wélt@r?rf@eabsatrl%wrl@r%g val ve 22
Is set to S%Bﬁghsés% o%ﬁ?éPPWUT‘Hé n?eéareV si!}n% né%nfost L BgnapPgaed to
evacuat e proceSs cha 14." Since t rocess c er c eaning cycle is
now conpl et diberated, mldimlsﬂ;u(nimanbénrecleﬁ fram thepurification dhdmberde pdsiotinon, and

the adsorb t he chanber 12 d tly,
e e o logasganis acer s Spsaeranan 6 e L a0 eh SR RATIEIE DB "0 | &
opened Hol | emeﬂb&muﬁﬁgw ER16/(WARN tEAHTDELS RhariBeri§ néeliriy AbARE), ATRWPSS 1 O

transducer value 36 for soft start. %al ve 70 is then opened to admt a
control | ed mmarsaserefﬂrablyayhctgéﬂnwgh(m ml@g@nt}mclwmclwaném agdshesuch as

argon or heli e fI he VaI cl osed
and the cl egﬁéljng cﬁ’a?nﬁggséﬁhpg é’%ﬂl lfda%? ?‘P"ed%g’ R\ exgq%sgﬁa

cl osed to i fehpthe puificattmahagper.bed 13 in the cleani ng chanber 12. The

foll owi ng node of operation nmakes 100% utilization of the available recycle

gas as the pri maSiilldanherothe prgsentipyentiopis diseqtedeto anappaatusor ¢leaning g gas
conposi ykon

cporati ah, FptHncs TR Fpfo Rt uBRARn bRy ALEP LY Bt sh b bR TREEMR i 11 on.
Pressure i nThegrquesscahambainieh agrineftuid éommunivation Withc soprcerd luoiing Wi t h
transducer 32 and using, .a feedltz;ﬁ ack | oop 15 to cont r((gl t he, row 2 of
fresh fl uor MReteSHRM; ?F‘HEFCET‘%Q uﬁgn‘aa%ntamne Gomppugd an jes ifeomn

control | ed Brocd dhahibBaE 801 8!l coifimbhfeatin 4AR he es@'&ﬂarﬁﬁér‘é‘ﬁ d30 to
indirectly fncrease or decrease the gas set e pressure in
t he adsor be purifieatioh cBambert iTRiel ppridicaidrsclmmteehas a(nenu:t arﬁd aedutletgbeaett i on

conditi At .the a riate 5 t val ve 52 ensto begi n

pressuri eipgdn EB’d’ ‘%g“ﬁ‘gmﬁat’(%ﬁf lrlbhlleé’éﬁsreagtt@mm oFpied ﬂ?ﬂg%‘?ﬁa@ i %sured by
transducer 68 is equal to that shown by transducer 42, valve 54 is opened.
The pressure in the adsorbent bed 13 continues to increase. When t he
pressure setpoint for PSA adsorption is reached as shown at transducer 68,
valve 72 is opened and a PID loop is used to control the setpoint on
controller 74 (or to control 10 valve position) to naintain the PSA
pressure set poi nt. In thr S way, 100% of the avar I abI e recycl e gas IS

o r 1 1 . o o [T o o o




25 which will reduce the flow rate of new fluorine-containing cleaning gas
feed 82 through controller 80. Controller 78 and valve 30 are set to the
“throttle position, and chanber pressure control setpoint to control feed
gas flow until end of the process chanber cleaning cycle. The plasma
generator is then shut off as well as the flow of feed gas. This is
acconpl i shed by closing valves 90, 72 and controllers 74, 78 and 80. 30

Val ves 52 and 54 are then closed. Valve 30 is then closed to isolate the
process 16 chanber 14 fromthe cleaning gas recycle system The three
port switching valve 22 is set to select the process vacuum punp 24. Val ve
28 is then opened to evacuate process chanber 14. The process chanber 14
can now be ﬁﬁﬁq b N j : e,
deposition. At ?ﬁ?éctinéﬁlgggﬁgggﬁggg??%ﬂggrﬁa Sg?%g%%ﬂgng§§@¥% desirably
occurs. Val vembined snith adZanzouat opRHEL, melgrably incd Wi %avatio of heoyt OelsEilixe at

t ransducer LS cl os 0 e pressur.e at transducer ,36 lve 7Q is then
bpened o altFE) & BORBPEERLAT AImoRHliEs Nberdinaas 50 aant ¢4 Te i 1 her

inert gas suygth A8 paiS@fiof chilBbéréBlunfilodtlc® I AuikQehifuriEitfon SR pathPay ever se
flush the adsorbent bed 13. Valve 70 is then closed and chanber 12 i1s
evacuat efl. Yer dizsstigpurificdsfuaging frome thequoidisatianochambies tsl the prachss cambebent bed
13. Fig. 3 is a graph showi ng the adsorption cycle of the present

i nvention. The synmbol (? ) represents the SiiF4 concentration at the outl et

58 of the adsorbent bed chanber 12. At the begi nning of the cycle under
i nvestigation, the SiF4 concentration at the outlet 58 is at sone

rel atively high | evel unBRIEFHREYRIPHIONOBISE DRAWINGS t o0 15 about 600
Torr at about -3 i | i or b . rating
pressure is reachiymef S¥ESddInt B oMaER R RindieredBEE ohf RS
recycli ng pixdessthetabeonfpdndinpatrawinigs,avhiol aktnot hecesstsidy Bewin tbadaleuindet 58
drops appreciably as the SiF4 is adsorbed on the CFX adsorbent in the
adsor bent b&I®¥: As shown in Fig. 3, as the pressure in the adsorbent bed
13 is reduced, t i Q@%& [Woln? . adsor bent
bed 13 predict ab?%'gég?rl{%%?o nﬁhgﬁp%%@ﬁﬁgﬁ;@?ﬁgﬂ% g?%ﬁ%y hi gh

| evel notedpsmessier in the cycle. Typical reaction chanber cleaning
processes flow NE3 i.n the range of fram ahout 1 to about .2.5 sl mand argon
e range of  Fltoisb Ao of sepisuiatan of fprofasERiPARs o5 isPRIERt chanbe:

cl eani ngs pr gHRAE&S ahd | N the range of from about 50 to about 300 seconds.
25 According to Figs. 4 and 5, a preferred purified fluorine system98 is
provi ded. A noveFigrddug graphshpvimedhdreaciion eyclnf 4 representatiys proeass ebhgr i si ng
a fluorine [S6 Q%&;ﬁ§§urce, preferably hydrogen fluoride (HF) cylinder 102
and an adsofben ed 104. Preferably the bed 104 conprises CFX, NaF or
conbi nati ons t heFapf 4 addé aledthdfidtic epreseaitatiailof agphéfeiredlembodiaRhtiofthe ow

| evel s of contani nants that, may 'siﬂgo fromthe HF, suych as SiF4, AsF3,
AsFs, etc. PHECHENYERHOR showings afits squiee and adlsprient bedy source precur sor
that ispgequired for the purified fluorine gas production. The HF cylinder
102 is connected to an electrolytic cell chanber 106, preferably containing
KF 2(HF) electrolyte 108. A carbon electrode 110 is placed into the

Che el ect rode (anode) - Dt AR DR RIS o tHR AR TIGNERber 106 °°°
Fluorine is thenTgepriaiteavefioh ABwanAdR debdritRa tndré Gl RerBaf&aSith | S

generated on the chanber walls 112. The hydrogen | eaves the systemthrough
pat hway 114refenetcs to the aasompanying fieawingsy inivhich prefeedembedimeptsefshg e cont rol

and dil ion tank 116, The~fluorine pro ed t ai . HE E_as er
Ao ur t 254 OlhyleRfich drk Should' This {NenlSn By TS Rclcf Y bRl nfeny Wierh1®
The HF and f§inftane shoul®uoi hd @nsticd @dhnitddad thy ethbelindarsbiefoithbertid;04. The

purified fluorine is then directed fromthe bed 104 to_a fluorine surge
tank 118 unftather; theseembndiments arerpravided go hat this diseleqre will betheronghandof Fi g.

2 as the fl ' , ' | O . SRRET f

ltori ne 1 SOBiHE: BRLHAPAHS oo e SPhuedrimyeiohdp AP T el
and puri fi chikeatuniterdreferdo ke elepenistthyrohglemtas exposure to the adsorbent bed
w Il allow 15 approachi ng about 100% fl uorine. The use of the fluorine
production system 98 does not generate N2 and therefore delivers a higher
concentration of fluorine delivered to the chanber 14. This will further
reduce the high cost of renmote plasma chanber cl eaning by reducing the
total gas flow to the adsorbent bed chanber 13 of process 10. In addition,
the purified fluorine system 98 can preferably elimnate the use of 20 NF3.
Figs. 4 and 5 further show the nodul ar aspect of the HF cylinder 102 and
bed chanber 104, shown as a unit 100 being renovable fromthe purified

o o . . "



18 I n one preferred enbodi nent, the fluorine generation systemas shown in
Fig. 4 sized and designed in accordance with overall reactor dinmensions.

Fl uorine production rates of 70 grans per hour are nade possible with a 100
anp electrolytic cell. The product fluorine produced and | eaving the
fluorine generator would be 5 purified fluorine at fromabout O psig to
about 30 psig. In one preferred enbodi nent, the sem conductor cleaning
process taking place in the process chanber operates for about 1.5 m nutes,
with a three mnute deposition tine. Dur®ng this entire 4.5 mnute cycle
time, the fluorine is allowed to accunulate in the fluorine surge tank. The
pressure in the surge tank will be relieved until the 10 fluorine contents
are consunmed and Hé!q,&yaséiﬁ eQﬁQ\!vfh% sh@wﬁ@”hstljﬁﬁaﬂeﬂ&idr{@laﬁﬁbf‘ﬂeﬁﬁ&giuced by
the fluorine generator. The nodule showmt In"Figs. 4 and 5 is a safety-rated
gas cabi net apparetus.f BlockiA mpdesthts arsbwuree nmeanifold: for theabambapdlednaup gidses. Inke

dul ill b i at tilat t d buil di des.
The cont ent el PR 0 gbies pad irp ek and Rigpac B Miressily aSoRotCal o
which will alfRfda dehraRPEBRIRIC A prevutdrehdMgiitrudBARN B106k DrepesdifPingt ed,

the entire nodul e may be renoved and sent back to the vendor for bed
regener abi omeagtidn piFamber ffiom whichrunwapted depesition pmdedis sreviape cleanedh Blagler
receives a fr.eshl egenerated bed and refilled HE | j,nder., t e~replaced
| the T uofi 8 by HEGR GeBbg §abEind Bt by o R RE el L en Fon.
the novel pHasess ppéssareRvnRbl digingRhe ichdtiondcl@fiber! diain’SleatBlo¢k F isu@y i ne to
reduce the anount of NF3 reactant required in a reaction chanber cleaning
process, i necghaysbratileading inpn pkateraens devisei bl e for the first time due to the
use of the novel f, 1 [ e i . eri in the
adsor bent bed. Tr#ea:r%lfg%ftgélrg @d’% E@)@g&leéﬁ’y&gﬁr&%%gh?ﬁ?%@gﬁ%% gﬁg?ﬁserrr%ha eOfsuch t hat
"X" is 20 alfiodi abovdndo ataut 6 sipdini theablii¢e manifbRl (A)dseassishedartd dllowadout

1.2, and nost preferably "x" is about 1,15. To performoptinally with
respect to thBop BEdhe remajeplasya gensraton(B) drgssurednsheganeratar ig kept

manuf act ure [ j SABRBGES ch
Chem cal s, %g{‘%egggfb E% ) ?mgwgm%fb@gﬁcﬁ%ﬁ%%%?errgg adsgﬁﬁeéﬁt%

mat eri al f oreadéng instnirhent (€ paetthe largetiroa vacomprilye sndvamppogine(E)f 0% CFx

30 and 10% pol ytetraf | uor hyl.ene, ( PTFE), in t rm 3 X .
oxtruded  Phrsiant tgpued S aleted B Sbliod BBY e FERLO1GE T @RITEH ¢ ne
present 15nVeBkdIin Mcraf O Frdh abb\ 1605 ABBhESSIRE I THY. ardBiLAbW YLl f0s f ur t her
illustrated by the follow ng exar‘rPI_es whi ch. Unl ess ot herw se indi cated,
parts, perc@rehp@sessaenuigments ushadlypindberange zern ta twe tigies thediFoflowratems s
basis. The f [ne- W] o S | n t. t he
present i nvg rﬁ%gg%eﬁ%& g%{rg?sla]talgg ﬁ%g[]&%ér#ﬁgssﬁ}ségg ﬂl%nget%ﬁ%%sré%%@ glr’%gﬁ%%%rt% ndustry.
Most rough vampewhfipumboual ¢ sede 10Togast iron, which is thought to give the
best thermal stability, noise attenuation, st rg{lé;t h and materials

capabi lity. Al unihthfrFgoleplamagenerptariBidhe BEpscdissocistrd ipto niegen adyacuum
punp apppi Cehe:R0H: WG &@\%Mfem@sﬂé fib% SR ftlote: sthf FeffQUIBPRH! at €
probl ens can di scounted. Typically such applications iInvolve only

punpi ng ai r compiisesratgag assisire ¢dmbainiag amfountsayf flupine radicals, nitwigen,aggdn gid | evel s

f fluorine in th t | ym h dvant ing. | : ti
Co 11 vor i neopistpelsdfRFF s B Buiereniies GF afpelioneaaoom D eBlier fopuSELs
sl owl y W t h chaieri(D tHeRneRsetic Aabdind AditaRTest WithiWantddUebogtiORpoduast, on

| ayer, which 15 prevents or minimzes further reaction wth the fluorine.
This is in sudosgilicontcoatainingoxiges, eto thekahywieahingshe aaanalgsiof yavamed wher eby

a stainhgss ;steel diaphragm pu ul di.be used EN a.rel atiyvel i gh
Cever ofS nASPERs ThEPRRARpRIR A Br §3Elod 8 bt Al Sk,

di aphragm iinbtesuiilebetiwaiel depatition prdduetsiagd fimoved Yo gle chiraber! dhes
preclude the use of a stainless steel diaphragmpunp. 20 According to a

preferred psoBesasepfthe rractiproendpeint ipsaeritased withan optigal eadppinisiadicatotini num

i npregnated with t - : a
relatively | ow fr]:f?l g{nﬁgﬁ&égﬁcgég%ﬂ@g&g%g?@ta ﬁ%&F@%%FﬁFﬁE%Faﬁ%@E%S

appl i cat i onradituls fea¢iko camdvete umivimthd depositiongiradicts forhlthoreaconuhainbees a
protective layer to the alyminum, This mnimzes the need to s|lowy

passi vad®@ t eleﬁ’ttg? H@JO@MP?&B&OH\“T caﬂﬁfﬁﬁorﬁﬁlpﬁ t%reﬁqelfiqmw.ﬂ UM yor i ne
applications, the use of a single shaft punp is advantageous. A single
shaft punp produces no gear-related noise. Further, the single shaft design
provides a low |l evel of well-controlled vibration, which makes it suitable
for on-tool nounting. The design of the punp elimnates any direct contact
rotary shaft seals or flexing diaphragns to seal the fluorine in the punp.
Al'l seals that 30 function to contain fluorine are static and hence




20 In addition, for fluorine application, the use of a punp with no
bearings in the vacuum systemis advantageous. The absence of bearings in
the vacuum systemresults in the separation of lubricants fromthe fluorine
stream This results in no adverse reaction of the punp lubricant with the
fluorine, no contam nation of the 5 process chanber fromthe punp

| ubricant, no contam nation of the recycled fluorine gas streamfromthe
punp | ubricant and no nai ntenance requirenents of the fluorinecontam nated
punp parts. According to the present in¥@ntion, the preferred punp
apparatus is a vacuum punp havi ng punpi ng speeds of from about 20n8/h to
about 100 nB/h and capabl e of 10 achi eving pressures of from about 0.01
nbar to aboyhis ¥Anethaiot atiRBIE td PrrticHsate iR MHAR d@atpaeadions. Hstadthisnert
gas delta P and cl ose tol erances to 'imt gas flow to the drive casing.
These desi gfigoning alongwith odroggacigen, updissasiatedNEs Siks, exygendind ofer pr essur e

or casor e oAP oy RelBE R tb bt Bulhtol a8 FROPUCFE Wik " Do

t hat of thet}ﬂldsatw@culﬁ,qﬁ%mj%wﬁ@rpm{p(ﬂ)l nal stages of the punp with a
mnimumflow rate of inert gas. According to a preferred enbodi nent of the
process of the pFigsaskownorsnretsied erbediment ofithepmsaniinyention. dysshewniimg
fluorine fr

Gii'ati on of Fihe ans ettt BUER Mok Bof BURERR, RGO o o
to a preferbsdd ek@dg@wﬁoﬁysmhelmé@ﬁmmngﬂemgmmrlm/ﬁteﬂml&FS passes

t hrough the process, chanﬁ 14 the gases are conyerte into flugrine
radical's, fFBmERCARIWH agﬁmrrweepsga%armrﬂ t ABIsTgeyching sygtemdsliyess hei ng

1:3. Theref g §icl Eé‘ﬂ R e anfi @%%Er o ?‘ﬁé roZésfch'&R €fpet NI S

concentration” can ecre se as the ga econes ut e he reqw red
ar gon/ nl@ r ogemipg gapscoggsizes vamblef omounteofiiNFp Gy, reexjal I, bs ﬁromsrﬂherTher ef ore,

according to a furthe odi ment 25 of the venti on, ccordlng to
B o5 " ontulisatthr e S Ar iR cul Sy eattl CoRPI RIS gh oS
75% In thi gas%}lh ad R&ivhZo A &?”i"l'ié‘xte'cgél %éfn%ﬁéﬁ@%ﬁﬁadsf‘gés%rﬁﬁﬁyd e system
if the NF3 Teed is used. st ated ove, the use of cylinder fluorine is

i mpr act i cal pfogessshimber Mea@ghss typmllymlxdenwmunm dlmngcaeﬁtmm&nvfble pl aced in
such conpressed. .C %llengers tsq!ﬁpo | . Tgeéefl%r e §9 ‘}3 dgetner ation
system 98 of AR 'ETgP XAETOSRE, BRI Y u%'r?‘n Em %O%uppl y
unlim t g3l quPt cleagifg @hs intditheipictess é}ihnﬂj@r Qi¢fﬁiﬁtd116Mestn1@f¢bh‘lp681f16ﬂ§mDab| e,

standard HF cylinder supplying the fluorine %es precursor._ The process of

the present PieBspEnsetRntia théehamben [ Yiimatelyy, thezecyclessieneofithe presemt
concentrati
t hrough t heglrl%tea{l:tg/b r{’rﬁa:?a%eé"fh%% ﬁ%‘]’ é)%f/%lg%%sn(g&zlgﬁg%ﬁ%‘?gﬁt% Eﬁp @g% %eg Iai t fed as

desi red fr otolb@esthd td»thmmst qrf@mtmnmgttbe tmol/cldasng pebcédsuor i ne concentrati on by

provi ding the argpn/ nitrogen e.ss |edto he recyc] e 26.
Therefore, the p?ﬁ%@'ﬁf’eﬁsﬁs 1321“3%3‘:"8{%’80% FEmgsen até’ﬁ&'{)ogn}?‘b‘g‘%ng t he
purifiesghflypg %Mu?ﬁ@Q%%ﬂQﬁh@é%ﬁ{Bn%S ﬁ§e%%?§x1§e wesRitloAngesiwn | ow
conditions tha enter the process chanber 14, 'including conditions

t hat woul d seperabefromdhe db@mspmessl:ﬁhaftw swménfg vilve 22 selests etweont the | ng

h 10 ferabl b 1
Pl E 5 CEYeRiEsT LRRRRREEE of i e eRtiotn 4% RsprihsEtatbel ottt o
conponent  UfRfladethelB K@aliee2 PARIHAB s 1mhtbﬂiespxﬁéesb la8s fippBaYstebnMENt i ON

is commercially avail able Carbof| uorTT" ' gr ade 2065, (wherein x is
appr oxi mat efnid mocqss sys VisHBm nunndih Lwat@ttmtéfelvag ANBOARRAYHGPIAIRAS MOBR)
Researg{s 2081%% Le.(ARC, Catoosa, OK). The PTFE conponent was Dyneon

gr ade , I's al so manufactured as a powder. The PTFE is believed
to act as a bi ndh’alviado préferapbi is atlarge kmoaddbﬁﬁmwalvbshpsmmcmitro] oasef-it- 84,

which is C-F~6 (3M Coppan nneapol i.s, was added to the m xture

before ext r SR8 RsyPPey ﬂi%és%f(éﬁ% @ae,éflt“év%%?agrewswsaa'dﬁ SA&RM or vacuum
i bel | ey ilndificr Rslisht ) £d S8 1J ARG AMARIBDEA3 0 ROT €

formatlon I?g%]rogaanr?o{}& Sre‘?@ré}{)ll{? acﬁde In a ur?% g%,ﬂ% 0 1009

conbi ned wefegtihackflodphte cohtrelrthe torgdquesstz. in Theeprpedsk ehamberrld. dux bthedeshtsolt h an

Amandus Kahl L 17S | aboratory pellet press using an Amandus Kahl (Hanburg,

Germany) 3 mmdie with a 9:1 pressway ratio. Table | bel ow shows one

recommended conposition for the pellets of the present invention. 30 22
Table 1



Conposi tion of Adsorbent Pellets Conponent Conponent Rol eQuantityCFx, ARC
Carbofluor"", G ade 2065active adsorbent 90gPTFE, D eon TF

2071Bi nder 102- propanol (0.79 g/m) or BMFC-84 (1.74 nmlPore fornmer64 m 5
ARC Car bof |l uor TM Grade 2065 is preferred, but any highly fluorinated CFX
could theoretically be substituted so long as x is approximately 1.15 and
the conpound has a significant adsorption capacity (for exanple, a neasured
NZ BET surface area of 340 nR/g). Table 2 |ists the desired properties
found in ARC 2065. 10 Table 2 ARC Carbof | tdr TM Grade 2065 Pr operties

Col or Wi t eCar bon Sour ceCar bon Bl ackTot al Fl uori de64-65%X in CFx~ 1. 15Free
oxi d. Powder (iodionetric nethod<O0.2%kedi an Particle Size<l mlrue Densi 2.5
mLBul k Densi 0.chsesflalvd 3B séirtea partBill3pen ttidetthngpasitionor sfraplyse0ic fhe fulkl
Conductivity (at STP)~.0.4 J/ m sec-KHeat Capacity (at STP)~ 0.8 J/g-K*
*Based on | it ©Psk OF BlLclessd posiipies consi derably between - 200C and 200C. 15
Dyneon TFT"' 2071 ' ' | r ties as
set forth in Tabl e'ﬁ%%gcelieg\?&ﬁ%ﬂ{rgifeﬁdkggggﬁ %’gg%{isﬁg&? &geﬁtﬁvﬁg{gﬁ%@sﬂ etgés%lq%lg

subst anti al | y cempatisie withadpensd e moifled (bearkuldoP4)tfhioeite gas stteam. Fheeon TFT"'

2071. 23 _Tabl . TET!' ., 2071 . PT Medi Parti cl i ze50 1l

Consi 2. 10 B pav Rl P oceman] s 1o ghed fo deivphibe apapred oy BV ES Mo theor i
Tenp. ~ 330CTheysiks GRRMBAF {4 YinliNg £1RAnimd. P geBerdb tHe pards 96 Wmeé\ﬂ/uﬁee,afgﬁgg (at
STP)~ 1.4 J/ -K 5 EXAMPLE 2 CFx Adsorbent” Pell et Formation t hout™ Por es

Anot her pr ef erwithta diysoerb gar sushds prgohanitrogen anddwelivwi ng t he CFx and PTFE

conponents set forth in a e However ., this other, prefer or bent
formed 10 into pel PArsas T RETeRE o seprameoss e B0 ifer S B Re |
Exanple 1, di gediRle puhgP2RONREELASH ontbsliRE 20 8ikslicd BAl irdrtthal Aked 18 Ptk gep QSR
formati on. The d@x ﬁused to make the adsorbeirilkg14 bed pellets of ?’ﬁeg?} esent

i nvent i on [Ras of hereexsleapump 36aPrespire trapsdyesn 42ensespressye dxrenpmg on thenher ei n

X 1S approxi V3. i ch i fact . by van
Research Che m%%lg%t SC ‘#R% 89&%%8 g Q,e PERP . 1@%@ R’%’Qﬁ%g ¢ g’r‘rtp?@%\gg tm\%aosfﬁ%/%ggcgg
grade TF~ 207 bumprékhisst 30 sotheabaemehisye@mi@otshown), which is assumed to run at

about 1 atmosphere absolute. Valve 46 is shown as a check valve allowing flow to

the abatement system whenever the pressure of the recycle pump exhaust 20 is above

15  the abatement system pressure, but also preventing backflow from the abatement
system when the pressure at pressure transducer 42 is less than the abatement system
pressure. Valve 46 could also be a mechanical backpressure regulator or a throttle
valve together with a feedback controller operating with pressure transducer 42 to
maintain a pressure setpoint.

20 Valves 52 and 54 control flow of gas from the outlet 44 of the recycle pump
26 to the inlet 56 of the cleaning chamber 12. Preferably, valve 54 is a full flow
open/close valve and valve 52 is a restricted flow open/close valve. It is understood
that a single throttle valve (not shown) could replace this valve combination. The use
of two valves restricts the flow of gas into an adsorbent bed 13 in cleaning chamber

25 12 when there is a large pressure difference and provide a “soft start”. The use of the
two valves is also wasteful when the outlet 44 of the recycle pump 26 is at
atmospheric pressure and the adsorbent bed 13 is under vacuum at the start of the
adsorption cycle. The adsorbent bed comprises CF, wherein x is from about 0.9 to
about 1.2, and is pelletized according to the methods described herein, said CFy

30 further comprising an amount of PTFE and optionally a pore-forming agent.



powder. The PTFE is believed to act as a binder for the pellets. The
pellets were extruded with an Amandus Kahl L | 75 | aboratory pellet press
usi ng an Amandus Kahl 3 mmdie with a 9:1 (CFx: PTFE) pressway ratio. Table
| above shows one recomrended conposition for the pellets of the present

i nvention. Dyneon TFT"' 20 2071 PTFE is the preferred binder because of its
properties as set forth in Table 3 above. It is understood that a binder
possessi ng substantially sim|lar properties could be substituted for the
Dyneon TF ~"'' 2071. Inpurity breakthroubh tests with pellets manufactured
W thout a pore-form ng agent showed | ow effective inpurity capacity and
slow inpurity uptake. Inpurity 25 breakthrough tests with pellets

manuf act ur ed Witm(gaeoaﬁﬁgtmem&enﬁmioﬁ,@ml@, é2 womldastdised wheR Rieopanol  or
(NH4) 2C03 to the mix before pellet extrusion (wmth renoval 24 by heating)

i nproved t henlst B&ef thecedyeleumimp 2 isphvacupmoand theadsodient hedit3 isyinden ake, as
shown in Table 4. bl e 4 fects of I n ore_.For fer I n XIPTFE
Ext rusi on cﬁ%{“&!“r%%@ﬁ%@%iﬁ%ﬁ&é&%ﬁ%ﬁ@%e@&%%ﬁ%@é‘gﬁ? BSPTFE
Com osi t i onlfF%adhbh0Rd #180981012R ddkePebl ed(2/th kRY4nIEt BRAF BROfeey dt@piiRp Nene
(0% 2% ( NH4) CO3%$0% | PA$0% | PATest Tem C- 130- 130-1 30-130Test Pressure

kPa5845| 55| Satiembly, valyede2fis & fll flowloper/slosovalve aryvalpe 60 Giaqisstuicted dlogr4
ity CF, [ bed. | ~0. 0 0 30, 4 i zati
G o v VR 0 o7 PR R0 MRS RS e B 8L oo

i s the nost dqongfienioad Thekeo valvesd 64 620@itk to tedtrRe thetflowiof fdadntadke Rlcycleher
organi ¢ conpounds, i ncl udi ng _ perfluorocarbon-containing conpounds are

cont enpl at edPumwhen thegsyis alangs peesture duferenice aadprovida 3/ sefistasy”. Fc 72

(predom nantly 8-; i ~ . )
(predom nantly %E%ag%’,{c}gn %6&,%6?%%@%&12?%%)%@%&9%? gr%%]rlrg%t | oneeé 1%8 at
conpound® arthe desivietl atldozbdnt bed tanget Bvhisoarpesn prefériblyabaynci30dC. Nbbt.exdeamgedi ng

to the present. i nvention, and as sha in the ex | es, . pel | et
P &1 is opt\{onatl. Sressure transducer 68 senses pressure ?vrgéuum) mptﬁe agsorbent bed

13. Since there is no significant pressure drop through the adsorbent bed 13 pressure

transducer 68 could also be placed elsewhere, such as at the bed inlet 56.
Valve 70 admits nitrogen (or other inert purge gas such as argon or helium)

15  from a nitrogen source (not shown) during the bed regeneration cycle to provide a
reverse “flush”. It is understood that valve 70 could be any useful valve such as, for
example, a throttle valve, an open/closed valve in series with a fixed orifice, an
adjustable needle valve, or a small mass flow controller. Valve 72 and mass flow
controller 74 control return of purified fluorine-containing recycle gas 76 to the

20  process chamber 14. In some control approaches, valve 72 is an open/closed valve
and controller 74 both measures and controls flow rate. Under other control
approaches, controller 74 provides only flow rate control (no mass flow measurement)
and valve 72 is absent. Under still other control approaches, both controller 74 and
valve 72 are present, but controller 74 only provides flow rate control.

25 Mass flow controllers 78 and 80 control the feed of source gases 84, 82
respectively, from sources that are not shown (exclusive of recycle gases) to the
process chamber 14 during the cleaning process cycle. Depending on the detailed
process start up requirements, inert gas 84 may or may not be required. Generally, the
flow rate of one or more source gases 82, 84 will be reduced as recycle gas 76 is

30 returned to the process chamber. Valve 90 isolates the process chamber 14 from the



~manufacturing to be used in the adsorbent bed of the present invention
conprises the follow ng steps: mxing/blending;, extrusion; pore form ng and
drying; smoothing; 1 S passivation; and testing. First, the CFx, PTFE and
pore-form ng conponents are mxed in the desired proportions and bl ended
into a substantially honbgenous m xture. This mxture is then preferably
extruded through a shaping die to formpellets. The pellets are then dried
at 120C with an atnospheric flow of dry NZ for several hours. The pore
former is thus renoved fromthe mixture' $3matrix, |eaving 20 the desired
pores. The pellets are then preferably tunbled in a vessel to renobve rough
edges. The pellets nmay be rinsed and further dried wwth a solvent such as
FC- 84 (3M MipisaPeds ifput Mikarh 987, §A0ME 78Usichal dufif® HehiRftion PRk, the
pellets are paSS|vatedpto 150C i'n a stream of fluorine under atnospheric
pressure.  &sduces BAsenseaprsvaire Qraovwwmlipside thl prackss charmbar 18y vk yeed as

typically can be carried aqu sing two.or.nore adsoerption peds, so that one
bed | 5 under SerRy Sa RicBaholiRe PR g SR A 88 BGRe plRetn.
Accordi ng t ocyene @ortiodis RHic08d 0lh B féedBick dotrpl@s6AljUshaeRE tHeVac®ithy one
adsorption bed is required. This 1s acconplished by 5 alternating the

chamber & eapimping spgsd (byieomirplling vaivedq pribe sepysleprimm2@ o thesdleapinggasne or
nore deposit] t r i i . eneration
cccursy 1 Pt ER el s RRE BhlocieRe R TERD R b9 o fRunE o G
deposi ti on chanpeé ahdcontiollesig7g|ssaned. Put another way, the process
chanber cl eani ng phases. and adsorgtion_bed regeneration cycles are
performed out of Iihefollopingmedepbepaationythe pigient Huentionmakss saptroliof theor e
econom cal f I .“%p:g ' ] ' '@nﬁj odoubl e
bed arrangen%g&%?ﬁ?alt{oh;ﬁ g?%g’e%%atgﬁgﬁmer-@é@?\?ﬂga&%éd?%gﬁtg sor0 l)/gnt
bed i s i1 anofahé avalabisecyelddgas fhas a sedondanysib)dckiows Iif thsmbdecofroparatioon
chanber were direct eg througﬂ tge .recycl e %uggei nto thE adsor bent, bed and
may conpri sePTFEIHA MGNGRIOGH Shamoerzs cqgirolied by peasyiing &t pregite (IENSIffie ¢ he
oper ating pressi Qi) a fAfoRRLIVPBVonkEhE Podifat HethculGhRXAHe 5d.0ns from
t he adsor bent bed chanber are directed back to the process chanber m nus

t hose i npur i Pressire intthe hdsosheat betk by inétéhllyistasts aGzéie (end)f regenehatio@Fx adsor bent .

The remainin tive es are.avail abl.e articipate in.further anber
cl'eant ng reatreginest e ppbBadt Baediyis 52 oRAG o BeBRpfory hp B e Bt T T s
for the 30 diarthd tlemifg chidiehep12@ES Sortitalel @4te C MARRMI tHIpiebfide mBasukr@By | cant | y
reduced anount of fresh NF3 cleaning gas is thus required to clean the

process the petuesianshuges 68 iceauahto trnsducer ¢ valvigsidop opgnedh Bressure in the

chanber - cl eayj rq b ed is
r egener at ed.aﬂf‘ at ﬁtlttgeﬁt%qggi}?l dte oséng(? o%gk%sﬁﬁg%&%&s‘%’p%eﬁng{eﬁﬁ %% t he
process chantpatpositioarand dlost mfe tartke plesesslchainber 1di are contridled blylsettingthd ner t

purge gas in,a direction. 'teverse” to that of fhe exhayst flo during the
P haber ot carfiory Tt 86 taindividal Hess s couralisit, ThFomercton sentli & at o of

the inerdy PWeGRIMANill Fa58iactRE. For S8RGIABnRolYdrTQuRtsiuPiY efDhd® 1 n the
adsorbent bed.” Preferably, prior to the end of the deposition step, the

f1 ow of i nerincrsaseges reycle gaslv6 bevomesazailabiel Theseg®ints furtheothpeniagsflow
evacuat ed. 2 abl e sho typical erating conditipons ressure,
emmoratur o, CtolEs af deetSofhisPu e, FB7 hleRde S0 AR SRERIIE 4 1 he
deposi tion siRAuhARDISVARRAR) from opening too far. When the transducer 68 has increased

above the target adsorption pressure, the recycle gas is available. Recycle gas 76 can

25  be withdrawn from the adsorbent bed 13 up to flow rates where transducer 68 drops
below some minimum. Excess exhaust gas 20 from the recycle pump 26 that is not
purified for recycle is vented to abatement through valve 46. Assuming that the cycle
starts from a fully regenerated, evacuated, and isolated adsorbent bed condition, the
following steps occur. Preferably, the process chamber pressure control is enabled

30  using transducer 32, feedback loop, and valve 30. A flow of plasma ignition gas from



5 Table 5 Typical Operating Conditions for Adsorb and Desorb Mdes Mde of
O ationO eratin Pressure torneratin Tem . CDuration, sAdsorb500 to | 200-40
t0- 1050 to 300Desorb0 to 50-40 to-1050 to 9D0O Many nodifications and ot her
enbodi ments of the invention will cone to mnd to one skilled in the art to
whi ch this invention pertains having the benefit of the 10 teachings
presented in the foregoing descriptions and the associ ated draw ngs.
Therefore, it is to be understood that the invention is not to be limted
to the specific enbodi nments disclosed ant4t hat nodifications and ot her
enbodi nents are intended to be included within the scope of the appended
clains. Although specific terns are enployed herein, they are used in a

generic and it I L ation.
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process cha : ] C ' ' kgs.cont ai ni n
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stream on t hge aidaNhPember 12Ne PHshire GahiRIReCERR P Initosdd. GO RFdIled o e

waste streaminto a recycled fluorine source stream and directing the
recycl ed fl wdregyelesgani76ds sant thaonghr comtroter Tintof proegss charsbrartddollawed bie
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10  monitored to be certain that controller 74 is not over-drawing the PSA bed production
rate. Controllers 78, 80, and 74 are adjusted to control feed gases 84, 82 and 76
respectively until end of the process chamber cleaning cycle. The plasma source is
then shut off, as is the feed gas flow (close valve 90, controllers 74, 78, 80, valve 72),
followed by closing close valves 52 and 54. Valve 30 is then closed to isolate the

15  process chamber 14 from the cleaning gas recycle system. The three port switching
valve 22 is set to select the process vacuum pump 24. Valve 28 is then opened to
evacuate process chamber 14. Since the process chamber cleaning cycle is now
complete, the process chamber 14 can now be used for deposition, and the adsorbent
bed 13 in the chamber 12 can now be regenerated concurrently, on-line, while

20  deposition takes place in process chamber 14. Valve 60 is opened followed by valve
62 when transducer value 68 is close enough to transducer value 36 for soft start.
Valve 70 is then opened to admit a controlled flow rate of flush gas 71 (nitrogen or
other inert gas such as argon or helium) to reverse flush the adsorbent bed 13. Valve
70 is closed and the cleaning chamber 12 is evacuated. Valve 60 and 62 are then

25  closed to isolate the adsorbent bed 13 in the cleaning chamber 12.

The following mode of operation makes 100% utilization of the available
recycle gas as the primary control objective, while the control of the feed gas
composition and flow rate are secondary objectives. In this mode of operation, the
process chamber exhaust valve 30 is set to a fixed position. Pressure in the process

30 chamber 14 is controlled by measuring with transducer 32 and using a feedback loop



according to Caim1, wherein the adsorbent conprises graphite. 2. 'The
met’hod according to Claim1, wherein the contam nants conprise
silicon-containing conpounds. 3. The nmethod according to Claim1l, wherein

t he contam nants conprise SiF4. 4. The method according to Caim1, wherein
the fluorine-containing source gas is a gas mxture in which one of the
conponents is selected fromthe group consisting of NF3, CF4, C2F6, SF2,
and m xtures thereof. 28 S. The nmethod according to Claiml, wherein the
fluorine-containing source gas is evacuat®d fromthe process chanber under
negative pressure. 6. The nethod according to Claim®6 wherein the negative
pressure is achieved fromat |east one vacuum punp havi ng punpi ng speeds of

from about  QuBl k. ARG HARHBLBHANARAR RafigdEi P REqRLESSUT €5 Of

from about ar to about r. he nmethiod accordi"ng to C aim
1, wherein tdompasition iscuintiofied by adjustin@oontroiat 78 (merhgastflow)iaad vaive3@itned at a

tenperature .of, from about -150C to abqut C. 8. e nmet hod accoryding to
Gatm 1 ARG PR 05 A aets sy §7 seipdith HaERRe s Tradseied at
a pressure CB‘edflB%‘i&i?ﬁ??&kﬂ?’ﬁ&e}&(&dt&bé@%n%@& ¢ditiond). Ahle BF;S:JB ate

according to Claim1l,” further conprising the steps of regenerating the
adsor pti 6n Bk, yglvdiS2Z@pensiy tegin pessofiziag she brd Grat badntreldimateatWhen thes from

T o a5, UL LhE o BB P B FARGARA T SRspP! "
gas; and di rigehdnad. W@E&@mré‘m WM&t Bed il DGoMRARD RS Mbteask. OFRed tem t he
purification chanber. 10. The nmethod according to Caim 10, wherein the
cont am nant pressaresetpoing fordifirt adsorptipnde nqachedias shown Ehtransdvery@8avalve @2 isg t o
Caim 11, mo%rer?eix{' antdhaePI%. 1'058 Wase % g(i)n iorll he setpoint on controller 74 (or to control
10 valve position) to maintain the PSA pressure setpoint. In this way, 100% of the
available recycle gas is returned as feed to the process chamber 14. The process
chamber pressure control loop reduces the flow through controller 80 to compensate
and maintain process chamber 14 pressure. Assuming a start from a fully
regenerated, evacuated, and isolated adsorbent bed condition, the following steps
15  occur. Valve 30 is opened to the target throttle valve position. A flow of plasma
ignition gas is established and the plasma is ignited. The process chamber pressure
control is enabled using transducer 32, feedback loop, and flow controller 80. Valve
30 is adjusted along with controller 78 for the cleaning mode. The appropriate gas
combination and pressure is achieved at the outlet 44 of recycle pump 26. Valves 52
20  and 54 are opened sequentially. Valve 72 is then opened and the adsorbent bed
pressure control is enabled using pressure transducer 68, PID loop, and controller 74.
When the adsorbent bed pressure reaches the target PSA pressure, 100% of the
available recycle gas 76 is sent to the process chamber 14. The increased feed gas
flow to the process chamber 14 will cause the process chamber pressure to increase,
25  which will reduce the flow rate of new fluorine-containing cleaning gas feed 82
through controller 80. Controller 78 and valve 30 are set to the throttle position, and
chamber pressure control setpoint to control feed gas flow until end of the process
chamber cleaning cycle. The plasma generator is then shut off as well as the flow of
feed gas. This is accomplished by closing valves 90, 72 and controllers 74, 78 and 80.

30 Valves 52 and 54 are then closed. Valve 30 is then closed to isolate the process



compound includes SiF4. 12. The nethod according to C aim 10, wherein the
adsorption bed regenerating gas includes nitrogen. 29 13. The net hod
according to Caim 10, wherein the adsorbent further conprises an organic
conmpound sel ected fromthe group consisting of propanols, heptanes and

per fl uoro-contai ni ng conpounds. 14. The nethod according to C aim 14,
wherei n the propanol conprises 2 propanol. 15. The nethod according to
Claim 14, wherein the heptane conprises hexadecafl uoroheptane. 16. A nethod
for cleaning inpurities froman inner suwface of a reaction chanber
conprising the steps of: providing a process chanber having inpurities on
an interior surface; directing a flow of a fluorine-containing conpound to
t he process gﬁﬁy |.es el gn§g ol lbalai t he
fluorine fr Sﬁn t eq? l%({)nr?lmnegc_]écalgﬁli‘% aﬁ?g Ic%%%}dpn , sgfeg%?rt(t}gét?gﬁelggéls%%izati ng
with the i maset td setecothetphecesntvauiumrpusny 24 c¥alot 28 iethen opard te keathete;

directing the fluorine impurities fromthe process_ chanber a
puri ficati oﬁr%ﬁ%@em?%ﬁf %@aﬁ?ﬁgﬁmsﬁﬂ?rcwgﬁ@£WSﬁ€ f%mnm}sw{e?‘of
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trifluorideadmit a controlled flow rate of flush gas (nitrogen or other inert gas such as argon or

helium) 71 from a source (not shown) to reverse flush the adsorbent bed 13. Valve 70
is then closed and chamber 12 is evacuated. Valves 60 and 62 are then closed to

10  isolate the adsorbent bed 13.

Fig. 3 is a graph showing the adsorption cycle of the present invention. The
symbol (? ) represents the SiF4 concentration at the outlet 58 of the adsorbent bed
chamber 12. At the beginning of the cycle under investigation, the SiF,4 concentration
at the outlet 58 is at some relatively high level until the operating pressure equal to

15  about 600 Torr at about -30° is achieved in the adsorbent bed 13. Once the operating
pressure is reached, the graph shows that, during this phase of the recycling process,
the SiF4 concentration at the adsorbent bed outlet 58 drops appreciably as the SiF4is
adsorbed on the CF, adsorbent in the adsorbent bed 13. As shown in Fig. 3, as the
pressure in the adsorbent bed 13 is reduced, the SiF,; concentration at the outlet 58 of

20 the adsorbent bed 13 predictably begins to once again increase to the relatively high
level noted earlier in the cycle. Typical reaction chamber cleaning processes flow
NF; in the range of from about 1 to about 2.5 slm and argon in the range of from
about 0 to about 5 slm. The duration of NF; chamber cleaning processes is in the
range of from about 50 to about 300 seconds.

25 According to Figs. 4 and 5, a preferred purified fluorine system 98 is provided.
A novel modular, replaceable unit 100 is contemplated comprising a fluorine
precursor source, preferably hydrogen fluoride (HF) cylinder 102 and an adsorbent
bed 104. Preferably the bed 104 comprises CFy, NaF or combinations thereof. The
bed 104 is preferably chilled to capture low levels of contaminants that may arise

30 from the HF, such as SiF,4, AsF3, AsFs, etc. The HF cylinder 102 contains the fluorine



30 18. The nethod according to Claim 17, wherein the step of directing the
fluorine fromthe purification chanber to the process chanber further
conprises directing the fluorine to a storage tank. 19. The net hod
according to Caim17, wherein the inpurities conprise silicon-containing
i mpurities. 20. The nethod according to Caim20, wherein the inpurities
conprise SiF4. 21. A nethod for adsorbing inpurities froma
fluorine-containing streamin an adsorbent bed conprising the steps of
directing a flow of a fluorine-containing Ebnpound to a process chanber,
sai d process chanber having an inner surface with inpurities deposited on
said inner surface; dissociating the fluorine fromthe fl uorine-containing
conmpound, sai dsolukdeqrecuesoasisad dd retjuing] for the puified flworiné gassprodudtioa. PhicoHES S
chanber; directing the fluorine and jnpurities fromthe process chanber to
a purificati onCYRaRRHER is g%w%sﬁ 19 pa elaprelii Pﬂhﬂ@ﬂ%bi@@pﬁ?fﬁ@@@aﬁﬁe}mag of
adsor bent; 10 ' AR UK L |
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impurities, and is directed to the bed 104 in the replaceable module 100. The HF and
10 other impurities are adsorbed by the adsorbent bed 104. The purified fluorine is then
directed from the bed 104 to a fluorine surge tank 118 until the fluorine is ready to be
directed to the process of Fig. 2 as the fluorine source 82, as shown in Fig. 5. The
term “purified fluorine” is understood by those skilled in the field of gas manufacture
and purification as being as impurity-free as exposure to the adsorbent bed will allow,
15  approaching about 100% fluorine. The use of the fluorine production system 98 does
not generate N, and therefore delivers a higher concentration of fluorine delivered to
the chamber 14, This will further reduce the high cost of remote plasma chamber
cleaning by reducing the total gas flow to the adsorbent bed chamber 13 of process
10. In addition, the purified fluorine system 98 can preferably eliminate the use of
20 NFs.

Figs. 4 and 5 further show the modular aspect of the HF cylinder 102 and bed
chamber 104, shown as a unit 100 being removable from the purified fluorine source
system 98. Fig. S depicts the purified fluorine supply system used in concert with the
stand-alone recycle-based cleaning support system 10 of Fig. 2.

25 Preferably, the bed is chilled to about ~30°C to effectively remove
contaminants such as SiF4 from the fluorine being produced. The module may be
periodically removed when the HF in the HF source is depleted. The HF source may
then be refilled, and the bed may be regenerated, such as by heating from about 150°C
to about 300°C to remove the adsorbed HF and other contaminants from the system.

30  The HF capacity preferably ranges from about 10 Ibs to about 75 Ibs.



. exhausting the inpurities and the inert conpound fromthe purification
chanber. 24. The method according to C aim 24, wherein the
fl uori ne-contai ni ng conpound conprises nitrogen trifluoride. 25. The met hod
according to Caim24, wherein the fluorine storage tank is |ocated
upstreamfrom and in fluid connection with the process chanber. 26. The
nmet hod according to Caim24, wherein the inpurities conprise
silicon-containing inmpurities. 27. The nmethod according to C aim 27,
wherein the inpurities conprise SiF4. 2818The nethod according to C aim 24,
wherein the inert conpound is selected fromthe group consisting of argon,
xenon, nitrogen, and m xtures thereof. 29. An apparatus for cleaning

i mpurities from ald @rGiréRired BABLEIMRE MR NGB geefdtion SFdert AgLyn MApNg at
| east one inlet and one waste streamoutlet, said inlet in fluid
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chanber inlet in fluid comunication with the waste streamoutl et and

| ocat ed downpemfedHyoringat fremmbeutQ psig bt 309sigd purificati on chanber

conprising an 10 g | . i C:at i her tlet
in fluid comuni cati o%ﬁmﬁ%ﬁ@gﬁgg@%@i t&o%&ayfﬂgdg? %Sfe%‘ﬁ‘?%#’ ?%g?{’t?%ﬁip Il’léeagf rom
t he puri fi cain the prcessivhamber dpeeats foc elseut d Htaumirertes, with2 thfee nihete alppesitidrus
according to C aim 30, wherein the apparatus_ further,c ri,.ses a storage
tank for  t hetTPUSRTING this Sitreraniomiie Sicdeit mgvihe dlugmns isalaperdo w{rwﬁaé%t i on

chanber and ypgE RGaRAd %ﬁ’é@ fahe %Qﬁﬁ&ré?ﬂ%@%ﬁrlgc%lk wilfoRAEAhmR] feCOr di ng

to Caim30, wherein the fluorine source conprises nitrogen tritluoride.
10 fluorine contents are consumed and the system begins to consume fluorine being

produced by the fluorine generator.

The module shown in Figs. 4 and 5 is a safety-rated gas cabinet rated for HF
and fluorine, and it is contemplated that the module will be appropriately ventilated to
meet safety and building codes. The contents of the HF cylinder will be monitored by

15  a gauge or scale, which will alert the operator to low HF levels. When the HF is
depleted, the entire module may be removed and sent back to the vendor for bed
regeneration and HF refilling or replacement. In this way the end-user receives a
freshly regenerated bed and refilled HF cylinder to be replaced in the fluorine point-
of-use system.

20 According to the present invention, the novel process of separating, purifying
and recirculating fluorine to reduce the amount of NF; reactant required in a reaction
chamber cleaning process, in a closed system, is made possible for the first time due
to the use of the novel CF; of the present invention as the bed material in the
adsorbent bed. The preferred CF; of the present invention is made such that “x” is

25  about I and, more specifically “x” is from about 0.9 to about 1.2, and most preferably
“x”1is about 1.15. To perform optimally with respect to the present invention, the
preferred CFy pellets are manufactured from commercially available CF, powder
(Advanced Research Chemicals, Catoosa, OK). More specifically, one preferred
adsorbent material for use in the present invention comprises a composite of 90% CF,

30 and 10% polytetrafluoroethylene (PTFE) in the form of 3mm x 10 mm extruded



32. The apparatus according to C aim30, wherein the apparatus further
conprises an inert gas source in fluid communication with the purification
chanber outlet introducing an inert conpound into the purification chanber
through the purification chanber outlet to effect regeneration. 33. The
apparatus according to Caim30, wherein the purification chanber colum

I nl et can be reversed to becone an outlet for the purpose of exhausting
impurities and inert conpound fromthe purification chanber. 34. The
apparatus according to Caim 30 whereinlPhe inert conpound is selected from
the group consisting of argon-containing conpounds, xenon-cont ai ning
conpounds, nitrogen-containi ng conpounds, and m xtures thereof. 35. The

appar at us aggpidi $ifbelfie dré@hEl Amuldtiond &r tROTRK of HeGprédent RStioARe heat
exchanger capabl e ‘of cooling the waste stream the fluorine, and the inert
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to about 108r8&{téd &8 werhePtR, 8f massia8i4i ng pressures of from about 0. Ol

nbar to about 1000 nbar. 33 37. The apparatus accordi 23 to C ai m 30,

wherei n i he i npuThe fluerinroeqmpatiblesiecydeo numpwsed iithgprosessed tespresdt  The

apparatus according to Claibm 38 wherein the | ri.thes c i se,Si F4. 39.
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applications involve only pumping air or inert gases. However, for applications

involving high levels of fluorine in the gas stream, aluminum has advantages, being

less reactive to fluorine than cast iron. In addition, aluminum advantageously reacts

slowly with fluorine to desirably form an aluminum fluoride passivation layer, which

15  prevents or minimizes further reaction with the fluorine. This is in strong contrast to
typical, known fluorine applications whereby a stainless steel diaphragm pump would
be used, with a relatively high level of inherent vibration and a need to detect leakage
through the diaphragm. In the present application, the relatively high flow rates
preclude the use of a stainless steel diaphragm pump.

20 According to a preferred process of the present invention, the pump comprises
aluminum impregnated with polytetrafluoroethylene (PTFE). The PTFE forms a
relatively low friction surface to resist galling. In a fluorine application, the PTFE
coating, which is resistant to fluorine provides a protective layer to the aluminum.
This minimizes the need to slowly passivate the internal surfaces of the pump with

25  fluorine. In fluorine applications, the use of a single shaft pump is
advantageous. A single shaft pump produces no gear-related noise. Further, the single
shaft design provides a low level of well-controlled vibration, which makes it suitable
for on-tool mounting. The design of the pump eliminates any direct contact rotary
shaft seals or flexing diaphragms to seal the fluorine in the pump. All seals that

30 function to contain fluorine are static and hence reliable and predictable.



providing an electrolytic cell conprising an electrode, said cell charged 5
with an anount of electrolyte; providing a power supply and directing
current fromsaid power supply to the electrolytic cell; directing the
fluorine precursor to the electrolytic cell; collecting an anmount of inpure
fluorine fromthe electrolyte of the 10 electrolytic cell to the adsorbent
bed; adsorbing inpurities fromthe inpure fluorine on adsorbent in the
adsor bent bed producing purified fluorine; and directing purified fluorine
fromthe adsorbent bed. 42. The nethod afcording to Caim42 further
conprising the step of 34 directing the purified fluorine fromthe
adsorbent bed to a fluorine holding tank. 43. The nethod according to C aim
42 further conpr iigbdditibfFosfiedinf applic/hi he vkO6f Ppiirnp wath d brarhpeinfthem t he
adsorbent bed directly to a point-of use application. 45. An apparatus for
produci ng piR¢funeaystanyisradvantaganysi $heabsence effieadpgmindherpmyie systgmd nodul e
conpri si ng ' r - Qroxl . . or bent
bed chanber?%%h%ﬁ{ggge dﬁﬁéégggggﬁy&ggﬁéaﬁﬂgﬁgg gcé?ﬁ?@ﬁﬁég%ﬁ Fﬁggr

produci ng f ladwerseveagim dfMhepump hibéhntomitinihe fluokiae,friouwntanginfticacofithe®r sour ce
and in communi cation w {h the adsorbent bed chapber. 46. The_ apparatus of

d ai m 455 wRERCEsSchamber %rth?leﬁPi‘&ﬂ%‘b ng goptammagien of the rpcet Heyori de.
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W th Ke-2( Py gl Bhilp b REAGIN solfei el il dr he g
adsor bent beontamiratédspenspatsum f | uori de. 49. The apparatus of C ai m 45,

wherein the fluorjine gas oduced . by the )
Accord?ng to%e present 1n\X3nt10n, the preferred pump apparatus is a vacuum

pump having pumping speeds of from about 20m>/h to about 100 m*/h and capable of
10  achieving pressures of from about 0.01 mbar to about 1000 mbar. Known dry
vacuum pump technologies use an inert gas delta P and close tolerances to limit gas
flow to the drive casing. These designs rely on close geometric clearances to control
the pressure drop across annular clearances around the shaft, and, combined with a
pressure regulation device, achieve a higher pressure of inert gas than that of the drive
15  casing and/or the final stages of the pump with a minimum flow rate of inert gas.
According to a preferred embodiment of the process of the present invention, this has
the advantage of preventing fluorine from entering into the pump drive casing and
minimizing the dilution of the recycled fluorine gas stream.
As shown in Fig. 2, according to a preferred embodiment of the present
20 invention, when NF; passes through the process chamber 14 the gases are converted
into fluorine radicals, fluorine gas and nitrogen gas with the ratio of N to F being
1:3. Therefore the maximum concentration of F, is 75%. However this concentration
can decrease as the gas becomes diluted with the required argon/nitrogen purge gases
used for the pumping recycle process. Therefore, according to a further embodiment
25  of the present invention, according to Fig. 5, concentrations of purified F, can operate
continuously as high as 75%. In this way, the F, concentration only decreases in the
recycle system if the NF; feed is used. As stated above, the use of cylinder fluorine is
impractical for safety reasons (the maximum volume that can be placed in such
compressed cylinders is 400 psi). Therefore, the fluorine generation system 98 of the

30 present invention is useful as such system can supply unlimited quantities of fluorine



el ectrolytic cell is produced along with a gas m xture in which one of the
gas m xture conponents is selected fromthe group consisting of SiF4, AsF3,
AsFs and conbi nations thereof. 50. The apparatus of C aim 49, wherein the

i mpurities are adsorbed by the adsorbent bed. 35 51. A nmethod for
recycling fluorine froma waste stream conprising the steps of providing a
process chanber having an inner surface, said surface having contam nants
adhered thereto; providing a streamof purified fluorine gas froma
fluorine gas source into the process chalber, wherein said fluorine gas
source is provided froma fluorine precursor source |ocated proximte to an
adsorbent bed in a replaceable unit; providing an electrolytic cel

conpri si ng an demakd Watldnlyatddssifible, StaadHe HIPdylAdasup thefluetieseidso! yt e;
provi ding a power supply and directing current from said power supply 10 to
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wnste tr enbiry STRg to MeBRf b g HE e Bt Cp Rkl Ay b BEMGERId 25,
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adsor bi ng cgnt am ts.in the waste streamon the adsorbent .in {he
g %ow congl%r(])ns that will enter the process ¢ am%erl mcﬁu 1ng conditions that

would not be possible using NF3 alone. The flow rate of F; entering the system

10  preferably ranges from about 1 L/min to about 6 L/min.

15 EXAMPLE 1

CF, Adsorbent Formation with Pore Formation

One preferred CFx component used to make the adsorbent bed pellets of the

present invention is commercially available Carbofluor™ CF,, grade 2065, (wherein
x is approximately 1.15) which is manufactured as a powder by Advanced Research

20  Chemical (ARC, Catoosa, OK). The PTFE component was Dyneon grade TF™
2071, and is also manufactured as a powder. The PTFE is believed to act as a binder
for the pellets. In addition, isopropanol, or FC-84, which is C;F;6 (3M Company,
Minneapolis, MN) was added to the mixture before extrusion, and was removed after
extrusion by adding heat or vacuum. It is believed that the addition of the isopropanol

25  aids in pore formation. Isopropanol was preferably added in amounts of 64 ml/100g
combined weight of the other components. The pellets were extruded with an
Amandus Kahl L 175 laboratory pellet press using an Amandus Kahl (Hamburg,
Germany) 3 mm die with a 9:1 pressway ratio. Table I below shows one
recommended composition for the pellets of the present invention.

30



purification chanber; converting the waste streaminto a recycled fluorine
source stream and 25 directing the recycled fluorine source streamfrom

t he cl eaning chanber to the process chanber as a suppl enenta

fluorine

source stream 52. The nethod according to Claim51, wherein the adsorbent

conprises graphite.

36 53. A nethod for cleaning inpurities froman inner

surface of a process chanber conprising the steps of providing a process
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fl uori ne-cont ai ni ng conpound
fl uori ne-contai ni ng source,

an inte
to the
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| east
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5
ARC CarbofluorTM Grade 2065 is preferred, but any highly fluorinated CF,
could theoretically be substituted so long as x is approximately 1.15 and the
compound has a significant adsorption capacity (for example, a measured N, BET
surface area of 340 m%g). Table 2 lists the desired properties found in ARC 2065.
10
Table 2
ARC Carbofluor™ Grade 2065 Properties
Color White
Carbon Source Carbon Black
Total Fluoride 64-65%
X in CF, ~1.15
Free oxid. Powder (iodiometric method) <0.2%
Median Particle Size <1 um
True Density 2.5 g/ml
Bulk Density 0.1 g/mi
Surface Area (N, BET) 340 m’/g
Decomposition Temp 500°C
Thermal Conductivity (at STP) ~ 0.4 J/m-sec-K
Heat Capacity (at STP) ~ (.8 J/g-K*
*Based on literature value, varies considerably between —200°C and 200°C.
15 Dyneon TF™ 2071 PTFE is the preferred binder because of its properties as

set forth in Table 3 below. It is understood that a binder possessing substantially

similar properties could be substituted for the Dyneon TF™ 2071.



purification chanber, said purification chanber containing an anount of
adsorbent; adsorbing the inpurities onto the adsorbent; directing the
purified fluorine fromthe purification chanber to the 25 process chanber,
said fluorine fromthe purification chanber supplenenting the

fl uori ne-contai ni ng source. 37 54. The nethod according to O aim53,
wherein the fluorine-containing conpound conprises nitrogen trifluoride.
55. The nethod according to C aim53,,wherein the step of directing the
fluorine fromthe purification chanb%% to the process chanber further
conprises directing the fluorine to a storage tank. 56. The met hod
according to Caim53, wherein the inpurities conprise silicon-containing
impurities. 57. An apparatus for renoving inpurities froma reaction
chanber conprising: a process chanber having at |east one inlet and one
waste streamoutlet, said inlet in fluid conmunication with a source of
fluorine; a replaceable nodul e, samdble®dul e conprising a fluorine precursor
5 source | ocated grOX|nate to an adsorbent bed chanber conprising an

adsor ber?ynsea Thnd Q&i%ﬁ@@trolytlc cel | for producing fluorine gas in
conmmuni ‘-MLéd;iaHi’anMéSlef“e fuorTneprecursgy Lo ceand- T conmmumication wWith

t he ad&(ﬁir&é%sn el clrarroet ) saird—Todut Zlﬁ l’ﬁlg amout I et II commumcat{i on
W th t TR IPRE s Cnarmer rmiet; a wast (8,531
fluorin ' ) iand ) 44 €5 fromthe process chanter,

sai d wg @m@ﬁ%ﬁﬁﬁ%¢ﬂ TFUIG connunlcathngga.h the process chanber; and a
puri fi damgtaE CHAREE (davpyng an 1 et anty &N, Qucket, the purtfircation
chanberﬂl@gmmﬁ;‘d—wmmmn—vﬁjm J{ig Waste stream out Fet—an
| ocabJ-e aownstreamitromtne process cnamnper, said pUTI frcatiTon cthamber
conprising an 15 anmount of adsorbent for the impurities, with the cleaning
chanber outlet in fluid EXAMPLE 2

CF, Adsorbent Pellet Formation Without Pores

Another preferred adsorbent bed pellet was made using the CF, and PTFE
components set forth in Example 1. However, this other preferred adsorbent formed

10  into pellets using the equipment and protocol as set forth in Example 1, did not
incorporate the isopropanol and did not require pore formation. The CF, used to
make the adsorbent bed pellets of the present invention was commercially available
Carbofluor™ CF,, grade 2065, (wherein x is approximately 1.15) which is
manufactured as a powder by Advanced Research Chemical (ARC, Catoosa, OK).

15  The PTFE component was Dyneon grade TF™ 2071, and is also manufactured as a
powder. The PTFE is believed to act as a binder for the pellets. The pellets were
extruded with an Amandus Kahl L 175 laboratory pellet press using an Amandus
Kahl 3 mm die with a 9:1 (CF,:PTFE) pressway ratio. Table I above shows one
recommended composition for the pellets of the present invention. Dyneon TF™

20 2071 PTFE is the preferred binder because of its properties as set forth in Table 3
above. It is understood that a binder possessing substantially similar properties could
be substituted for the Dyneon TF™ 2071.

Impurity breakthrough tests with pellets manufactured without a pore-forming
agent showed low effective impurity capacity and slow impurity uptake. Impurity

25  Dbreakthrough tests with pellets manufactured with a pore-forming agent (Example 1)
by adding isopropanol or (NH;),COs to the mix before pellet extrusion (with removal



conmmuni cation wth a pathway for directing purified fluorine fromthe
purification chanber to the process chanber. 38 58. The apparat us
according to Caimb57, wherein the apparatus further conprises a storage
tank for the fluorine. 59. The apparatus according to Cl aim58, wherein the
fluorine precursor source conprises hydrogen fluoride. 60. A conpound
conprising: CFx wherein x is fromabout 0.9 to about 1.2; and

pol ytetrafl uoroet hyl ene; wherein the %ei ght ratio of CFx to

pol ytetrafl uoroethylene is 5 about 9: 61. The conpound according to Caim
60, further conprising an anount of a pore-form ng conpound. 62. The
conpound according to C aim®60, wherein the pore-form ng conpound conpri ses
2- pr opanby hegtihg) ﬁhpro&ed‘rﬂmwﬁﬁctim:mmﬁring capacity andwabd of ivipariey nptoke; as

pore-form n und conpri ses hexadecaf| uoroheptane. 64. The conpound
accordi n&Q‘%‘@m 1 wherein the pore-form ng conpound conprises a

per fl uoro-cont ai ni ng corrpound 65. e gompound according to O aim 61,
wherein the pore-form ng conpound is present in an amount of about 50

wei ght pé&Eficetaof Usig POThEommrﬂhu‘mg @E&TEE Egtrtlmomj ai m 60, wher ein X | s about

Thao oo Al aan raoin + ho

1. 15 6frpihe eolr "”é‘d%?ﬁztﬁir;‘ibét{\j? G SR IR OO T ORI Lbest e Sk gy 0o 9" ade
CFX. o OSitio SO PIdDTR 0 S TB DIF 207 1S | 095 DTF2065
pol yt et Il t Higet 1yt Eﬂbsew%“ PP, (NEC3 Z© SoydP It 590 5t A

Test Temp C -130 -130 -130 -130

Test Pressure kPa | 584 515 515 612

Test Superficial 0.79 0.27 0.27 0.91

Vel. cm/s

Observed CF; 0.025 0.075 0.073 0.065

capacity

g(CF.)/g(bedy/kPaCF,

Observed CF4 74 26 5.7 17

Equalization Time,
sec

Based on these results isopropanol (IPA), or 2-propanol is the most preferred
pore-forming agent. In addition, the use of other organic compounds, including
perfluorocarbon-containing compounds are contemplated, such as, for example FC-84
(predominantly C;F,¢), FC-72 (predominantly Cg¢F\4), FC-77 (predominantly CgFs),

10  FC3283 (predominantly CoF2g), and mixtures thereof. The aforementioned FC
compounds are available from the 3M Company, (Minneapolis, MN).

According to the present invention, and as shown in the examples, pellet
manufacturing to be used in the adsorbent bed of the present invention comprises the
following steps: mixing/blending; extrusion; pore forming and drying; smoothing;

15  passivation; and testing. First, the CF,, PTFE and pore-forming components are
mixed in the desired proportions and blended into a substantially homogenous
mixture. This mixture is then preferably extruded through a shaping die to form
pellets. The pellets are then dried at 120°C with an atmospheric flow of dry N, for
several hours. The pore former is thus removed from the mixture’s matrix, leaving

20  the desired pores. The pellets are then preferably tumbled in a vessel to remove rough
edges. The pellets may be rinsed and further dried with a solvent such as FC-84 (3M,
Minneapolis, MN) to remove dust and residues. Finally, the pellets are passivated to

150°C in a stream of fluorine under atmospheric pressure.



. 69. The conpound according to Claim60, wherein the polytetrafluoroethyl ene
nmedi an particle size is about SO0 Vim 70. The conpound according to C aim
60, wherein the CFX conponent has a nedian particle size of about 1 Vim
71. The conpound according to Cl aim 60, wherein the CFX conponent and the
pol ytetrafl uoroet hyl ene are provided as powders. 72. A pelletized adsorbent
conprising: CFX wherein x is about 1.15; and pol ytetrafl uoroethyl ene;
wherein the weight ratio of CFx to pol ytetrafl uoroethyl ene is about 9:1.
73. A nethod for recycling fluorine fromd waste stream conpri sing the
steps of providing a processing chanber having an inner surface, said
surface having contam nants adhered thereto; providing a stream of

f1 uori ne-cont ai ni Ag sgs! dbooenkaoivinaytlical gdsoriticoprocassésrtypichltyecaw leamssddng
chanber; contacting the contam nants with the flgorine-containing gas, and
removi ng t heOBIGHINgIMesmR0re pdvarptinn Radaniodhat gngded 4y pndesgoing,adsprpiion Whilgast e

stream di regidiig btea%aﬂ\%?éegsnr?%%n%ﬁ{?ow 9&@0{3:121% Ao éf@ﬂe&@xﬂﬁ@&ﬁnehp%fggc of

cl eani ng cha , sai chanber I'sing an adsor ption
CFx- cont ai ni preséf) imcatomenly aengsonpton bbe isciequiredi STHis Bracedmplished Byt o about

1.2; 40_adspor bi n ontam nanpts. in t wast e. stream on the CFX adsor bent
" the ol anPTENBE RIS o S E M g ot OGHPR CPHS YHE. st e
stream 1 nto gnpd &%Gﬂe%épés!iﬁ&{ LtBFs G CRIsSHpti9R BRI aék‘érﬁlicfn%&l'%g rééyﬁeﬂa%ﬁf i ed

fluorine fromthe cleaning chamber to thé 15 processing chanber as a
suppl ement al oédu)r Imthisway,dhe bed is segengratedtheingatdyolt whendhel degpsittonCl ai m 73

wherein, in E:]?a%lbce'r:é 10 %g{ng%?etahe&(. Pit afng)t%rgr \%g%&e gr'o%estsochgrtx)lgg} cl%zin%ig phases

and adsorption bed regeneration cycles are performed out of phase. This preferred
10  single bed arrangement is more economical from a cost, time and space standpoint
than a traditional double bed arrangement.

During the process chamber-cleaning step, the adsorbent bed is in an active
adsorption phase. Exhaust flows from the reaction chamber were directed through the
recycle pump into the adsorbent bed and may comprise varyiﬁg amounts of F, NF3,

15 N, Ar, SiF, and HF. When the operating pressure of the adsorbent bed is reached,
the exhaust flows from the adsorbent bed chamber are directed back to the process
chamber minus those impurities, which have adsorbed (i.e. SiF,;, HF) on the CF,
adsorbent. The remaining active gases are available to participate in further chamber
cleaning reactions in the process chamber. This recycling process continues for the

20  duration of the process chamber-cleaning step. A significantly reduced amount of
fresh NF; cleaning gas is thus required to clean the process the process chamber
clean.

At the conclusion of the chamber-cleaning step and during the deposition step,
the adsorbent bed is regenerated. That is to say, those components that adsorbed

25  during the process chamber cleaning step are desorbed by directing a flow of inert
purge gas in a direction “reverse” to that of the exhaust flows during the chamber-
cleaning step through the recycle pump to waste. The flow rate of the inert purge gas
is selected to generate a viscous flow regime in the adsorbent bed. Preferably, prior to
the end of the deposition step, the flow of inert purge gas is discontinued and the

30 adsorbed bed is evacuated.



. 75. The nmethod according to Caim73, wherein, in the CFx adsorbent, x is
about 1.15. 76. The nethod according to Claim73, wherein the contam nants
conprise silicon-containing conpounds. 77. The nethod according to Claim
73, wherein the contam nants conprise SiF4. 78. The nethod according to
Claim73, wherein the fluorine-containing source gas isS a gas mxture in
whi ch one of the conponents is selected fromthe group consisting of NF3,
CF4, CZF6, SF2, and m xtures thereof2679. " The net hod according to daim
73, wherein the fluorine-containing source gas is evacuated fromthe
processi ng chanber under negative pressure. 80. The nethod according to
Claim79, wherein the negative pressure.is achieved fromat | east one

vacuum punp hawbley shensitirjca ppenting conditions{prrssurodsmparatye3Baom 00 n8/ h
d ey f :
o2 ooy et ] DS g nghpr 1000

of CFx in the cleaning chanber is naintained at a tenperature of from about
-150C to about 20C. 82. The nmethod according to Claim73, wherein the
pressure in the cleaning chanber is maintained at a pressure of from about
300 tgn to about 2000 torr. 83. Therggihod according to Caim73, further
conprising the steps of regenerating the CFX adsorption bed by directing a
fl ow of dypmabOpentilpdondtemesiontidserbgad Deasorin Modesgener at i ng gas source into

ntion had nf ~ant n t o _and

t he abserpti-gpn-hed—elepnsing-ihe—adserpti-on-bed—oi—coptam-pants—and
‘Mode of Operatian ~ ' .1 Operating Pressure (torT) Operatinig Temp. °C Duration, (s), -

di rect i mg—te 3,501t antmaitt Ssof {14390 T e TegeNe@L g0 gas —and s hgct Thgt he
cont am 1 = Nl regenerating-gasfromthe clean
Desorb 010 50 -40 to-10 50 to 900

Many modifications and other embodiments of the invention will come to
mind to one skilled in the art to which this invention pertains having the benefit of the
10  teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the invention is not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to
be included within the scope of the appended claims. Although specific terms are
employed herein, they are used in a generic and descriptive sense only and not for

15  purposes of limitation.



84. The nethod according to Caim83, wherein the contam nant conprises a
silicon-containing conpound. 85. The nmethod according to Caim83, wherein
the silicon-containing conmpound conprises SiF4. 86. The nmethod according to
Claim 83, wherein the adsorption bed regenerating gas conprises nitrogen.
87. The nethod according to Caim83, wherein the CFX conprises about 90%
by weight of a CFx material and about | 0% by wei ght of

pol yt etraf | uor oet hyl ene. 42 88. The nethod according to Cl aim 83, wherein
the CFx conprises about 90% by wei ght of7a CFx naterial and about 10% by
wei ght of pol ytetrafl uoroethylene. 89. The nethod according to C aim 83,
wherein the CFX further conprises an anmount of organi c conpound sel ected

fromthe group consisting of IHWRANWHICHNEWIAIRFERND perfl uoro-cont ai ni ng
conpounds. 90. The net hod accordi ngh]to Cl aim 89, wherein the propanol

conpri ses 2 prophnd} methed fanyecyglingdhrosiae fiomt hyaste stepam ge9prising theditepst he
hept ane conpri ses ngadecafl uoroheptane. 92. A nethod for cleaning
impurities froman i'nner surface of a reaction chanmber conprising the steps
of providing a procesgondingwpidesssthanber Havingrantihgs sorfag) saidbenfacer sur f ace;
5 directing a flow of, a flyoripe-containing conpound to the processing
chamber fr V&‘&‘Q%Eﬂ“?‘ﬁ@“&@éileé?dnﬁhﬁ@t%ource; di ssociating the fluorine from

e A Ot S SN RIS AR B L1,
t he fl uori reussedntorteipiocessschémben; t he processi ng chanber to a
contacting the contaminants with the fluorine-containing gas and
removing the contaminants from the process chamber inner surface to create a waste
stream;

10 directing the waste stream from the process chamber to a purification
chamber, said purification chamber comprising an adsorption bed containing an
adsorbent;

adsorbing contaminants in the waste stream on the adsorbent in the
purification chamber;

15 converting the waste stream into a recycled fluorine source stream; and

directing the recycled fluorine source stream from the purification

chamber to the process chamber as a supplemental fluorine source stream.The method

according to Claim 1, wherein the adsorbent comprises graphite.

2. The method according to Claim 1, wherein the contaminants comprise

silicon-containing compounds.

3. The method according to Claim 1, wherein the contaminants comprise
SiF,.

4. The method according to Claim 1, wherein the fluorine-containing source
gas is a gas mixture in which one of the components is selected from the group

consisting of NF3, CF,, C,F¢, SF2, and mixtures thereof.



cl eani ng chanber, said cleaning chanber containing an anmount of CFX,
wherein x is fromabout 0.9 to about 1.2 to produce purified fluorine;
adsorbing the inpurities onto the CFx; directing the purified fluorine from
t he cl eaning chanber to the 15 processing chanber, said fluorine fromthe
cl eani ng chanber suppl enenting the fluorine-containing source. 43 93. The
nmet hod according to Caim92, wherein the fluorine-containing conpound
conprises nitrogen trifluoride. 94. Thejﬁgthod according to Cl aim92,
wherein the step of directing the fluori fromthe cl eaning chanber to the
processi ng chanber further conprises directing the fluorine to a storage
tank | ocated upstream from the processi ng chanber and downstream fromthe
cl eani ng chanber 5. 9bhe Mkthodmttmdingdc laimnly viheréth thenfl®Rinewdoatagiing sduece

i mpurities conprise silicon-containjng i rities. 96. The nethod according
Lo O ai m 95 EEY BTHHEHEOT S pToess Shermhes inder ngeelve BIFSSUEE. met hod 1 or

adsor bi ng i npuri t L& O $ ' or bent bed
conprising the sFeggh%?egl:oragg‘%#ﬁgﬂgg ﬁ%ﬁ%@gﬁﬁ u%??@%@ﬁ%ﬁ?‘ﬁ?ﬁg conpound
to a processchigvadtfaorhat leastaind vpcwme puinp daving poepingspeedy afifrainmaBoutsur f ace

W th inpurities,deppsit saj d inner, surf.ace; dissoclati the f|luorine
From the 11 GO dd B8O i Sk el of aEMiPe Bissries SLEGE PRSP LDH 1 he
impurities kfabdue 100m8asi Ng chanber; directing the fluorine and inpurities

fromthe processing chanber to a cleaning chanber, said cl eani ng chanber
contai ning an anount of CFx adsorbent, 10 wherein x is fromabout 0.9 to

about 1.2°to"proguegy DLl hSddhtghd BhiimerSHRA the Aok BRYEL Y By OntO the
purification chamber is maintained at a temperature of from about -150°C to about

20°C.

8. The method according to Claim 1, wherein the pressure in the purification

chamber is maintained at a pressure of from about 300 torr to about 2000 torr.

9. The method according to Claim 1, further comprising the steps of:
regenerating the adsorption bed by directing a flow of adsorption bed
regenerating gas from a regenerating gas source into the absorption bed;
cleansing the adsorption bed of contaminants and directing the
5 contaminants into the regenerating gas; and
directing the contaminant-containing regenerating gas from the

purification chamber.

10. The method according to Claim 10, wherein the contaminant is a silicon-

containing compound.

11. The method according to Claim 11, wherein the silicon-containing

compound includes SiF;.

12. The method according to Claim 10, wherein the adsorption bed

regenerating gas includes nitrogen.



directing the purified fluorine fromthe cl eaning chanber to a fluorine

st orage tank. 44 98. The nethod according to Caim97, further conprising
the step of directing the purified fluorine fromthe storage tank to the
processi ng chanber. 99. The method according to C aim97, further
conprising an adsorbent regeneration cycle conprising the steps of
directing a flow of an inert conpound into the cleaning chanber during a
peri od when the processing chanber is not having inpurities renoved fromb5
the inner surface of the processing char¥er ; renmovi ng adsorbed inpurities
fromthe CFx; and exhausting the inpurities and the inert conpound fromthe
cl eani ng chanber. 100. The nethod according to Caim99, wherein the

f 1 uori ne- cont ai nilagTleompihod dcardipg its €taimi 10, oderein thefadswmberddurti?l. The

met hod according to G aim99, wherejn t&f fluorine storage_tank is |ocated
upst r eam f r SAPHE 2N TN ePERAtiNd Selested diomntheiggoun cansising of RRRMA:. 102,

The et hod "E‘éft%éyaﬂﬂﬁ%ﬁlu@&b&tgiﬁin:g"%%@uﬂﬁ he inmpurities conprise

silicon-containing 1npurities. 10 met hod according to Caim 102,
wherein the inpurities conprise SiF4. 104. The nethod according to Caim

99, wherein the i t co und is selected fromthe group consisting of
argon, xenon, ni tl?g@éerf,"e'gﬁaaﬁ‘?%‘?‘ﬂﬁi%&ﬁ‘l’@r]éof"&’erfl Fpgwaaglp%ﬂl%&ftfgs or
cl eani ng i mpypahéles froma reaction chamber conprising: 45

15. The method according to Claim 14, wherein the heptane comprises

hexadecafluoroheptane.

16. A method for cleaning impurities from an inner surface of a reaction

chamber comprising the steps of:

providing a process chamber having impurities on an interior surface;

directing a flow of a fluorine-containing compound to the process

5 chamber from a fluorine-containing source;

dissociating the fluorine from the fluorine-containing compound, said
fluorine associating with the impurities on the interior surface of the process chamber;

directing the fluorine and impurities from the process chamber to a
purification chamber, said cleaning chamber containing an amount of adsorbent;

10 adsorbing the impurities onto the adsorbent producing purified

fluorine;

directing the purified fluorine from the purification chamber to the
process chamber, said fluorine from the purification chamber supplementing the

fluorine-containing source.

17. The method according to Claim 17, wherein the fluorine-containing

compound comprises nitrogen trifluoride.



a processing chanber having at |east one inlet and one waste stream outl et,
said inlet in fluid communication with a source of fluorine; a waste stream
for directing a fluorine-containing conpound and 5 inpurities fromthe
processi ng chanber, said waste streamin fluid conmunication with the
processi ng chanber; and a cl eaning chanber having an inlet and an outl et,
the cleaning chanber inlet in fluid communication with the waste stream
outl et and | ocated downstream fromthe processi ng chanber, said cl eaning
chanmber conprising an anount of CFX as an adsorbent for the inpurities,
wherein x is fromabout 0.9 to about 1.2, with the cleaning chanber outl et
in fluid communication with a pathway for directing purified fluorine from
t he cl eani ng charBeThd method apcayding 4o Alpimhihyivdwerein 6. steprf danpptimgithas

according tqo C.aim 105, wherein the. a atus further conprises, a storage
Cank. for ot hduprig ApRene paReaton shaphaRE HCpees CimBer DR GORPLSS: - wher of n
the fluori n%i:%&ﬁ{gc‘tﬁeﬂ%ﬂ?ﬁét%easst&jagé%ﬁ.n trifluoride. 108. The apparatus
according to Claiml05, wherein the apparatus further conprises an inert

gas source in fl dPdTcomethod eatdrdingid Claimhiy, wiherein thy imiparities comyiriset for t he
pur pose of irftroduciqlgman irlg.?rt conpound into the cleaning chanber through
the cl eani n§ CRRKHBRAIGE VS of f ect regeneration. 109. The appar at us
according to Caim 105, wherein the cleaning chanber colum inlet can be
reversed to becone an outlet for the purpose of exhausting inpurities and

i nert conpound fﬂemme@péamqn@ngh@@ﬁem.201mcre1m&1eampama@wnmtseuseﬁ4ng to
Cl ai m 105, wherein the inert conpound is selected fromthe group consisting
of argon-contai ni ng conmpounds, Xxenon-contai ni ng conpounds,

ni t rogen- cont ai Ni2MgA Geethedfof adsombidl g inistirtiti @Sfrdrh @rfR@tine-codt@inlrglstreai€in an
appar atus accordi ng to Claim 105, further conprising at |east one heat
exchanger capusbent 5ed eqraprising thestepaéfie stream the fluorine, and the inert

conpound and i npuriti ecﬁretcﬁngg Hdby o3 orine-containing compound to a process

chamber, said process chamber having an inner surface with impurities deposited on
5 said inner surface;

dissociating the fluorine from the fluorine-containing compound, said
fluorine associating with the impurities in the process chamber;

directing the fluorine and impurities from the process chamber to a
purification chamber, said purification chamber containing an amount of adsorbent;

10 adsorbing the impurities onto the adsorbent producing purified

fluorine; and

directing the purified fluorine from the purification chamber to a

fluorine storage tank.

22. The method according to Claim 22, further comprising the step of

directing the purified fluorine from the storage tank to the process chamber.

23. The method according to Claim 22, further comprising an adsorbent
regeneration cycle comprising the steps of:
directing a flow of an inert compound into the purification chamber
during a period when the process chamber is not having impurities removed from the

5  inner surface of the process chamber;



| 12. The apparatus according to Caim105, further conprising at |east one
punp | ocated downstream from the cl eani ng chanber, said punp havi ng punpi ng
speeds of from about 20n8/h to about 100 nB/h and capabl e of achi eving
pressures of from about 0.01 nbar to about 1000 nbar. 113. The apparatus
according to C aim 105, wherein the inpurities conprise silicon-containing
compounds. 114. The apparatus according to Caim 113, wherein the
inpurities conprise SiF4. 115. The apparatus according to O aim 105,

wherein the tenperature in the cleaning dhanber is nmaintained at a
tenperature of from about -150C to about 20C. 116. The apparatus according
to Caim10S, wherein the pressure in the cleaning chanber is naintained at
a pressure of from abmﬂoﬂﬂ@adsmrbedtimpaﬁtieﬁ frafiQhe admrbenA&@ A{ A ;
SSARARAN A AS?. A A A AA .A A A3 9U. AS
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29. An apparatus for cleaning impurities from a reaction chamber comprising:

a process chamber having at least one inlet and one waste stream
outlet, said inlet in fluid communication with a source of fluorine;

a waste stream for directing a fluorine-containing compound and

5 impurities from the process chamber, said waste stream in fluid communication with

the process chamber; and

a purification chamber having an inlet and an outlet, the purification
chamber inlet in fluid communication with the waste stream outlet and located
downstream from the process chamber, said purification chamber comprising an

10  amount of adsorbent, with the purification chamber outlet in fluid communication

with a pathway for directing purified fluorine from the purification chamber to the

process chamber.
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selected from the group consisting of argon-containing compounds, xenon-containing

compounds, nitrogen-containing compounds, and mixtures thereof.

35. The apparatus according to Claim 30, further comprising at least one heat
exchanger capable of cooling the waste stream, the fluorine, and the inert compound

and impurities to about —30°C.

36. The apparatus according to Claim 30, further comprising at least one pump
located downstream from the purification chamber, said pump having pumping
speeds of from about 20m>/h to about 100 m*/h and capable of achieving pressures of
from about 0.01 mbar to about 1000 mbar.
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39. The apparatus according to Claim 30, wherein the temperature in the

purification chamber is maintained at a temperature of from about —150°C to about
20°C.

40. The apparatus according to Claim 30, wherein the pressure in the
purification chamber is maintained at a pressure of from about 300 torr to about 2000

torr,

41. A method for producing fluorine comprising the steps of:

providing a contained fluorine precursor source located proximate to
an adsorbent bed in a replaceable unit;

providing an electrolytic cell comprising an electrode, said cell charged

5 with an amount of electrolyte;

providing a power supply and directing current from said power supply
to the electrolytic cell;

directing the fluorine precursor to the electrolytic cell;

collecting an amount of impure fluorine from the electrolyte of the

10 electrolytic cell to the adsorbent bed;

adsorbing impurities from the impure fluorine on adsorbent in the

adsorbent bed producing purified fluorine; and

directing purified fluorine from the adsorbent bed.

42. The method according to Claim 42 further comprising the step of:
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45.  An apparatus for producing purified fluorine comprising:
a replaceable module, said module comprising a fluorine precursor
source located proximate to an adsorbent bed chamber comprising an adsorbent bed;

5 an electrolytic cell for producing fluorine gas in communication with

the fluorine precursor source and in communication with the adsorbent bed chamber.

46.  The apparatus of Claim 45, wherein the fluorine precursor source

includes hydrogen fluoride.

47.  The apparatus of Claim 45, wherein the electrolytic cell is charged
with KF-2(HF).

48.  The apparatus according to Claim 45, wherein the adsorbent bed

comprises sodium fluoride.

49.  The apparatus of Claim 45, wherein the fluorine gas produced by the
electrolytic cell is produced along with a gas mixture in which one of the gas mixture
components is selected from the group consisting of SiFs4, AsF3, AsFs and

combinations thereof.

50.  The apparatus of Claim 49, wherein the impurities are adsorbed by the
adsorbent bed.
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109&' () - 10%&' () - Quiethedpr recycling fluorine from a waste stream comprising the steps of:
providing a process chamber having an inner surface, said surface
having contaminants adhered thereto;
providing a stream of purified fluorine gas from a fluorine gas source
5 into the process chamber, wherein said fluorine gas source is provided from a fluorine
precursor source located proximate to an adsorbent bed in a replaceable unit;
providing an electrolytic cell comprising an electrode, said cell charged
with an amount of electrolyte;
providing a power supply and directing current from said power supply
10 to the electrolytic cell;
directing the fluorine precursor to the electrolytic cell;
collecting an amount of impure fluorine from the electrolyte of the
electrolytic cell to the adsorbent bed;
adsorbing impurities from the impure fluorine on adsorbent in the
15  adsorbent bed and producing purified fluorine;
directing purified fluorine from the adsorbent bed;
contacting the contaminants with the purified fluorine and removing
the contaminants from the chamber inner surface to create a waste stream,;
directing the waste stream from the process chamber to a purification
20  chamber, said purification chamber comprising an adsorption bed containing an
adsorbent;
adsorbing contaminants in the waste stream on the adsorbent in the
purification chamber;
converting the waste stream into a recycled fluorine source stream; and
25 directing the recycled fluorine source stream from the cleaning

chamber to the process chamber as a supplemental fluorine source stream.

52.  The method according to Claim 51, wherein the adsorbent comprises

graphite.
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adsorbent bed; and
directing purified fluorine from the adsorbent bed to the process
chamber;
dissociating the fluorine from the fluorine-containing compound, said
20 fluorine associating with the impurities on the interior surface of the process chamber;
directing the fluorine and impurities from the process chamber to a
purification chamber, said purification chamber containing an amount of adsorbent;
adsorbing the impurities onto the adsorbent;
directing the purified fluorine from the purification chamber to the
25  process chamber, said fluorine from the purification chamber supplementing the

fluorine-containing source.



"a" 10948 () -a" 109%4& ()-a" L0%:& ()-a" 10%#& () - _?vUs

a" 10%#& ()-a" 10%& ()- a’ '10%& () - a" 10%:& () -a” 10%:& () -a" 10%:& () - QOyX7vUa
C#1098& ()- ! 1098& ()-' f L109%& ()- 9-109%& ()-a" 10%t& ()-)? "Cn|[:vU4
9- 109%B& ()- "+ 109%& ()- *, 109%& ()- &Y(10%B& ()- & 109%8& ()- 3%
10%%& ()- _Y[:vUd "6y 10%B& ()- 85#100/65&' ()- “310%& ()- L2Z10%& () -

S0 10968 ()- . 109%& ()-Y3vU4 "10% & ()- "10%J' & ()- 10%J' & ()-10$10$10$
SF: 10968 ()- '8 1098& ()-3{@|[:vU4 QLF#"10% & ()-s ULf#" 100 & ()-s
"3"10% & ()- ="3"10%J)'& ()- = 3"10% & ()37 B 3"10%J' & ()- 7-| obU4

| 109 $& ()-101010 L3" 109%& ()-F Q3"10%)'& ()-F Lf#"10% & ()-s

QLf #1004 & ()-sGQ \ <bU4 a"10%m$& ()-o0a" 10%m$& ()-0 10%$& ()- @O%WMSE ()-
109$& () -~ 10%83& (Dhenféthéld according to Claim 53, wherein the fluorine-containing
a"10%m$& ()-o0a"10%m$& ()-o0a"10%m$& () - o- #3k1" a"109%n$& () - oa" 109%n$&’ () o0_?bU
4 compound comprises mtrogen trifluoride.

a"109%3$& () -o0a"109%m3& ()-o0a" 10%m3$& ()-o0a" 109%mP& () - o#3k1" a" 109%m3$& () - obh”=b
U4 3'1096& ()-0 3FLOMBE ()- 3& 109%B& ()- 3L

1098& () -a"10%n$&5() - mlfﬂetwédcbfdmg% @aﬂ;ﬁ%@t@éx@mtﬂ;@&ég%ieﬁe&?n@tﬂ@%& ()-
3@ 109%& () 3s! 1098& () - Z 1098& () %F buds 3 3F 10%@@ ()- 3fY
10%@ @ () - yprinofgpde pydfi @I vuEhERben o the gpgoss ghamber fs@w@@zses FN| [ bu4

3 3F10% Y @ 3F10%4a @ 339
10%@#@9)@ d&%ﬁ@gﬁi{@g‘?d Tt?’%gﬁt%ngsF( : 18}/@#@' ()- 33&( ?m%@#@c' ()-
WOv@@ ()- 3#"10%@@ ()- 33!- 10%@#@ ()- 3@Z109@@ () - kgl[ bus 3

33610%@ @ ()- 3 3100 @ 0% (%@ 370 109@ @& (
33& 109%@@ () - @’((‘9 9@? @@1 éée‘(ﬂ)‘efe@fbe/@‘mt(efmmﬂse
S1096G' G& () 0@@0@ @ 33y8810%@*@ ()-fzd|[:vU4 3 3

f 10%3' G& ()-s%'%é%ﬁé%%ﬂ@%%% G& ()-3 3 110%3' G& ()- 331093 G& ()- 3
1096GF G& ()-d:|[ vUs 3 3 (MLO%G G¥ ()-3 31 &10%' G ()-3 3$MO%S G¥ () -3 3
SH@LOYG G& ()- 3.lyl0%3 G& ()- 3g10%3' G& ()-2H [:vU4 3 35310%3"6&' ()-3 3
3109 G& () -3 396710%G' G&' ()-3 3 . 10%5' G& ()- 31 +10%5 G&' () -

) 10%G" G& () - Gkl magy, aﬁﬁﬁ%#&n‘&ﬂné”nm@@ﬁﬂ ﬁ&nﬂ&rea&i@l@}ﬁﬁ‘]b@ &9@1%6‘ GLOG'G
39F 109%G' G& ()- 3 fSFL0%S G& () - vU4 3 3 MLO% )-3 3&L0A H& ()-3 3

1094 #& () - 3F10% #& ( )apr@cesw%nl&r bavmsatll@aqt#&e {nlet aHA|opew_e14te3txsam
109 8 )2 ) Sl SRS Bl A, ;25 110 22 O
3f) 1099 #& () - 33(s10%#é&plageabRnddulé) MpidGnddule ¢&idpMsing a fluorine precursor
5  source located proximate to an adsorbent bed chamber comprising an adsorbent bed
and an electrolytic cell for producing fluorine gas in communication with the fluorine
precursor source and in communication with the adsorbent bed chamber, said module
having an outlet in communication with the process chamber inlet;
a waste stream for directing a fluorine-containing compound and
10  impurities from the process chamber, said waste stream in fluid communication with
the process chamber; and
a purification chamber having an inlet and an outlet, the purification
chamber inlet in fluid communication with the waste stream outlet and located
downstream from the process chamber, said purification chamber comprising an
15  amount of adsorbent for the impurities, with the cleaning chamber outlet in fluid
communication with a pathway for directing purified fluorine from the purification

chamber to the process chamber.
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source comprises hydrogen fluoride.

60. A compound comprising:
CF, wherein x is from about 0.9 to about 1.2; and
polytetrafluoroethylene;
wherein the weight ratio of CF; to polytetrafluoroethylene is

5 about 9:1.

61. The compound according to Claim 60, further comprising an amount of a

pore-forming compound.

62. The compound according to Claim 60, wherein the pore-forming

compound comprises 2-propanol.

63. The compound according to Claim 61, wherein the pore-forming

compound comprises hexadecafluoroheptane.

64. The compound according to Claim 61, wherein the pore-forming

compound comprises a perfluoro-containing compound.

65. The compound according to Claim 61, wherein the pore-forming

compound is present in an amount of about 50 weight percent.
66. The compound according to Claim 60, wherein x is about 1.15.

67. The compound according to Claim 60, wherein the CFy is 2065 grade CF;.
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median particle size is about 500 pm.

69. The compound according to Claim 60, wherein the polytetrafluoroethylene

median particle size is about 500 um.

70. The compound according to Claim 60, wherein the CFx component has a

median particle size of about 1 pm.

71. The compound according to Claim 60, wherein the CFx component and the

polytetrafluoroethylene are provided as powders.

72. A pelletized adsorbent comprising:
CFy wherein x is about 1.15; and
polytetrafluoroethylene;

wherein the weight ratio of CFy to polytetrafluoroethylene is about 9:1.

73.
A method for recycling fluorine from a waste stream comprising the steps of:
providing a processing chamber having an inner surface, said surface
having contaminants adhered thereto;
providing a stream of fluorine-containing gas from a flowing gas
5  source into the processing chamber;
contacting the contaminants with the fluorine-containing gas and
removing the contaminants from the chamber inner surface to create a waste stream;
directing the waste stream from the processing chamber to a cleaning
chamber, said cleaning chamber comprising an adsorption bed of CF,-containing

10 adsorbent compound, wherein x is from about 0.9 to about 1.2;
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adsorbing contaminants in the waste stream on the CFy adsorbent in
the cleaning chamber to produce purified fluorine;

converting the waste stream into a recycled fluorine source stream; and

directing the purified fluorine from the cleaning chamber to the

15  processing chamber as a supplemental fluorine source stream.

74. The method according to Claim 73 wherein, in the CF, adsorbent, x is

from about 0.9 to about 1.2.

75. The method according to Claim 73, wherein, in the CF, adsorbent, x is
about 1.15.

76.  The method according to Claim 73, wherein the contaminants

comprise silicon-containing compounds.

77.  The method according to Claim 73, wherein the contaminants

comprise SiF,.

78.  The method according to Claim 73, wherein the fluorine-containing
source gas is a gas mixture in which one of the components is selected from the group

consisting of NF;, CF,, C;Fs, SF», and mixtures thereof.

79.  The method according to Claim 73, wherein the fluorine-containing

source gas is evacuated from the processing chamber under negative pressure.

80.  The method according to Claim 79, wherein the negative pressure is
achieved from at least one vacuum pump having pumping speeds of from about
20m>/h to about 100 m*/h and capable of achieving pressures of from about 0.01 mbar

to about 1000 mbar.
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cleaning chamber is maintained at a pressure of from about 300 torr to about 2000

torr.

83.
The method according to Claim 73, further comprising the steps of:
regenerating the CF, adsorption bed by directing a flow of adsorption
bed regenerating gas from a regenerating gas source into the absorption bed;
cleansing the adsorption bed of contaminants and directing the
5  contaminants into the regenerating gas; and
directing the contaminant-containing regenerating gas from the

cleaning chamber.
84.  The method according to Claim 83, wherein the contaminant
comprises a silicon-containing compound.

85.  The method according to Claim 83, wherein the silicon-containing

compound comprises SiF,.

86.  The method according to Claim 83, wherein the adsorption bed

regenerating gas comprises nitrogen.

87. The method according to Claim 83, wherein the CF, comprises about

90% by weight of a CF, material and about 10% by weight of polytetrafluoroethylene.
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3l an amount of organic compound selected from the group consisting of propanols,

heptanes and perfluoro-containing compounds.

90.  The method according to Claim 89, wherein the propanol comprises 2-

propanol.

91.  The method according to Claim 89, wherein the heptane comprises
hexadecafluoroheptane.

92.

A method for cleaning impurities from an inner surface of a reaction chamber

comprising the steps of:

providing a processing chamber having impurities on an interior
surface;

5 directing a flow of a fluorine-containing compound to the processing

chamber from a fluorine-containing source;

dissociating the fluorine from the fluorine-containing compound, said
fluorine associating with the impurities on the interior surface of the processing
chamber;

10 directing the fluorine and impurities from the processing chamber to a
cleaning chamber, said cleaning chamber containing an amount of CFy, wherein x is
from about 0.9 to about 1.2 to produce purified fluorine;

adsorbing the impurities onto the CFy;
directing the purified fluorine from the cleaning chamber to the
15  processing chamber, said fluorine from the cleaning chamber supplementing the

fluorine-containing source.
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fluorine from the cleaning chamber to the processing chamber further comprises
directing the fluorine to a storage tank located upstream from the processing chamber

and downstream from the cleaning chamber.

95.  The method according to Claim 92, wherein the impurities comprise

silicon-containing impurities.

96.  The method according to Claim 95, wherein the impurities comprise

SiFs.

97.

A method for adsorbing impurities from a fluorine-containing stream
in an adsorbent bed comprising the steps of:

directing a flow of a fluorine-containing compound to a processing
chamber, said processing chamber having an inner surface with impurities deposited

5 on said inner surface;

dissociating the fluorine from the fluorine-containing compound, said
fluorine associating with the impurities in the processing chamber;

directing the fluorine and impurities from the processing chamber to a
cleaning chamber, said cleaning chamber containing an amount of CF, adsorbent,

10 wherein x is from about 0.9 to about 1.2 to produce purified fluorine;
adsorbing the impurities onto the CFy; and
directing the purified fluorine from the cleaning chamber to a fluorine

storage tank.
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The method according to Claim 97, further comprising an adsorbent
regeneration cycle comprising the steps of:

directing a flow of an inert compound into the cleaning chamber

during a period when the processing chamber is not having impurities removed from
the inner surface of the processing chamber;
removing adsorbed impurities from the CF;. and
exhausting the impurities and the inert compound from the cleaning

chamber.

100. The method according to Claim 99, wherein the fluorine-containing

compound comprises nitrogen trifluoride.

101. The method according to Claim 99, wherein the fluorine storage tank is

located upstream from, and in fluid connection with the processing chamber.

102. The method according to Claim 97, wherein the impurities comprise

silicon-containing impurities.

103. The method according to Claim 102, wherein the impurities comprise
SiF,.

104. The method according to Claim 99, wherein the inert compound is

selected from the group consisting of argon, xenon, nitrogen, and mixtures thereof.

105.

An apparatus for cleaning impurities from a reaction chamber comprising:

033



(z1OWN & ()-3 3 FRIOWN & ()- 3Y $AOMN & ()- 3 , 10N & ()- 3 3+109W & () -

3Y )I0OWN & ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"

"Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Headi ng 93] c"A "Default Paragraph Font G 4)20<vBKT]*ggzw | nd

] c#{ (- 27<ChGNPRTVXZ\ ~" bdf hj | nprtvxz| ~' yEz@k; K( $+y2=9@hJ

Z"$' N) #+7, 15=: /| 2ACGMFVXs] " f]jntx_} g #VfvrZ@®YC37hkd' Ba | V nnp

AN UHSD&F ' ()| +, -. 0{1y2345k7J89: ; +:>?@DEIZ | hJ I"#$UR' () *+,-./0123456789: ;
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ _" abcdef ghi j kI mopqgr st uvwxyz{| } ~6Ti nes

New RomanAri al Courier New'h Root EntryWrdDocunent5

I"H#B9& ()*+,-./0123456789: ; i )

<=>? @GA\BCDEFGHI J KL MNOPERSTEssing/Grnber hayingiatrlgast pre il 3ad one viasty siregm.

" - .
<=5 acher Y SR EREE R srmseton s it RSSO SRS uvweye 1 -
a waste stream for directing a fluorine-containing compound and
5  impurities from the processing chamber, said waste stream in fluid communication
with the processing chamber; and
a cleaning chamber having an inlet and an outlet, the cleaning chamber
inlet in fluid communication with the waste stream outlet and located downstream
from the processing chamber, said cleaning chamber comprising an amount of CFy as
10  an adsorbent for the impurities, wherein x is from about 0.9 to about 1.2, with the
cleaning chamber outlet in fluid communication with a pathway for directing purified

fluorine from the cleaning chamber to the processing chamber.

106. The apparatus according to Claim 105, wherein the apparatus further

comprises a storage tank for the fluorine..

107. The apparatus according to Claim 105, wherein the fluorine source

comprises nitrogen trifluoride.

108. The apparatus according to Claim 105, wherein the apparatus further
comprises an inert gas source in fluid communication with the cleaning chamber
outlet for the purpose of introducing an inert compound into the cleaning chamber

through the cleaning chamber outlet to effect regeneration.

109. The apparatus according to Claim 105, wherein the cleaning chamber
column inlet can be reversed to become an outlet for the purpose of exhausting

impurities and inert compound from the cleaning chamber.

110. The apparatus according to Claim 105, wherein the inert compound is
selected from the group consisting of argon-containing compounds, xenon-containing

compounds, nitrogen-containing compounds, and mixtures thereof.
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111. The apparatus according to Claim 105, further comprising at least one
heat exchanger capable of cooling the waste stream, the fluorine, and the inert

compound and impurities to about —30°C.

112. The apparatus according to Claim 105, further comprising at least one
pump located downstream from the cleaning chamber, said pump having pumping
speeds of from about 20m>/h to about 100 m*/h and capable of achieving pressures of

from about 0.01 mbar to about 1000 mbar.

113. The apparatus according to Claim 105, wherein the impurities

comprise silicon-containing compounds.

114.  The apparatus according to Claim 113, wherein the impurities

comprise SiFj.

115. The apparatus according to Claim 105, wherein the temperature in the
cleaning chamber is maintained at a temperature of from about —150°C
to about 20°C.

116. The apparatus according to Claim 105, wherein the pressure in the
cleaning chamber is maintained at a pressure of from about 300 torr to
about 2000 torr.



