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present application relates to the field of gas purlflcatlo cyc i ng.
More specifically, the present invention relates to th me ‘ cl ed

fluorine to 5 supplenent nitrogen trifluoride for clea
surfaces, and the purification and recycling of f4ue#+ne~g&§ﬁ&BA€K6RCUND
OF THE | NVENTI ON Sem conductor chi p manufacturers have Ion@ recogni zed t

del eterious 10 effects of deposits, such as, for exammMEmmm uwmmEepOS|ts on
the reaction chanber walls in which the various che ns and

deposition processes take place during chip manufact urex*cofs*i npurities
build up on reaction chanber surfaces, such as interior chanber walls, the
risk increases that such inmpurities may be co-deposited on target work
pi ece surfaces, such as cHFLHOD ORRECYThNGfEIIGORSNEh chanbers nust 15 be

periodically cleaned i s in_the chi nuf act uri ng process.
One known way to cIe&ﬂﬂikggaﬂ§ﬁgggﬁﬁh@Bb%@ggqﬁﬁﬁﬂQghE%@CESSreact|on
chanmber walls is to produce a fluorine plasma in the reaction chanber,
under sub- atnospheric pressure, to renove unwanted silicon-containing

oxi de deposits fronlthe intefﬂﬁﬂ)éﬁéﬁHEHNMﬂNEKNW%iIe di atomi c quorine

(F2) is an excel ate as 20 so e.for the fluorine plasm,
is highly reactﬂtg% ?%Kmfﬁ@“?ﬁﬁgpﬁﬁﬁfﬁf%§ﬁﬁ“léﬁﬁﬁbﬁmﬁﬂh@ﬂsafely

obt ai ned bynmf3§@ﬁﬁaﬂwngm &eht il &RfohRElaeQ R Al such as, for
exanpl e, NF3, CF4, C2F6, SF6, étc Fn egsencebLgﬂgf&?ﬂggrﬂgagbnpalnlng 2

gas that caHP %m%db‘ﬁ?ﬁ?@éﬁﬂllmdﬁ faeelesing chrmbansupes;iad thop@ifidasibhy can be

used for %H@Rg§&“gJ5@mk9%e hgtrogen trifluoride (NF3) has proven to be an
extrenely safe, “uséeful &srsatile source of el enental fluorine for

reactions, and for use in apparatus cleaning 5 protocols. However, the
dramatic surge in demand for NF3 has resulted in a virtual gl obal shortage
of this relatively expensiBACKGREUND.OF AHIINVENKIONost of the cl eani ng

Semiconductor chip manufacturers have long recognized the deleterious
10 effects of deposits, such as, for example, oxide deposits on the reaction chamber walls
in which the various chemical reactions and deposition processes take place during
chip manufacture. As impurities build up on reaction chamber surfaces, such as
interior chamber walls, the risk increases that such impurities may be co-deposited on
target work piece surfaces, such as computer chips. Therefore, such chambers must
15 be periodically cleaned during down cycles in the chip manufacturing process.

One known way to clean the unwanted deposits from interior reaction
chamber walls is to produce a fluorine plasma in the reaction chamber, under sub-
atmospheric pressure, to remove unwanted silicon-containing oxide deposits from the
interior chamber walls. While diatomic fluorine (F2) is an excellent candidate as a

20 source for the fluorine plasma, it is highly reactive. Therefore, the fluorine plasma
can be more safely obtained by dissociating other fluorine-containing compounds

such as, for example, NF3, CF,, C,Fs, SFs, etc. In essence, any fluorine-containing



" protesses using NF3 only consunme about 15% of the fluorine contained within
the NF3 in the actual cleaning operation, with the remaining fluorine
bei ng exhausted, treated, neutralized and eventual |y discarded. 10
Cyclical adsorption processes are generally enployed for use in fluorine
recycling processes. Such preferred processes include pressure sw ng
adsorption (PSA) and tenperature swi ng adsorption (TSA) cycles, or

combi nat | ogy 4 NEL EOh. TR AISAIPALOR 168R PRI LLEG AN tcah Be B Fhf angement  of
two or noreé a sorp Fon bads arrangea in 6hrafPeF ahd opeFa ed out of

phase, sochahbkr dtarig@st one bed is undergoing 15 adsorption while another
bed is being regenerated. Specific fluorine recycle applications into which

the invention RBiespRtitHosids b das ProvFRtebaalcatiemepHe. uselBbdid i on and
etching chauher so%k&%'e[b%e%a‘?%ﬁﬁgéfor?éa%tionhEnJ Fod Qkd s ﬁgﬁhé'c a ngl source
conpound, any ot her reagents, and inert gases used i BYiRe chambér cl eani ng
process aretocylpl Emeyers theplraraaticasirgoinpleanad dorgdisdms asrilte@th avietualdm tt ed

into the chanber usi .a_conbj nation of pressure controllers and nass flow
control | Siehi gharasser %vwfmvekrﬁxa?_am&eoreé@g?l- 'Siﬂég‘?:‘Pe%zr{P‘_P% of g cLRsaing: el f
requires phhakestisRlg@SFForPe cMRLAE AR SYPSE he AMLGA ccﬁﬁaiiﬁéﬂ Wiginghamer to

e
break up the fluori'ne-" containing source conpound so that active fluorine
i ons and NEdindh¢ acteal eleanmgentration, with theremainmgdluwant hginglsshaustedy. To

maintain the pla he, chanmber .is kept at a | ow 25 pressure, typically
bet ween atﬁ??getd’ Teﬁﬁgzi%a“floervfn%lﬂg%f]'ﬁfaé,hecgy using a vacuum punp to renove the
gaseouws waste QydiduiCddSomiion piytedsts SRt all padpaseorubain Mk se t he

exhaust gas. The pressure in the chanber is typically controlled by
regul at i N§CYHEE PFYcsssedf Seshhrigierred arocessgrrinchile Presppe sWing adserpRBnber  punp

i : er. intain th
chanber Hroadabd ofichlfie Sk Aiifhoh PSRN BB TR, B0 12 on
i s per f oradckrptinh eambd ¢aried yuthe bnermgtapasof tworor3nore pésoapticntseds Ty pi cal | y,

one to five depositi oper ati ons 'thl be perforned between every chanber
cl eani ng BfES ingperalfef apd ppeaspd pay Bif EnibRbrcs] NS UpiREEUPEses the
reactjison QR&S8cAWAIINGERothakdat BARg rebkRéGRl! ¥ptdific MESinsSrei3soci ated into
nitrogen and energetic fluorine 5 radicals. ﬁbmever, the unused radicals
r econbi neappbcdtonairtd whidhribe invaniedn ¢an hgiinewsperdtedfinadpdet taguwpsapon as wast e and
exhaust ed sugh as; Lo a facilit Y, abat enent devi ce.
deposition and €tching chamber cleaning procésses, etc.
The fluorine-containing source compound, any other reagents, and inert gases
used in the chamber cleaning process are typically supplied as compressed gases and
20  are admitted into the chamber using a combination of pressure controllers and mass
flow controllers to effect the cleaning process. The cleaning process itself requires
that a plasma be maintained upstream of, or in the chamber to break up the fluorine-
containing source compound so that active fluorine ions and radicals are present to
perform the cleaning chemistry. To maintain the plasma, the chamber is kept at a low
25  pressure, typically between about 1 and 10 Torr absolute, by using a vacuum pump to
remove the gaseous waste products and any unreacted feed gases that comprise the
exhaust gas. The pressure in the chamber is typically controlled by regulating the
flow of exhaust gas from the chamber to the chamber pump using a vacuum throttle

valve and feedback controller to maintain the chamber pressure at he desired setpoint.

30  The chamber cleaning operation is performed intermittently between deposition



“It nould 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
colum separation 10 techni ques have proven unsuitable or unreliable for
use with fluorine. Fluorine's high degree of reactivity and instability
makes a successful adsorbent selection (for use as adsorbent packing

t hi t tr |y, dif. lt..Th t il
Combust - or ot EFICRE SREHLEPY BORA <R ulb Bpe i e RGPS hbl y unl ess

the mat efetben dieBcHambePKBarliR€op@htiti and the adsorbent bed are made to be
non-reactive 15 with fluorine, or are protected by a stable fluoride |ayer.

Traditional stladypied|reastion gh@an;fc{e@nmg@@par@ta}gqq thereagiien gﬁsa%QfﬁcNRsessel s and
beds combygt, g(ﬁis'f)élcaﬁk tléﬁunggld?ﬁgagte %ﬁ?olg%gt ac?)?x}/el?gcilt V\tﬁuo?‘mgo unsui t abl e

for fluorine Separatio err en exposed to
f | uorisne.radligale, Blwvewr?,tlﬂllsmkme&calwmmsandomﬂbaﬁiné ohidheisdiragedyas
di scharged from 20 a vacuum p The system reduces or elimnates

eni ssi on ¥Yn lPFeSyéieﬁb%sp‘M%ﬁteea‘tSifeX%@‘I‘%‘@aP“%aqsﬁPﬁ acilly @8ateent deyigSer f | uor o
conpounds di scR{ARMLd J&Hﬁt%%%u!?&f&!mmB%mr@dﬂh@hﬁﬁm{e‘?\%&@@y the energy

required for operatin acuum However sytemls not suitable
for recycpurrfgmgltlmjﬁmmme ®5ca4d1n§UM\imWr1@s inHie WWENfMﬂNanthhAna:ﬂum ng to a
ovi a net hod.f or ling fluorine froma

first asp the iS. p

unste o PBRTRGHERT urig thRE I cibvETe: BRIN HERES b DBe bR Rtber havi ng an
i nnerlosurtéaﬁﬁ?ué ahet sevdrpeRuladié agumﬁmm@farr&@@tv&hmeﬁh@dmbﬁﬁ@g fighl0
providing a ream of fluorine-containing gas froma flow ng gas source

i nto t he seoeed seasksitpand ingightliay miakes etfhl@cmm adrorkent selegition (fohase as
e e A R R e
st ream f rwil doebugt, of ethsrvibaadierselyareact @wmaftuxebyc arm@dnunpredictably unless the
materials used to make the column and the adsorbent bed are made to be non-reactive
15  with fluorine, or are protected by a stable fluoride layer. Traditional steel columns are
often too reactive, and plastic vessels and beds combust easily. Silica gels and
molecular sieves are also unsuitable for fluorine separation due to their lack of
stability when exposed to fluorine.
US 6,277,173 discloses a system and method for reusing gas discharged from
20 avacuum pump. The system reduces or eliminates emission to the atmosphere of
global warming gases such as perfluoro compounds discharged from the vacuum

pump, and also reduces the energy required for operating the vacuum pump.

However, the sytem is not suitable for recycling flourine.

25



" chamber, said purification chanber conprising an adsorption bed cont ai ni ng
an adsorbent that is non-adsorbent to fluorine; adsorbing contam nants in
the waste stream on the adsorbent in the purification chanber; 20
converting the waste streaminto a regycled fluorine source streany and
directing the recycled fluorine source streamfromthe purification
chanber to the process chanber as a supplenental fluorine source stream
According to a second aspect, there is provided a nethod for recycling 25
fluorine froma waste stream conprising the steps of: providing a process
chanmber having an inner surface, said surface having contam nants adhered
thereto; providing a streamof purified fluorine gas froma fluorine gas
source into the process chanber, wherein said fluorine gas source is

provided froma fluorine QA ERN TN TER NPt ed proximate to an
adsorbent bed that is non-adsorbent to fluorine in a replaceable unit; 5

provi ding an electrolytic cell conprising an electrode, said cell charged

with an amount of electrolyte; providing,a power supply. and directing
current from sAF@THBGE 2 BiRHBIRFCY B’leffhlé preyided 3 wethed dordesyeling tlypriagt i ng t he

fluorine prEQUISAY stieQmiddtieis %ttfégét%ﬁsj & cell; collecting an amount of inpure
I t

fluorine fromthe electrolyte o e electrolytic cell to the adsorbent
bed; adsor bi ngprovidingi a prescss cloambdndaving an énrfek sirficassaghsuafisohipeng i n t he
adsor bent bed .and producing, purified fluorine; 10 directing purified
quorine‘¥P8W?Pﬂ35§%§5#ﬂhﬂ¥“ged; contacting the contam nants with the

puri fliged fl uorgrp@dmit si@BR\Uf Meiofil& cotRindBad &ohba floNMg 28 selggber i nner
surface to create a waste stream directing the waste streamfromthe

process cdhertbepracessehpmbet i cati on chanber, said purification chanber

conprising an c%qga%{u%\gl% Qogt?i?)h?a%?st \thlll1 tl%gﬂu%?ng-%égt%?l%]éga[s]ﬁ%d adsor bi ng
contamnants In e ste stream on e adsorpbent | e
removing the contaminants from the process chamber inner surface to create a waste
stream;

15 directing the waste stream from the process chamber to a purification
chamber, said purification chamber comprising an adsorption bed containing an
adsorbent that is non-adsorbent to fluorine;

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

20 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.

According to a second aspect, there is provided a method for recycling
25  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 into the
process chamber, wherein said fluorine gas source is provided from a fluorine
30  precursor source located proximate to an adsorbent bed that is non-adsorbent to

fluorine in a replaceable unit;



"purification chanber; converting the waste streaminto a recycled fluorine
source stream and directing the recycled fluorine source streamfromthe
cl eani ng chanber to the process chanber as a supplenental fluorine source
stream 20 6 BRI EF DESCRI PTI ON OF THE DRAW NGS 5 Havi ng thus described the
invention in general ternms, reference will now be nade to the acconpanyi ng
drawi ngs, which are not necessarily drawn to scale, and wherein: Fig. 1is

a bl ock diagram descri bin typjcal r.eaction chamnber ani ng . process. 10
fio 5 s a bR Rl Bl S ameliing by Re G T e SL ERER B oy esent
i nvent i ondn @RéhntbPeledrdlgted gr aph showi ng the reaction cycle of a
representative process of the present invention. Figs. 4 and 5 are
schemati ¢ r epriF8WAINgtd RAYEET SRPRAY prédiseatiag carpisdiane pid ppweheippygophesent

i nventi on&#%ﬂ,@%ﬁﬁ, nodul ar HF source and adsorbent bed. 7 DETAILED

DESCRI PTI ¢ I NVENTI ON The present invention now will be described

nmore fsul |y herditaodhg ehe fiotihe pfecusbetoahe eletienlifiecdlzconpanyi ng draw ngs, in
whi ch preferred enbodi nents of. the _inyvention are shown. This invention
may, however, SHCEHSAN %Olinwﬁwrﬂﬂwr@%w theoflpEroAvE 0§ His Rl tiRbitiche

const r ued.efso iddds6behidbekine embodi ments set forth herein; rather, these
enbodi nents are provided so that this disclosure will be thorough and
conpl et e, and adsorbirfgLimipyrisenfrem thhienmure fleomie erhalsbrbeaninitoe t o t hose skill ed

inthe art. 10 Like nunbers refer to lLike elenents throughout. Fig. 1. is a
si npl e dr%ﬂﬁ?r]r‘?ﬁméﬁg\ﬁnﬁﬁroéﬁﬂpﬁipél& leﬁjb%rt”ileon chamber cl eaning apparat us.

Bl ockj0A 1 epr esicin@p&diddCudimBiffodh thefadkorbl® befhanber cl eaning gases. In a
typi cal configuration the gases used are NF3 and argon. Block B represents

a renpte pl asivatagergthgcontamppapiscwith the purified dlygriee ardygmeryingribe r ument . Bl ock
D repr ese&h?mﬁin&ts from the chamber inner surface to create a waste stream,;

directing the waste stream from the process chamber to a purification chamber,
said purification chamber comprising an adsorption bed containing an adsorbent;
15 adsorbing contaminants in the waste stream on the adsorbent in the
purification chamber;
converting the waste stream into a recycled fluorine source stream; and
directing the recycled fluorine source stream from the cleaning chamber to the
process chamber as a supplemental fluorine source stream.

20



*15 reaction chanber from whi ch unwant ed deposition products are to be
cleaned. Block E is a large throat vacuum val ve and vacuum punp, which
together with Block C provides pressure control during the reaction

cl anber clean cycle. Block Fis an exhaust port |eading to an abatenent
device. During a typical chanber cleaning process, a flow of argon in the
range of 20 fromabout 1 to about 6 sImfromthe source manifold (A) is
established and allowed to flowinto the renote plasnma generator (B).
Pressure in the generator is kept between fromabout | to 4 Torr by a
feedback | oop established between the pressure reading instrunment (C) and
the large throat vacuum val ve and vacuum punp W plasma is ignited and
all owed to stabilize. ﬂRiﬂ%W%ERﬂF@QN@ﬁ'FWﬁD ®3est abl i shed 25 usual |y
in the range of fromabout 1 to about 6 sIm The argon flowis adjusted to
meet process requirenents usually in the range zero to two tinmes the NF3
flow sate.  Oldevihdehuk desribad g ihaneios irdfidnletal @tmspre@senveavilimot: gener at or
is maintained in the range of fromabout | to about 10 Torr. In the renote
pl asma genadefoghe %@Pmpﬁ?ﬁénﬁﬁ@“ﬂ%gsdW§§8@F“a’t‘@d‘ef>‘1’f§§€11ﬁ|df3f"6§1@r§°&1ﬁdan 30

energet i Cwﬁ‘%{gml’l ne radicals. The outlet flow fromthe renmote plasnma
generator t conprises a gas m xture containing anounts of fluorine

radi cal s, nitrldgehis arlgdndiagrdm desclitssge itgtied rddeGon dimintbegakeamingt ure enters
the reaction chanber (D). In the reaction 8 chanber (D) the energetic
fluorine F8ti%tal s react with unwanted deposition products, such as

si | i cgn- cont ai figNYisexdcH@natiElepresé MATRVE aGrERALAPrdcBe &m@émegenf)f unwant ed
deposits. This reaction proceeds typically for a period of from about one
to sever aJFlVCHﬁOnu@ré% until the unwanted deposition products are renoved from
t he chanber. . e [ w th an
opti cal endpoi ng' i ncﬁngrgﬁg%%%%ﬁ%r{éacgﬁgc {al? 8{;??6 ni nma?lv ng?/rozciésgna ®fraction
of the avgmkdeabingeftianori ne radicals react to renove the unwanted deposition
products from¢the reaction chanber. Indeed, the nmajority of the fluorine
radi cal s recorfiBhé ang xare sshematie fensesentabipRief aprel ermﬁueglbpﬁwmi Akthes not

avai | bl eprkgenp&%mﬁdn%eﬂﬂg% &ua&@#m%&gewa&%% tes. Instead, this 10
fluorine ‘along with nitrogen, argon, I ssocl ated NF3, SiF4, oxygen and
other reaction products is exhausted to a facility abatenent device (F)

t hrough the large throat vacuum val ve and vacuum punp (E).



" Figr 2 shows one preferred enbodi nent of the present invention. As shown in
Fig. 2, in one enbodinent, the present invention is directed to a

st and- al one recycl e- 15 based cl eani ng support system 10 conpri sing

cl eaning chanber 12 in fluid comunication with a generic process chanber
14. This recycling systemdelivers recycled fluorine gas fromthe cleaning
chanber to the process chanber. The cleaning gas conprises variable
anounts of NF3, CF4, recycled F2, F2 fromother sources, other fluorine
cont ai ni ng gases, such as SF6, and variable ambunts of inert 20 gas such as

helium or argon. TheDEF@YLEP BESCRIPTIOMNOEITHXINVENTgON from the process
chanber 14 which is typically under vacuum during cleaning, while managing
t he abatenent and/or recovery, purification, blending, and re-introduction

of the cl eani nggas.hnhQchfy RAPGAPS: BABRE mbdk il AGRj-ge: 3afe, compositfon

and pressure setp trmate e recycl e system of
the p r5es enferése itmtherat¢aompamyimggiswinge, 1a\windhaﬂsrbkmeé smbbdmn(st afahe exhaust

wast e, ase to.l ower the total t.of op |ngthetool
cl eani ng B?*a%@gér ol [dbioxetion ek hayeyerche RRodFLIn wHY Ll TEIeRS e

gener at 0rfofrﬂ9£nc§fm8miﬂ)not bd REnGRSd §§%tt¥d &ﬁh@@&b@&lﬂ%&tseﬁm%éﬁ used for
oxi de deposition are shown separate fromthe cleaning process. Three port

swi t chi ngathar, veesg 2mbediaents dre prwidedish¢hadthipdisclosiwe gal bv@lwwghmmp 24 or the

recycle pu ess ch ust es 27 and 28
are used Cto%le?[ aé]? ﬁ Procss egsﬁgpest(‘g'gﬂl‘vsg}%?‘b‘i%qﬁ%“é ille dn dess gas
vacuum puriRe Bdmbdietréfet fodike\chdnvéntthrdyo@ct ual | y represent nore than one
val ve. Valve 30 preferably is a |large throat vacuumvalve. In sone control

cases it can 38 bpet simple drawing fhoptng atypigal eaction ¢hiamber elaging pressure

signal i ﬁg%ﬁﬂvﬁl(\%{g% 6&fr§s%ﬁf§ esoh glzegﬁ't?f)ﬁf fo? ﬂ%%h%&%%%lezﬁ]rgg ?a(sjsgal O adj ust

t he openi I'n a oop to contro pressure
i n the prigpiesicoafigiheon thé.gatas u@écha*e Nigahd aigonc &iek, B Veeplresentsa relgoet to a

artlally enthrottlln osition or set t fuII open or full
cl osed pddfYidsEneriry gloc q‘p(ghﬁja Erﬁssblf%'f’eéalﬁﬁllV){rugleﬁt }glro ke Deprssentetent vacuum

punp ltShatreﬁc‘ilon%garﬁgmm Rt hntdd@ieBs 8Ot pRARME hiel t@@e cRaréd. YBibo90%)
fluorine Iq\g{as stream The available displacenent is designed to deliver the

required s large| thrpal wacppmivglve and vacuum pump, which together with Block C

provides pressure control during the reaction clamber clean cycle. Block F is an
exhaust port leading to an abatement device.
During a typical chamber cleaning process, a flow of argon in the range of
20  from about 1 to about 6 slm from the source manifold (A) is established and allowed
to flow into the remote plasma generator (B). Pressure in the generator is kept
between from about 1 to 4 Torr by a feedback loop established between the pressure
reading instrument (C) and the large throat vacuum valve and vacuum pump (E). A
plasma is ignited and allowed to stabilize. A flow of NF; from (A) is then established
25 usually in the range of from about 1 to about 6 slm. The argon flow is adjusted to
meet process requirements usually in the range zero to two times the NF; flow rate.
Once the flow rates have stabilized, pressure in the generator is maintained in the
range of from about 1 to about 10 Torr.
In the remote plasma generator (B), the NFj; is dissociated into nitrogen and
30  energetic fluorine radicals. The outlet flow from the remote plasma generator then
comprises a gas mixture containing amounts of fluorine radicals, nitrogen, argon and

undissociated NF;. This gas mixture enters the reaction chamber (D). In the reaction



- proeess chanber 14 during cleaning. In general, the punp 26 will require
purging with a dry inert gas such as argon, nitrogen and helium Pressure
transducer 36 senses pressure (vacuum) on the inlet side 38 of the 15
recycle punp 26. Mass flow controller 840 supplies an inert gas used to
purge portions of the recycle punp 26. Pressure transducer 42 senses
pressure (vacuum on the outlet side 44 of the recycle punp 26. Check

val ve 46 ntro enting. the recycl e exhayst 20 to the abat enent
Syst om (rGERERoUmY K B BRic kil Rt M SR P S Broshd

absol ut e. suvAky silidéh-tentShipwoxedes 2et€ Rgkbyvakatngihk eWaBerfdfowmhmedO t he
abat enent syst em whenever the pressure of the recycle Furrp exhaust 20 is

above t HEPABE: difthicadipsrancesielpiselly [ pealod oF froavahot prs 9aekTRlow from t he
abat ement ,; Sy3L6H) ¥ReAwWaREd Béﬁ&ﬁ{yfpraé%g{ &te %%&ehfffﬂd?@ﬂ}écc%m%%r. i | ess than
al've cou a

t he abatenent system pressure. al so be a nechani cal
backprses suone qasgputhetreaction eadpdimtos toaitored with dnogpeichlemdpoinhindicheedback

controll er operating with pressure transducer to . intain a pressure
cetpoint Ve RS BB haipeEsBTRE POV T GACGAS! RGN BURHER 44 of ¢ he
recycle %Hﬂéals%@alcli f?)ft}éhl%vé MeQinwafte@fdepbstisd ﬁ%ﬂh@glerBQHp?{acﬂ(?n cfepr abl y,

u

valve 54 is a ow open/close valve and valve 52 is a restricted flow

open/ cl osladeesl, the majerifyofiheiBraringgadicalp sacombsrierigicecaterglemental fugrine. (not

shown) copl.d-repl ace this wvalve conbi nat.ign. The use 30 of two, yal ves

Festr ot Tt BupRadiiapt HlebeliRed PufieieaR hufier peatnl store ity Mamber 12
when foher gudrihealdn@ngieh Piteg& atzodi iddésotiaRd N, PIFQVd@8e@andéthér start™. The
use of the two valves is also wasteful when the outlet 44 of the recycle
punp 26 i§agionuodustsys sptasisied thp fagdlity abatpmentdevigg Sbr therghpesilangg i s under
vacuum at t..of i cycle. The adsorbent bed conpri ses
CF, , V\hertglltdr%?ﬁ%ugﬁ}\@gvn%% gﬁltc gtn'?% (Egbout 1.2, and is pelletized according
t o t he met hodsFidel shravsanhe ipeefeired embodmERt, of thé pirebdne inveotiqar. i As sigpvaninanount  of

PTFE and tionall ore-form ng agent. .5 According to the present

i nventi o_nl?lgviaﬂ'@@%e é’@,gocg‘?e%EheoPrB?gh@gﬁfltW‘i‘éﬁd’trﬁéeJ‘iorﬂ nglmdﬁo%? reﬂ‘Fge'r ecycl e
punp 126 itaséd cARNENPPBA st HEmABIRIRRIngREANnHS dhdm¥AdeY in tRESSUre at the
start of the bed regeneration cycle. Valves 60 and 62 control the flow of

gas from oemyunifastonseitiod genesic aergepenrmbee . 1Phis cecypling syistem ddivefs t he

recycl e PL cl&pﬂu rﬁ%gag%%?{ the cf/egrlli\r/lg cﬁasz)esf t& tlIeuplr!)cefsé Ynt e?.nll"ﬁfl: ose val ve and
val ve 60 i a restri e ow

cleaning gas comprises variable amounts of NF3, CF4, recycled F,, F, from other
sources, other fluorine containing gases, such as SFs, and variable amounts of inert
20  gas such as helium or argon. The recycle system removes exhaust gas from the
process chamber 14 which is typically under vacuum during cleaning, while
managing the abatement and/or recovery, purification, blending, and re-introduction
of the cleaning gas into the process chamber 14 to achieve some composition and
pressure setpoint in the chamber 14. Ultimately, the recycle system of the present
25  invention manages the available resources (tool exhaust waste, supply gases, power)
to lower the total cost of operating the tool cleaning process.
The process chamber 14 includes the remote plasma generator (not shown).
The gas supply 16 and exhaust system 18 used for oxide deposition are shown
separate from the cleaning process. Three port switching valve 22 selects between the
30 process gas vacuum pump 24 or the recycle pump 26 for process chamber exhaust

management. Valves 27 and 28 are used to isolate the process gas supply system 16



- 10 apen/close valve. It is understood that a single throttle valve could
replace this valve conbination. The two valves 60, 62 work to restrict the
flow of gas into the recycle punp 26 when there is a |arge pressure
difference and provide a "soft start"g Heat exchangers 64, 66 ensure the
gas entering the cleaning chanber 12 is at the desired adsorbent bed
target tenperature, preferably about -30C. Heat exchanger 15 64 is
optional. Pressure transducer 8 nse re ure in the adsorbent
bod 13 SRS YO0 PUrpth Moo BYE o7 Bog ol Kt RE S ads or bent
bed 13 pr@asuhevalid ansducer 68 could al so be placed el sewhere, such as at
the bed inlet 56. Valve 70 adm ts nitrogen (or other inert purge gas such
as argon or heV#lyep0 praferably lﬁaﬂ%@@m%dmw ('f—ﬂm Hpewme)contiel sagestihe bed
regener at t erst ood t hat
val ve 70 (%:agtrh é% gia?ed & aﬁfsng)}[tll 97 "?QIhLCEh as £4u¥e3£15na1 lsttakgh f#ﬁ@ot tle val ve,
an 0p6n/ c;bresed: tvaiismﬁ:er (has elidvas) anﬁmbecatofadqudtheropémlﬁgof a:nve a@iimt abl e needl e
val ve, a small mass flow controller. Valve 72 and mass flow controller
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cont ri@ | edonfphtiBRR! witlPMhe\isél66a hlidRed @k fmﬁ%)oﬂluorhﬁ%ﬁs Edeca. COIY 1 Ol lers 78 and
80 control the feed of source gases 8 82 30 respectively, from sources
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fl ow rat ewith adRgineft gadshsQUrgod, giaodgsn &% heddniv | | be reduced as recycl e gas
76 is returned to the process chanber. Valve 90 isolates the Brocess

chanber 14 fr ohFeEsE trwsewaéswgs PIEpTe SRpulmsophe el sigrPSef the ych as
during depEgi ib&mp 2Br mggswctoﬁaaﬁa%%{lgﬁ?es%ﬁnéﬁ agruééétyﬁnéé/g&wﬁ@ I nsi de
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pump exhaust 20 to the abatement system (not shown), which is assumed to run at
about 1 atmosphere absolute. Valve 46 is shown as a check valve allowing flow to

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

25  maintain a pressure setpoint.

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

30  of two valves restricts the flow of gas into an adsorbent bed 13 in cleaning chamber
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



- mxture feed rate (by controlling controllers 74, 78, 80) or by controlling
both the punp 26 and controllers 74, 78, 80. 10 In the foll ow ng node of
operation, the present invention makes control of the feed gas conposition
and flowrate the primary control objggctive, and accepting 100% of the
avai l abl e recycled gas 76 as a secondary objective. In this node of
operation, pressure in the process chanber is controll ed by neasuring with

pressure transducer u f back, | oo control .the position
bt v acuariPRRIELE st atd the Sacted S Ta m sdeh Soqubicn SRrpghtls M ti oty
starts atadggipflon 8fde.0fhe &ﬂ@f&hﬁ&dd%mpﬁﬁ@ﬁclﬂ@H&)emﬁsfidh@a@diﬁb@%' ate tine,
val ve 52 opens to begin pressurizing the bed 13, in the cleaning chanber

12 at a oibeut bPland is pelietizethassordieg jorthe methodadesstibedihergin, priéSSure transducer
68 is eq o transducer 42 s..gpened ressure in the
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feed gas 20 coApwsdihg enthapeesthtdwdntibs, Talvds!e, @Zweelﬂs)eqhemfwﬁén&& are
controlled bg setting the flowrate on the i ndi vi dual nass fl ow
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becomes e setpoin or t mass flow controllers are
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vacuum t o tle valve 30 fr open far en t he tnan ucer 68 has
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foll owi ng st eplﬂe@@ﬁwangaﬁ 6l esadis\re thélgaswnwﬁ@ah@aamhﬁg clitingtes Up 6s #ontrol is
enabl ed wusing transducer 32, feedback |ogp, and valve 30. A flow of plasma
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Val ve 52 Valve 70 admits nitrogen (or other inert purge gas such as argon or helium)
from a nitrogen source (not shown) during the bed regeneration cycle to provide a
20 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
process chamber 14. In some control approaches, valve 72 is an open/closed valve
25  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.
Mass flow controllers 78 and 80 control the feed of source gases 84, 82
30 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



"1s opened, followed by opening valve 54. After the appropriate pressure is
obtained in the cleaning chanber 12, the pressure transducer 68 is
nonitored. A controlled flow of recycle gas 76 is sent through controller
74 into process chanber 14 followed by; reducing the flow of new fluorine
cont ai ni ng cl eaning gas 82. Transducer 68 is 10 nonitored to be certain
that controller 74 is not over-dramﬁng t he PSA bed production rate.

Controlle s 78 0 and 74 are a (of0) f eed 84, 82 and 76
Fospect | iy Fihe Pieaftnor Soee sios S Foril oS anr eIt &8 ithe pi aomm
source | Sretutrllilﬁlrtostlliwlt)m@ésfs chafibdrs Viang J(eigsla@athel frovésé ShaASRr 13 ioen 8.
controllers 74, 78, 80, valve 72), followed by closing close valves 52 and

54. Val veclgminggashepnt sireaes8, 84iasé 76t seich peduringylepesigen. cB@ﬁtwéﬁt 14 fromthe
CLPan N9, SASILEE XS ey ShO: ARG, INIRAILRLI SN SR YAHS, 62418 Set 1O

sel ect the process vac en opede cuate

process cdigifipétrsigl f@lcamltlhgpmcm&ﬁmbamnreaimgltlﬁtgcleamxhgepmes@ow
conpl ete, the process chanber 14 can now be used for deposition, and the
adsor benteyelsed-ontrof is achieved asing? eféb%fér?onwl%éo Adyerithen 1B VedWBLr rent | y,

on-11i ne, #¢5 al ve 60 is
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t r ansduc emixyak deed3btef(by csmfctllusg anttrollergaMy @8, B0) bsby bartrodljpetedh the admit a
controll ed flg (fte ob Igs? g@s 71 (nitrogen or other inert gas such as
argon or MR %%n eonirollersda. 1$:38h the adsorbent bed 13. Valve 70 is cl osed
and tjge cl eanipgh& hAes é@dé§f&&%ﬁuﬁtﬁﬂ;n&%hﬁﬁvé@mﬁ?ﬂﬂé?c&ﬁﬁﬂBhﬁ@ 25

closed to isolate the adsorbent bed 13 in the cleaning chanber 12. The
f ol | owi ngfepdes @fnp@plélpatand)ﬂowamshqmmamqomrzh@bjmﬁwgfartdra@caltmgllaﬁ%e

recycl e trol &6t the ceontrol. of the feed
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oper at i onpredshe inhOprR6&ss Chanbearis exdiausd by aieamﬁ@ wish pRebsur®transihied
position._ Pressure in the process 30 chanber 14 is control|ed by neasuring

with tr ar?s?dii@elrsnsza feadbagk |1<mj> tg cprigelhg RoSitEA! viaguun Hhrpdle viahie 30 ow 82 of
freshsfl Ulﬂ"é%) QQRE 2dsBlyad: Sédel%nl}nﬁ&llg%&(tslhﬁerﬁ e&d cgﬁ n‘él%ﬂgﬁs' tion is
e er

controll adj usti1ng control I nert gas valve 30 to 13
indirectl qpnﬂnmne)asod the apfecpreds 8mehel gas2 ®}banwtc812egnepmsslmizmg'ﬁhebpi Essure in

t he adsorb bed 13 initiall s .at er (end of bed r.egeneration
condi ti on‘é1 Fal}l%w g? it éon%lioi’lﬁérat?/a QfB%SHEe PESHEGI pressuri zi ng
t he bed @e@hr&r&@ﬂ'&de@“ akqual 8-tralfRRet 416 valve 54 is opened. Pressure in the
adsorbent bed 13 is then determined by pressure drop through valve 46. The feed gas
20  composition and flow rate to the process chamber 14 are controlled by setting the
flow rate on the individual mass flow controllers. These mass flow controller
setpoints will vary with time. For example, controller 74 starts out at zero and
increases as recycle gas 76 becomes available. The setpoints for the other mass flow
controllers are decreased based on the flow of recycle gas 76 and based on keeping
25  vacuum throttle valve 30 from opening too far. When the transducer 68 has increased
above the target adsorption pressure, the recycle gas is available. Recycle gas 76 can
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
30  starts from a fully regenerated, evacuated, and isolated adsorbent bed condition, the
following steps occur. Preferably, the process chamber pressure control is enabled

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



* pressure neasured by transducer 68 is equal to that shown by transducer 42,
valve 54 5 is opened. The pressure in the adsorbent bed 13 continues to

i ncrease. \When the pressure setpoint for PSA adsorption is reached as
shown at transducer 68, valve 72 is ppened and a PID loop is used to
control the setpoint on controller 74 (or to control valve position) to
mai ntai n the PSA pressure setpoint In this way, 100% of the avail able

chanber prPeL b SHETGRET ol Pttt e e FrRm P g SCORPBIIEr G0 o
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along with controller he cl eani hg node. The approp rlategas
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adsor bent essure cont i's enabl ed using pressure transducer
PI D | oop, ofaa@c&mgﬁsﬂéld; gant Mougmcdﬂrehextﬁenammcdsenharb@d 1prfelbeurdebyr eac hes t he

t ar get PS pres ur 100% of the available re as, 76 s sent to the
br ogess. dRIGE MeAou pEme ArulibaanPtoe Saetng N4 ol RRLEFANESS chanber 14
wi Il mausrﬁoﬁllﬂﬁed)foo&ecs:&aﬁqhﬁmhn@m&mug fott Set-QFAAS the PSMb&protildtioheduce t he
flow rate of new fluorine-containing cleanlnéigas feed 82 through

cont r ol | enateg@zongzoHensgi8) &0, and 74 ate adinsied REonirel feed gases $h&2tanddodt | e positi on,
and 25 ChanRer Ay BRAUEA O bBke S ShBRRALIARE IO ER0, A3, LL Y Unt 1] end

of the era 'S then shut

of f as vvetlhbn slsut bfead is oye feied gaise@@lv g@lsSe vBheso0, Soﬁﬁﬂl@fHJM BB, byivel72xi ng
val ves 90, 72 and controllers 74 and 80. Valves 52 and 54 are then

closed. \illgwedby plosingefpse valyeyS? 6“(1 S1 Yalae Bhis theelosed tensplwethers from the
¢l eanisng. gasedt BRKALE 194 Me IORi/)EESeOlsy Skl oAbk Mkl BbiY SuwRaning0 S set

to select the process vacuum punp Valve 28 is then opened to evacuate
process CMVﬁb&lsbdttofhlectghopwssssodaaMpump 2dary ahe Sie themarpehat toany i nt ended

oper el oSSRy BT S ERSEb el Bhab B it ST
sequent i addnyplvbelie bR eI BEMYVEL14 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
to control the flow 82 of fresh fluorine containing cleaning gas. The feed gas

composition is controlled by adjusting controller 78 (inert gas flow) and valve 30 to



~at transducer 68 is close to the pressure at transducer 36. Valve 70 is
then opened to admt a controlled flowrate of flush gas (nitrogen or

ot her inert gas such as argon or helium 71 froma source (not shown) to
reverse flush the adsorbent bed 13. VA ve 70 5 is then closed and chanber
12 is evacuated. Valves 60 and 62 are then closed to isolate the adsorbent
bed 13. Fig. 3 is a graph showi ng the adsorption cycle of the present

i nvention. ;The, .synbol ((A) represemnts e Si.F4 .concentrati,on at .t he outl et
58 of 1 pangikS R ERRlon belre LSRR TR b St ARTEIMETh i aBbrnbll® oul)
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relatively high level until the operating pressure equal to about 600 Torr

at about UrB® ‘atveaPtiReDely hegin pressitigie pembedpidat pgoniplésd reife Whet tei ng
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recycl i ng process, h oncentration at t sorbent” bed outl et 58
dr ops Sappis eperakdl Yhaprashare T thé adsorbadded ha domtimueh & GEreascad¥betiat 1 n t he

adsorbent bed 13, As s in Fig.. 3, as,the 15 pressure in the_adsorbent
bed 13 ispwawcsgevzowtﬁgr%@&d%m@wﬁ Fach asaflowr%éPHareﬁde‘feraéé BV TR

adsor be ”toﬁé‘ﬁéd dril PPHﬂldbbfiPhééd%gbrﬂﬁ)ltﬂﬁé é&ﬂ%@nt%&%oﬂtrbl’l&rﬁ%ﬁtotdBnErBF
relatively high Ilevel noted earlier in the cycle. Typical reaction chanber

cl eani ng ylocpesgon) fd maintd\FEge B A hesssuanspspaint. fin dinks aMaput00¥6 pbthabout 2.5 sIm
and argon_in the range of fro bout .0 to about I The duration of NF3
chanber  chalphgeenfiass Sust@as e sy pReGs Bimordt dSAOEH (o about 300
seconds. MNagdedpiegurcdnit@s loof rédideSthe Ao Bt Righ@dnplldrigoes cdmpaishiee system
98 is provided. A novel nodular, replaceable unit 100 is contenpl ated

conpr i si rAdanginiay praeess shambarddrpressuiicc \sspnioparsiat fompadivlgen f1uori de (HF)
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CF, NaF or I fations thereo 1'S prefer hilled to
capt ure |aout.evales30is gentd thanirget tirattlenajvegrossen. A fiowblielastha such as

Si F4, AsF3,. AsF5, . etc '%gg HE cylinder .102 cqntains the fluorine source

pr ecur sor'gpiigp easiscsihlished apdheplesmassigniied: g BracRY YARDET AR on. The HF
cylinger dfd&ol & AMBERIIRL trhdaler8hefbidck1ddp, 6&d Ho®RBARENer 886 vapFeLf er abl y
cont ai ni n KF2(HF) electrolyte 108. A carbon electrode 110 is placed into

t he el ect¥bisydmsted@longovighepniroder Feetor therdeansngroogs: BhemppyopIRE gas appl i ed
L L
gener at edar@o4t dre opdirtiiBequentibilys dide 77 hethbry dfedigé And tha\adsorbéi bed
pressure control is enabled using pressure transducer 68, PID loop, and controller 74.
20 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,
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
25  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.
Valves 52 and 54 are then closed. Valve 30 is then closed to isolate the process
chamber 14 from the cleaning gas recycle system. The three port switching valve 22
30  is set to select the process vacuum pump 24. Valve 28 is then opened to evacuate

process chamber 14. The process chamber 14 can now be used for any intended

operation, such as, for example, deposition. At this time the regeneration of adsorbent



+15 'systemthrough pathway 114, and is diluted, preferably with nitrogen in
a pressure control and dilution tank 116. The fluorine produced contains
HF, KF and other inpurities, and is directed to the bed 104 in the

repl aceabl e nodul e 100. The HF and otider inpurities are adsorbed by the
adsor bent bed 104. The purified fluorine is then 5 directed fromthe bed
104 to a quorine surge tank 118 until the fluorine is ready to be

directed t cess of  Fi he qu rlne Q a own in
SRR Bet AR T L B S s A T L
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process additio fhe purified fluorine system 98 can preferably
eI|nlnatem@ﬁ@tggéfﬁﬂmnNE§i:%5 Figs. 4 and 5 further show the nodul ar aspect

of the HF cylip e_'§ 1s@§ra€l’?§1&%@g o tHeNRARBliord Oble S11B¥Bredsntantibn. 19 bei ng

renovabl e from urified fluorine source system98. Fig. 5 depicts the
purified symhol (mesmpqntythsﬁsﬁmmtmmatctbnoetrlett Siaif ithet ddgorbgntehred- al one

recycl e-b se ort ste 10, of Fig..2. Preferab the bed is
Ll ed taRiihst 122 Bh AR et R S GTR s Ol bt o SERPEReldlS 27Hs
from tohe dtthositRe SO AGoMe 6lbiwrdly hikheeveDditilehdByerehg medsutiqeal by renoved
when the HF in the HF source is depleted. The HF source may then be
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150C S ggg F nts from
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75 | bs. 2iheSiFanacentatien atttle addoststinrbet outteh 68 titape mpprecigblye atid Siff, BySst em as
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and |l eaving the fluorine generator woul d be purified fluorine at from

about 0 p@e gdmbqbbqi lsoreésqtaj)ly Bezinntogmee pgaat mcrease wribe dilatively highe
sem Condul%va o(t\’ed S B cyc &S Ttygfé'aﬂ%a& %Hamber 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
20 range of from about 50 to about 300 seconds.
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 aﬁd an adsorbent
bed 104. Preferably the bed 104 comprises CFy, NaF or combinations thereof. The
25  bed 104 is preferably chilled to capture low levels of contaminants that may arise
from the HF, such as SiF4, AsF3;, AsFs, etc. The HF cylinder 102 contains the fluorine
source precursor that is required for the purified fluorine gas production. The HF
cylinder 102 is connected to an electrolytic cell chamber 106, preferably containing
KF-2(HF) electrolyte 108. A carbon electrode 110 is placed into the electrolyte 108,
30  and a current from a power supply 109 is applied across the electrode (anode) 110 and

the outside of the cell chamber 106. Fluorine is then generated on the anode surface

110 and hydrogen is generated on the chamber walls 112. The hydrogen leaves the



“in the process chanber operates for about 1.5 mnutes, with a three mnute
deposition tine. During this entire 4.5 mnute cycle tine, the fluorine is
al lowed to accunulate 16 in the fluorine surge tank. The pressure in the
surge tank will be relieved until thejsfluorine contents are consunmed and
the system begins to consune fluorine being produced by the fluorine
generator. The nodule shown in Figs 4 and 5 is a safety-rated gas cabi net
rated for 5.and, f| or| 4 an t that the nodule will be
approprlaigrglwgﬁgpﬁﬁ 3@yt§4 et gg@it %H%ﬂgwab&ﬂﬁ§688bggﬁm%ﬁg contents
of the Hredhyiol Agtedilutioh ltardkel 1@Dmmm1@ﬂn@yrodacm&lwklmarand wibech will alert
the operator to low HF levels. When the HF is depleted, the entire nodul e

may be reifppEgensad seditecirddR th%quﬁ&wéﬁ@dﬁplﬁ@ﬁabmod%g%emﬁHBﬁnénd HF
refilling [ reshly
regenerat%tgé 3}31-198 %Fg?aﬁﬂl)egiwlyh W%ﬁtn%fgp%fe re lgf:f% ﬂﬁ%ﬁ ﬁ?rLorl ne

poi nt -5 ofdlra&adsfycshﬂmbeﬁclcc)@rtdam‘@lotme surge mmese&mumnelﬁltmnm 1str€alyno‘bel process
of separa rifyin nd_.re ulating fluoripe to t he anmount
of NF3 roliE toulé“qﬂ pe58 of P2 @éﬁ& Wﬁmeéwg%éf 2 R rﬂfﬁsrgcie in a

cl osed SYQPrﬁﬁbuﬁﬁed"ﬁ’tﬂﬁ RO SRt doRqrbyl thEsel skﬂI%H ih tH@%iéi’d’@f g%%&rﬁfécﬂ?re use of

the novel CF,, of the present invention as the material in the
adsor bent argguirifithigompasdfearg asdm@irlty -tyée asrre(ppms entlhe mdspebﬂnt bed gl albade, such
t hat "x" f rom about Ei0({19 to about

"5 ana B autoe B AR bt SEtneHuokine nRdhisih 3B e irsu b

res pelQI tn%t%@ﬁer@t%%%’&l théWWRR! ddiverstd18ghdlcBh@ntr8GorE fludileldefiGered ®
manuf actured from commercially available CF powder 20 (Advanced Research

Chenmi cal sthecharabrsd 4. Gkys wilbiugtheryedudei thahigh cogsred remete @lased chamber bent

mat eri al r } i I of 90% CF,
and 1:)% pél {/"ﬁ # ﬂ%?g t}%htgjfaggées Q%%he%ﬁso&%ﬁ?%@%ﬁao EQ%?B%ng’m ext ruded
pel l ets. Bpeiddditiops @k eurified flasrnd Biem®s darpréfombGRiimihatehie peasgent

invention are shown in the exanples below The invention is further
i |l ustrat¥h by the follow ng 25 exanpl es which. Unl ess otherw se indicated,

partsys percent gges: ad fidthkOshod e nﬂfdﬁ%gélﬁ@t mh@H\P’E‘dyﬂnéerrl@b'aﬁd bo§ MBsSs
basis. The fluorine-conpatible recycle pugg used ﬂ;;oocess of the

present ¢hamdar 1@h shewnas 4 keit @ beipg rapeoviabledram thermlrlfl@fh rideistusee i ndustry.
Most 1 Cmgsystem 98. Fig. 5 depicts the purified fluorine supply system used in concert with the

stand-alone recycle-based cleaning support system 10 of Fig. 2.
Preferably, the bed is chilled to about —30°C to effectively remove

20  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.
The HF capacity preferably ranges from about 10 lbs to about 75 lbs.

25 In one preferred embodiment, the fluorine generation system as shown in Fig.
4 sized and designed in accordance with overall reactor dimensions. Fluorine
production rates of 70 grams per hour are made possible with a 100 amp electrolytic
cell. The product fluorine produced and leaving the fluorine generator would be
purified fluorine at from about 0 psig to about 30 psig.

30 In one preferred embodiment, the semiconductor cleaning process taking place
in the process chamber operates for about 1.5 minutes, with a three minute deposition

time. During this entire 4.5 minute cycle time, the fluorine is allowed to accumulate



© vacuum punps are made of cast iron, which is thought to give the best
thermal 30 stability, noise attenuation, strength and materials capability.
Alumnumis inferior in these respects, but is used in vacuum punp
applications where |low weight is inpmtant and the conmensurate problens
can be discounted. Typically such 17 applications involve only punping air
or inert gases. However, for applications i nvol ving high | evel s of

fluorine in gas stream num has adv a S reactive
Lo Tl s ndnd Al tRSuild G TR ST RS A5 Ak 30 e (ARLESuniERE 1 S201 L
slowy w ﬁllibrfdelt@hleﬂt% afr@ccd@ﬁmwbxwtht@ymxarbeghslm fonduht flRbtiaebgassi vat i on
| ayer, which 5 prevents or mnimzes further reaction with the fluorine.

This is ikroducedmy thoyfuoringigeneratarypi cal , known fluorine applications whereby
| | i hi gh
a stainless stpgl g?@?gﬁ&ﬁmmgp 4M0Y Sgns a%%‘lfgac d %ﬂe%Eblﬁet rﬁ{ e MgEY hig

| evel of inherent I on and ‘a neée roug t he
di aphrsagnand fiudrine, gndessrbnempldtabthaothe niddelerveilleei appfqpnlate@hvéritndmed @t es

| ude th f { | t eel . .40 A di t
D1 of o r GcER OB BSATSY o RENESOUEB T SR GIne ERGYBEARS 6D P aeredfum num
| mpr egnat £eh e b s A, WHdH @fli Aok ol dpétfsiao (&Y 'Eﬁ-") leve'ﬁE'e\AJ%EE%J Qrge a

relatively low friction surface to resist galling. In a fluorine
applicati dﬂplettdaehd:!:ﬂﬁEe modale inmry, bewkinoked andr sesi backine t}teO/efler(fprh@i provi des a

protectlvel um num need to slowy
Paasi vat e spRAd e R B SRpo bt B e AFpRE el T Yo ne
appl i @at i Reshly teBenddsed Béd @ndSefiDEEHE RefihddR WoTBe teplReY Atha gRBtiSe pdinsi Ngl e
shaft punp produces no gear-rel ated noise. Further, the single shaft

desi gn prefv¥sgesstem| ow | evel of wel | -control | ed vi br ation, which makes it

suitanie for R0:hank RUH0 infURiGHH: 40 ordch BB EHIIT0ANAR, oY

direct contact rotar seal s OI’ eXI n

fluorine aml rbhecuﬂmmg fluBkihe &e&ldacetthabmaﬁntfdmm3lrmtdnoraqnnédurna fehcroon ne are
static an nce reliable and qre ictable. In addjtion, for fluorine
appl i cat i m helefning BroCesSpRALIOfeA Y Hiempls apads possible forghe fixst tima dMigst em i s

advanltsagetgqﬁe us-QUfftﬁ@ﬁ@J&P@FOEfQ@%Fés&ﬁ%m‘xéﬁu%ﬂﬁs MR M A% @Mher esul ts in the
separation of |ubricants fromt fluorine stream This results in no

adver se rahetbeorbedi Thherefemgd Chibef thapteseutiihventien 9 mage seh thad “Xoist ami nat i on
o e 2B AR ETEISIA Bo B B2 SR, o
requi r enent’ss about e 5t IMéqser @M optimally with respect to the present invention, the
preferred CF; pellets are manufactured from commercially available CF, powder
20  (Advanced Research Chemicals, Catoosa, OK). More specifically, one preferred
adsorbent material for use in the present invention comprises a composite of 90% CFy
and 10% polytetrafluoroethylene (PTFE) in the form of 3mm x 10 mm extruded
pellets. Specific preferred formulations for the CFx of the present invention are
shown in the examples below. The invention is further illustrated by the following
25  examples which. Unless otherwise indicated, parts, percentages and ratios are
presented on a weight ratio, or mass basis.
The fluorine-compatible recycle pump used in the process of the present
invention is unlike most pumps used in the semiconductor industry. Most rough
vacuum pumps are made of cast iron, which is thought to give the best thermal
30  stability, noise attenuation, strength and materials capability. Aluminum is inferior in
these respects, but is used in vacuum pump applications where low weight is

important and the commensurate problems can be discounted. Typically such



* contam nated punp parts. According to the present invention, the preferred
punp apparatus is a vacuum punp having punpi ng speeds of from about 20n8/h
to about 100 nB/h and capabl e of 30 achieving pressures of from about 0.01
nbar to about 1000 nmbar. Known dry vaguum punp technol ogi es use an inert
gas delta P and close tolerances to limt gas flowto the drive casing.
These designs rely on cl ose geonetric clearances to control 18 the
pressure drgg acr oss ann?lar cl earances arougg t he %haft. %?d, conbi ned
with a prEUSHIES FEGHICALRITRYE &S O S 08 Y GRErOpRASEI® ot i nert gas
than t hatinedlvingenig levels of Aok iANEY &fs strBamf dl6Rinust REesivaltagdiebdmgp with a
mnimmflowrate of inert gas. According to a preferred enbodi ment of the

process ofsstraectiye é&Buerinerthameasbiyon.t hi addiios, sluprheurs adeantaggeusdy rggetévent i ng
fluorine m i i Ve CAas| m.ni Nl zj t he
dilution %é&¥ﬂgﬂig@§é éa%%ﬁﬁ%pfﬁgMggél§#¥@5H$§$§@§%§%%n¥%léggfwgg]according
to a prefmevents @mbigtthizenfurkr tehatiqureiiethe fluorvieNnThigls invdi®ng bb@drsasses

t hrough t he process chanber 14 the gases are converted into fluorine

radi cal s, YPIctlokPGT8Y JaQringpPHFationg eheray amaipessiee! diapbragm MR owld pei ng 10
1: 3. Thergfarg inea MR igh 'f&l%ﬂ&fr iﬂﬁér@@ Whrafién %ﬁq d §é’/é’g t@%@ﬁmﬁaﬁagk S
concentration can decredse as the gas becones diluted with the fequired

ar gon/ ni tthoggh tipudigehrggs e $n the pectehtaapptiteioputinp ireigti vedy highdlowr mss s .

Therefore, accordin o.a further .enbodi nent of the present invention,
accor di ndjrf"gu e _ug‘;gOttc%ﬂﬁlgI?P§ %f??thagnbﬂ?rf‘f"i ed F2 can operate

contijpuously agcddrdiig &a prr¥errddprbdiss oMBY pres&ift iMdenGBAGRE biap cOMpASsY
decreases in the 15 recycle systemif the NF3 feed is used. As stated

above, t rdumswnoimprogratederith pelpteiraBugreethylepe B Dal Theot T fasmg ar easons (t he
maxi num v that..can b | aced i nsuc ressed _cylin is 400
by " The oS8y 10RO DR B8 e Ta o SRERREFPTRich, EP LR

i nvent i orcoating)saficH isassigarho Syt eproaides y pritdctivalldyet toatle giadihbrhi es of
fluorine _aon demand with onl% a reasonabl e, standard HF cylinder supplying

the fl uorTiHeminignzes the eeedria slowhrhessiypisdhs ignalishefagss o die PUni wHbi on as

shownsi n frifge. 4 and Mot Q¥pifdAfons tHQIst BEa Qiﬂﬁfé%ﬂ&ftﬁh&%sto be as high as
100% if desired, as the gas Is passed throug the recycle punp 26. The

f1uorine alyadtegrouat Acmgeashafiepuant produceasiogesi-reded nasn. F00Bér, hesogine down
o 20y e R SRR TSN LR R R 00, S, BN Ao
depi ct ed foRon-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
20  function to contain fluorine are static and hence reliable and predictable.
In addition, for fluorine application, the use of a pump with no bearings in the
vacuum system is advantageous. The absence of bearings in the vacuum system
results in the separation of lubricants from the fluorine stream. This results in no
adverse reaction of the pump lubricant with the fluorine, no contamination of the
25  process chamber from the pump lubricant, no contamination of the recycled fluorine
gas stream from the pump lubricant and no maintenance requirements of the fluorine-
contaminated pump parts.
According to the present invention, the preferred pump apparatus is a vacuum
pump having pumping speeds of from about 20m’/h to about 100 m*/h and capable of
30 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



25 Figs. 4 and 5, using the purified fluorine generation system 98 creates
a wde range of flow conditions that will enter the process chanber 14,

i ncluding conditions that would not be possible using NF3 al one. The fl ow
rate of F2 entering the system prefergbly ranges fromabout | L/mn to
about 6 L/mn. 30 19 EXAWPLE | CF,, Adsorbent Formation with Pore

Formati on One preferred CF,, corrponent used to make the adsor bent bed
pellets o the resent inve n_is comre Sb ai | bI e bof | uor T™M
P, ot adbe DORwIE Bt SVB TEIEeT SR et Ak CUTRA WEh ranuf act ur ed
as a powdgksshie AevanGEe VRS 8afisl a%%lﬁ@r%éssﬁxﬁ%@meﬁaéa@%thQ@ftherl'ﬁ/ePTFE

conponent was Dyneonﬁgrade TFTM 2071, and is al so manufactured as a
powder . TIseinREAEOr the aiétams Otfcﬁleamm}aylth apindrenm ffogy rafehef ipert pest s. I n

addi tion, 4l SchPg (?agrle d em%o%d'r*ler%'f gceg: tlt%eﬁqeser%qIWe%?Xh t 1s§1{aneap0| I's,

M\) was A& e gre extrusion renove

extrusi orthbudmﬂn@hge@fbﬁw&nmfg @i fronh Entednd ko teéguniphhivetdasingdald ti on of the
i sopropanol . aids in _pore formation. |sopropanol was preferably added in
amount s oRiGRIZig ti‘e@&u“‘érb%fﬂﬁ&fyﬁléiiélﬁfmw gasHEedher conponents. The pellets

wer e extruded lf\%:p aelaﬁ; ess using an
Amandus Kabhl iX_%E G‘?g‘“ : f%@r§ﬁgkomP ?%révm O%rgéﬁifol? s&\%\%g{ratlo Tabl e
| bel ow sihomloonwhd:BNFepmsmhdmghdmmosess chmnlﬁemrmtt]htegqsed dretconaditetthe present
i nvention. sition of Adsorbent Pellets 0 t. Conponent
ol 6 Quani J0rse radi aRiesing B S TSEenERS dathbs FR XAG9P BeREnB0g. 2065
PTFE, 10Dy np@”TEErefor@&@mﬁhfﬁ@ﬁf cdnPentitiBh @PRNRI 7560 - SwedFlthis @hndeRir&idnor mer 64
m 3MFC84 (1.74 g/m) 20 ARC CarbofluorTM Grade 2065 is preferred, but

any hi ghl sanfdecrseserrattedigasmxcomeidithtechedh g reqiired dsgorgnitrogén purgeigasss| ong as x
I's approx| sngtfor te %‘ur%gingr}gcy%ﬂeprocess. Therefore, according to a further embodiment
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
15  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
present invention is useful as such system can supply unlimited quantities of fluorine
on demand with only a reasonable, standard HF cylinder supplying the fluorine gas
20 precursor. The process of the present invention as shown in Figs. 4 and 5 allow the
fluorine concentration to be as high as 100%, if desired, as the gas is passed through
the recycle pump 26. The fluorine concentration can be altered as desired from 100%
fluorine down to any desired fluorine concentration by providing the argon/nitrogen
gases supplied to the recycle pump 26. Therefore, the present invention as depicted in
25  Figs. 4 and S, using the purified fluorine generation system 98 creates a wide range of
flow conditions that will enter the process chamber 14, including conditions that
would not be possible using NF; alone. The flow rate of F, entering the system

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

30



* conmpound has a significant adsorption capacity (for exanple, a neasured N2
BET surface area of 340 n2/g). Table 2 lists the desired properties found
in ARC 2065. 20 Table 2 ARC CarbofluorT™M Grade 2065 Properties Col or
White Carbon Source Carbon Bl ack Tofql Fluoride 64-65% XinCF. -1.15
Free oxid. Powder (iodionetric nethod) <0.2% Median Particle Size <1 m
True Density 2.5 g/m Bulk Density 0.1 g/m Surface Area (N2 BET) 340 m/
Deconposi ti on Tenp 500C Ther nal g@g‘&w tE1y (at STP) - 0.4 J/ msec-K Heat
Capacity (at STP) -. 0.8 J/ -K* *Ba L1 lerature val ue, varies

consi der abF yA &€ Rorm?iide VAP &e Pormaidadyneon TFTM 2071 PTFE is the
preferre I nder because of 1ts properties as set forth in Table 3 bel ow
It is understod@!lqmaferradQFn@@mpméé@ﬁltﬂ %@ﬁ@ﬁ@ﬁbﬁnﬂgﬁdﬁeﬂﬂﬁaﬁhepropert i es

0,2, 4 g R EE A ) e s B 20

g/ M 5Surf fsca@pﬁﬂkﬁﬁatéll‘yﬂ Eﬂﬁ'ﬁs)hlch 3 Mughactdyed &4 mgoﬁdbrrbty N'(Bﬂﬁced-R&B&& Ther mal

Conductivity (at STP) 0.35 J/msec-K Heat Capacjty (at STP),s 1.4 J/ -K
EXAMPLE Lhémical (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 ¢ (3M Company,
Minneapolis, MN) was added to the mixture before extrusion, and was removed after

10 extrusion by adding heat or vacuum. It is believed that the addition of the isopropanol
aids in pore formation. Isopropanol was preferably added in amounts of 64 mi/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

15 recommended composition for the pellets of the present invention.

Table 1
Composition of Adsorbent Pellets
Component Component Role Quantity
CF,, ARC Carbofluor™, Grade active adsorbent 90g
2065
PTFE, Dyneon TF"" 2071 Binder 10g
2-propanol (0.79 g/ml) or Pore former 64 ml
3M FC-84 (1.74 g/ml)
20 ARC CarbofluorTM Grade 2065 is preferred, but any highly fluorinated CFy

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.



" CF, 'Adsorbent Pellet Formation Wthout Pores 15 Another preferred adsorbent
bed pellet was made using the CF,, and PTFE conponents set forth in
Exanple 1. However, this other preferred adsorbent formed into pellets

usi ng the equi pnment and protocol as sgt forth in Exanple 1, did not

i ncorporate the isopropanol and did not require pore formation. The CF,,
used to mnake the adsorbent bed pellets of the present invention was
comercially avail abl e 20 Car bof | uorTMa%E, grade 2065, (wherein x is
approximately 1.15) which is manufactur dzas a powder by Advanced Research
Chem cal ARBCarbaflum®®aGradkpo62Rropdities PTFE conponent was Dyneon grade TFTM

2071, and is also manufactured as a powder. The PTEE is believed to act as
a bi nder| Y% t he pellets. The pellets ve¥hdte_oxt ruded with an Amandus Kahl L
175 | abor i RP9ouse] | ot press—using—an ArSARIEBe¥anl 3 nm die with a 91
. - “".’a‘r"lil()_{ Cvmv, r ot oA Tahl o 1 ﬂhr:gﬂ-\éio/&n\nn ong L rarAmanAA~A
(G:, t . P T At1T U, TAUT T T A \Ii 1gll\J\l\hD UTTC J IIAYAAYARLLAARA ARV |
conposi toh pel-et f—th Fesertavent i-on-—Dyneon— TR —2071
PTFE i s gcatse édizé" pt-opetrttes—as—set—forth—in
i i 1.um . .
Tabl e 3 —gpoyes t—t+sunderstootd—that hder possessing—substant+ald
friie Den > I 2

H - | € e§lty 1ol lo Io + + + ,2 Iym + |~ ™. TECTANM - DO9ON71 | ==Y rt
similar }Jéulﬂ‘..)ﬁéngib,CD coturo—DeSUDSTHT UG T gt e Dyneon T zU7 apurity
br eakt hr“o‘%;‘fhvele‘?at(NLB,’ETt)”_ pettets manufagtyy o, wthout—a pore-formng 10
agent shqy\g ndo@WbrClchgCTT VE TTPUTTTY Capaggeky and St ow impurity uptake]
| mpur i t Y TR P IRt EEBTS W TIT peft L A gcturedw tir = pore=fofm ng
agent ( XA aBacky (at $p) AUl g T SOPT Opangi ¥, (#2008 to the mx befor e

capacity an ate own“rh € 47 15 Table 4

Ef fects of Using Pore Former During CFX/ PTFE Extrusion CF,, Conposition 90%
ARC2065 90% ARC2065 90% ARC2065 90% ARC2065 PTFE Conposition 10% DTF2071
10% DPF2021nepndhFDTRO DO EFE gothepreseasxsl bipdsr deryseret itnoRBetiesss EYEQIH4) CO3 50%

|6§§ 50% | 1EAF aEﬁszt be-[&m) Itcfs hf]r(:];ertbc]'cigﬁlaf fl‘gl(?ldéljgbgsesliﬁﬁtsu@ia%%iﬁﬂ{f ﬁnhl%? 584 515 515

pel | et X ) S (JILIE TRIOVAC: YRR WU, Lo R oo eotTve Trpuri ty

properties could be substituted for the Dyneon TF™ 2071.

Table 3
10  Dyneon TF™ 2071 PTFE
Median Particle Size 500 pm
True Density 2.16 g/ml
Bulk Density 0.51 g/ml
Surface Area (N2 BET) ~0m¥g
Melting Point Temp. ~330°C
Thermal Conductivity (at STP) ~0.35 J/m-sec-K
Heat Capacity (at STP) ~141J/g-K
EXAMPLE 2

CF Adsorbent Pellet Formation Without Pores

15 Another preferred adsorbent bed pellet was made using the CF, and PTFE
components set forth in Example 1. However, this other preferred adsorbent formed
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 CFy used to
make the adsorbent bed pellets of the present invention was commercially available

20  Carbofluor™ CF,, grade 2065, (wherein x is approximately 1.15) which is
manufactured as a powder by Advanced Research Chemical (ARC, Catoosa, OK).



" Test Superficial 0.79 0.27 0.27 0.91 Vel. cm's Cbserved CF4 0.025 0.075
0.073 0.065 capacity g(CF4)/g(bed)/ kPaCF4 COCbserved CF4 74 26 5.7 7.7
Equal i zation Tine, sec Based on these results isopropanol (I1PA), or
2-propanol is the nost preferred 20 pore-formng agent. In addition, the
use of other organic conpounds, including perfluorocarbon-containing
conpounds are contenpl ated, such as, for exanple FC-84 (predom nantly
C7F16), F&- 7 redom nant | x CoF14 M/ predom_nant | F18 FC3283
Cor edom nili Y EemaRRenEitly dyirlidoe T G PROS TG Pl bt
conpoundspaavder.a¥hé PABE és dliened foencBM Ooinpetyr the Meneteaphe pdletdidre 22
According to thetBresent invention, and as shown in the exanp]es, pellet

manuf act UNIHEed Withen dvaendup KRkl 4 ds iabeeatary pelietgress psing e Lepanduav ent i on
conpri ses : ' . SPTIHE i RO iLAQ, re formng
and dr yi s T3 miilic %, FLCROPTIT e PAR) Teble TEbONNIB REL® LLE and
por e- fSor niecgmmenqgedrrentpesitioe fér the geltbts of thépredes iimedtipn. oPgndondits™ and bl ended

i nt ially h i xture., This.m xt ' ,preferabl
ext rudedl 111 U & o ARG RSt BEPTaf! [5GFRFLSE o BEPFRIRIRRE (hen ar ! ed

at 120C Widohe an i@t imRePOSES thét 4 biaderPosLbindutsRihtialBeMBi Rl plaptttiss coll§ Ppor e
former is thus renoved fromthe mxture's matrix,” | eaving the desired

por es. Thee subbtitated forrtbe Dyoporpt ET'0dbl y tunbl ed in a vessel to renove rough

10 edges. The pell.et be rinsed and further, drie ith a solvent such
2 FCooa (au b EstRbe Bpig 0 B MR Y ol Bt BRNEET, SUhe
pel | efos  adg@nao el fdvedfft@ive 1RBGrityrtapadiyla@drlod inipuiey upakelNkkgguridy nospheri ¢
pressure. As stated above, known cyclical adsorption processes typically
can be caregiglroughytesissyidypallgts r@%ﬂﬂrmlere%@@ramqr@;ﬁorﬁé@gag@b(ﬁwl%ﬁe bed is
under goi Rt I t : s rakhlaon.
Accordin394%ﬂﬁﬁéggkgﬁg¥¢géégﬁégggﬁgﬁgg%¥P§ﬂg% rgégﬁgﬁFﬁ@gﬁgﬁéﬂﬁbgﬂly one
adsor pt i oy lxadng)sintpeepeidnieeffeldiivs impuritg copgelty ahé eatdyf impurity uptake, as

shown in Table 4.

15
Table 4
Effects of Using Pore Former During CFy/PTFE Extrusion
CF, Composition 90% ARC2065 90% ARC2065 90% ARC2065 90% ARC2065
PTFE Composition | 10% DTF2071 10% DTF2071 10% DTF 2071 10% DTF2065
Pore Former None (0%) 2% (NH4)CO3 50% IPA 50% IPA
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(CFy)/g(bed)/kPaCF,
Observed CF4 74 26 5.7 7.7
Equalization Time,
SeC

Based on these results isopropanol (IPA), or 2-propanol is the most preferred
20  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 C¢F4), FC-77 (predominantly CgF3),
FC3283 (predominantly CgF5), and mixtures thereof. The aforementioned FC

compounds are available from the 3M Company, (Minneapolis, MN).



*alternating the chanber cleaning step (during which active adsorption
occurs) with one or nore deposition steps (where adsorptive bed desorption
and bed regeneration occurs). In this way, the bed is regenerated during a
cycl e when the deposition 20 chanber 25 not being cleaned. Put another way,
t he process chanber cl eaning phases and adsorption bed regeneration cycles
are perforned out of phase. This preferred single bed arrangenent is nore

coonem cal 1 o 88l bl Re Y RER e E RS Mo B Ar Ry onel

adsor bent mpgdadtsrindtodt RB6d inviBe 3&@@5@5@& bOfe phasd invenbas dmpliewshd r om t he
reaction chanber were directed through the recycle punp into the adsorbent

bed and niglowingptersempang/plsgdiagpinitusions pare fornpme and\grying: smepthipgand HF. \When

t he oper U.€ rgﬁ@% haust fl ows
fronttheq%ﬁggmg ﬁaﬁ&gngﬁliggfﬁgég“ |rezgﬂg)h 4?@???&&?%#@%3%% chanber

M nus 5t hoaied ipthei debies], praporabndundeblatizarimed sibstentiaBly hémokknjouwen t he CF330.
adsor bent.  The r nalnlng a tive ggies ar avallable to participate in

further CREWWEr [ 5II€’éFHfﬁg9 eherefaprdy FRirided toyglea sh &0 foFRi s recycl i ng
process C;SH‘lfe{s“‘ﬂt%% Eﬁ‘éts tcnl%theﬂjélH&ltdtQQO‘f(’f wtd?%nra{ ﬁén&ﬁ‘@xﬂ'%?ﬁrﬁ% ffpi ng step. A
significantly red uce anount of fresh NF3 eaning gas ‘i s thus required

to cl ean seheraph@resshe Ibmre [ﬁmrome&thuhamwcd fr@hemnmlﬂturet heavonddaysigon of the
chanber - cl egni.ng step rln the %ﬁ%ﬁ hw@ﬁn steg t he adsorbent bed is
r egener at ‘88 SSSHYRPOIS: ¢ e?& S?"ﬁ ben SRR Phint 2 Vs I ERYedovsthg t he
process chpadeThCHERE My B ﬁ]ﬁ)searaﬁd dedarRr BAsH WithdisoRehi fugh as Feoy @M1 nert
purge gas in a direction "reverse" to that of the exhaust flows during the

charber - Mirnsapalyy, ¥iNgo remexsdust #nel nesidyest d'ipaliypthepellets e pavsivated tow rat e of
the inert, u‘gglg?) $am0 m%cutnggr %tgloggq}r%gcgtegsﬁfiw scous flow regine in the

adsorbent era y prior the deposition step, the

flow of inert Amusgedgbsvd, knéivs cpotichindeskpaosl ptdeessttypitally batbdedried
evacuated. Table 5 shows typical operating conditions (pressure,_.
t enper at UYW USETYP PHAPre tct:»ﬁprptﬂﬁé bedhn s d1at ePcbgd in gndsraping AgOsPUPNGI and t he

deposjst i 0fofefBed décQs rx’%‘iﬁératmﬂ_ aRL&r@ind %o INPhERlrePRATBEINMG: GPAd! tions for
Adsorb and Desorb M Qperation Qperating Pressure (torr)

QOper at i ngpr¥gempinventiouy anhyomp aégorptlon bed is required. This is accomplished by

alternating the chamber cleaning step (during which active adsorption occurs) with
one or more deposition steps (where adsorptive bed desorption and bed regeneration
occurs). In this way, the bed is regenerated during a cycle when the deposition

20  chamber is not being cleaned. Put another way, the process chamber cleaning phases
and adsorption bed regeneration cycles are performed out of phase. This preferred
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

25  adsorption phase. Exhaust flows from the reaction chamber were directed through the
recycle pump into the adsorbent bed and may comprise varying amounts of F, NF3,
N,, Ar, SiF4 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. SiF4, HF) on the CFy

30 . adsorbent. The remaining active gases are available to participate in further chamber
cleaning reactions in the process chamber. This recycling process continues for the

duration of the process chamber-cleaning step. A significantly reduced amount of



" Adsorb 500 to 1200 -40 to -10 50 to 300 Desorb O to 50 -40 to-] 0 50 to
900 Many nodifications and other enbodinents of the invention wll cone to
mnd to one skilled in the art to which this invention pertains having the
benefit of the teachings presented i23 the foregoing descriptions and the
associ ated drawi ngs. 20 Therefore, it is to be understood that the
invention is not to be Iimted to t he specific enbodi rrents di scl osed and
t hat m)dlffr E%I} 1S and ot ht% (1t fre i.nt be, i ncl uded

wi thin t HESOUE! PR Bppeh E?@H“e -t a“ PIRST %rgﬁesfsu‘%a‘{‘%rrrrs are
errpl oyed dxemei n, they are used in a generl c and descrl ptive sense only and
not for purposes of |limtation. 24 CLAIMS 1. A nethaod for recycling
f1uorine from4t thaserclusioneefihe elaﬂﬁhqrffiqagmgﬁaep@éﬁslrlag thegleppstjomistery a
process r [ ont am nant s
hor od THE o el B e A M3 S Bl R e P o &
fl ow g ghsmgmha“pmcess nhmnbdrlelqanmges@ atdesoebed byaliteatid afotvtud imont am nant s

with the fluorine-containjn nd r enovi the.co ants fromthe
or ocess GHSHBERS I ARGFCU TEvEst do Breal Be iRt B e aet ng the
wast e st rcﬂ’@iﬁlrfg[}s@é’ﬁ thifigRRCRESc1E PARBES whlte ATRH bV iGRIITAR infh BIRL gas SaI d
purification chanber conprising an adsorption bed containing an  adsorbent
that is neseledebiongentratern Yiseasifloey, reginainshe msndaeobbﬁdarﬁrﬁ@m%y,imortme wast e
streamon,t he or.bent th tion cha verting the waste
st eam | Arbo5 FERS BRER e Ruter s (B b ph B (T BTSRRI R ecyc! eq
f 1 uoriipne Rleshbe€b&d seamaatedm t he purification chanber to the process

chanber as a sup Ierrent al fluorine source stream 20 2. The net hod
according to d ) ShoWsHEPisRIPDEFRing sARGHP RIS S W HBIPEature iquration) cont ai ni ng

compoundsg,, e chamber-cleaning step (adsorb mode) and the deposition step (desorb mode).

Table 5
15  Typical Operating Conditions for Adsorb and Desorb Modes
Mode of Operation Operating Pressure (torr) Operating Temp. °C Duration, (s)
Adsorb 500 to 1200 -40to-10 50 to 300
Desorb 0to 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
teachings presented in the foregoing descriptions and the associated drawings.

20  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

purposes of limitation.



* 3. The nethod according to G aim1, wherein the contam nants conprise

SiF4. 4. The nethod according to Caiml1, wherein the fluorine-containing
25 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 5.
The met hod according to Claim1, whereigy the fluorine-containing source
gas is evacuated fromthe process chanber under negative pressure. 6. The
nmet hod according to Claimb5 wherein the negative pressure is 30 achi eved
fromat | east one vacuum punp havi ng Ru igg speeds of from about 20nB8/h 25
to about 100 nB/ h and capabl e of achf@#&ﬁﬂ pressures of from about 0.01
nmbar to about 1000 nmbar. 7. The nethod according to Caiml1, wherein the

adsorbent bed in the purification chanber is maintained at a tenperature
of from about -150C BonetBedifor recysbee flgorinmfEomswasts Hre@dr ding to Claim 1,

wherein th i e purification chanber is maintained at a
pressure 0?“??%%@%@§5F5§8§ torr to about 2000 torr. 9. The nethod
accordifng to C ai m 1lprovidihda processphasiberchaving sitieps sofface] Baid egmerhatingg t he
adsor pti on bed by direct'qg a flow of adsorption bed regenerating gas from
a regener affMgyRLs 28bsTEL RIS t he absorption bed; cleansing the adsorption

bed of contam nants E&Qkﬂﬁ%QQ&&BgoFﬁﬁxhﬁgﬁhéﬂhHég&ﬁﬁ&ﬁ%ﬁkﬁﬂﬁgEéﬂﬁﬂﬁkating
gas; and directing the contam nant-containing regenerating gas fromthe 15

puri ficati oo Bleapmiksss chismbeThe nmet hod according to Caim9, wherein the
contam nant is a silicqQn-. containing co d, 11. The.nethod according to
Gai m 10, wherei n_t nETSN FEGHE SRR G B B R e SRl 20 12
The methodreaesRgliheGoht@midaatsiréhn thRb&isH chdiebea GERE BirfRB theatea0GRREr at i ng
gas includes nitrogen.
stream;
directing the waste stream from the process chamber to a purification
chamber, said purification chamber comprising an adsorption bed containing an
adsorbent that is non-adsorbent to fluorine;
15 adsorbing contaminants in the waste stream on the adsorbent in the
purification chamber;
~ 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.
20 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
25  source gas is a gas mixture in which one of the components is selected from the group
consisting of NF3, CF,4, C,Fs, SF,, and mixtures thereof.
5. The method according to Claim 1, wherein the fluorine-containing
source gas is evacuated from the process chamber under negative pressure.
6. The method according to Claim 5 wherein the negative pressure is

30 achieved from at least one vacuum pump having pumping speeds of from about 20m>/h



- 13.* The nmethod according to Claim1l, wherein the adsorbent conprises
graphite. 14. The nethod according to Caim 13, wherein the adsorbent
further 25 conprises an organi c conpound selected fromthe group

consi sting of propanols, heptanes and perfl uoro-containing conpounds. 15.
The nmethod according to Claim14, wherejsn the propanol conprises 2--
propanol . 16. The nethod according to Caim 14, wherein the heptane
conprises 30 hexadecafl uoroheptane. 26 17. A nethod for recycling

fluorine froma te, stream conprisi.ng the steps of; Vi di n process
chanber - halt g tulohra Bhd SR ES TR ks Sus e mabou Pl eBo e oc
t hereto; 5i1@ooovbgi ng a stream of purified fluorine gas froma fluorine gas
source into the process chanber, wherein said fluorine gas source is

provi ded from a’f | uof hpeethodasenrding 1 blpiwel . MR thepdsnrperitted inthgn
adsor bent g 1<{a'ﬂ@ﬁ chiﬁntﬁ’é‘?’?s' ﬁgﬁ?z{ilj?e%% a&&n&érh’t‘ﬁ?é (r)]lffrorl[) ApGut- B ‘3%‘3#@ uni t;
n e el e ce

provi di ng ectrolytic ce conprising an ctrode, sal char ged
lo withs an2@fitbunt of el ectrolyte; providing a power supply and directing

current fromsajd power suypply to the electrolytic cell; directing the
fluorine pr ecurg'or ?W@H\Qﬁéﬁfqra‘inﬁtt? g:l%’é’ili’;‘”h@fﬂ%(? therenguigrdn Meount of i npure

fluorine f%ﬁm&ﬂgn eh&iber ¢4 hhftdhed 18 prdsulof HohPandut SoE&RA tolBoliIodSOr bent

bed; adsorbing inpurities fromthe inpure fluorine on adsorbent In the
adsor bent twed and producing purified fluorine; directing purified fluorine

[ om the:adsorbent oot ERSELLR0LR, GO AMABTL S DG BT 1100,
to create a waste st fegamdratitigh the b d@ptiditeddIidirestifLATbM FRUSRFGH REESS
chanmber to a purification
regenerating gas from a regenerating gas source into the absorption bed;
cleansing the adsorption bed of contaminants and directing the
contaminants into the regenerating gas; and
directing the contaminant-containing regenerating gas from the
15 purification chamber.
10. The method according to Claim 9, wherein the contaminant is a silicon-
containing compound.
11. The method according to Claim 10, wherein the silicon-containing
compound includes SiF4.
20 12. The method according to Claim 9, wherein the adsorption bed
regenerating gas includes nitrogen.
13. The method according to Claim 1, wherein the adsorbent comprises
graphite.
14.  The method according to Claim 13, wherein the adsorbent further
25 comprises an organic compound selected from the group consisting of propanols,

heptanes and perfluoro-containing compounds.

15. The method according to Claim 14, wherein the propanol comprises 2--
propanol.
16. The method according to Claim 14, wherein the heptane comprises

30  hexadecafluoroheptane.



' chamber, said purification chanber conprising an adsorption bed contai ni ng
an adsorbent; adsorbing contam nants in the waste stream on the adsorbent
in the 25 purification chanber; converting the waste streaminto a
recycled fluorine source stream and directing the recycled fluorine
source stream fromthe cl eaning chanber,, to the process chanber as a

suppl enental fluorine source stream 30 18. The nethod according to Caim
17, wherein the adsorbent conprises graphite.

17. A method for recycling fluorine from a waste stream comprising the
steps of:
providing a process chamber having an inner surface, said surface having
contaminants adhered thereto;

5 providing a stream of purified fluorine gas from a fluorine gas source
into the process chamber, wherein said fluorine gas source is provided from a fluorine
precursor source located proximate to an adsorbent bed that is non-adsorbent to fluorine
in a replaceable unit;

providing an electrolytic cell comprising an electrode, said cell charged
10  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
15 electrolytic cell to the adsorbent bed;
adsorbing impurities from the impure fluorine on adsorbent in the
adsorbent bed and producing purified fluorine;
directing purified fluorine from the adsorbent bed;
contacting the contaminants with the purified fluorine and removing the
20  contaminants from the chamber inner surface to create a waste stream;
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
25  purification chamber;
converting the waste stream into a recycled fluorine source stream; and
directing the recycled fluorine source stream from the cleaning chamber

to the process chamber as a supplemental fluorine source stream.

30 18. The method according to Claim 17, wherein the adsorbent comprises

graphite.



