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{57) Abstract: An integrated solution to molecnlar flnotine generation and use at a fabrication facility is disclosed. The integrated
solution and portions of the systems and methods inclnde novel aspects. Some embodiments of the method and system described
herein can provide the ability to generate molecular fluorine at or near a process tool. Other embodiments of the system and method
described herein can comprise a fluorine generator cabinet having multiple fluorine cells. The methods and systems are particularly
useful for the fabrication of devices such as microelectronic devices, integrated microelectronic circuits, ceramic substrate based
devices, flat panel displays or other devices. In one specific emb0d1ment F; may be generated on-site at a fabrication facility and

used to clean a deposition chamber of a process tool.
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Abstract: An integrated solution to nolecular fluorine generation and use
at a fabrication facility is disclosed. The integrated sollitMan2e0ied
portions of the systenms and met hods include novel aspects. Some enbodi nents
of the method and system described herein can prOV|de the ability to
generate nol ecul ar fluq Lyt L R i%:pnents of
3 ' gener at or
cabi net haV|ng nultlple quorlne ceIIs The nethods and systens are
parti cubiged:y useful for the fabri catiom-lokr ctienvidods agrackionagfenta dpr@et ect roni c
~devi ces, it Bgraeadearh eron et bt eryblihed cinedpis prodersed Aaptivietions(dpesening! &e Hegirs e d
devi ces, “PIECP FIREIi spl ays or ot her"8&\ekeiar o IR ECHEE £ i ¢ enbodi ment
F2[err] may be generated on-site at a fabrication facility and wused to
cl ean a deposition chanber of a process tool. 11 May 2006 WO 03/ 046244
PCT/ US02/ 37912 -1 DESCRI PTI ON GENERATI ON, DI STRI BUTI ON, AND USE OF
MOLECULAR FLUORI NE W THI N A FABRI CATI ON FACI LI TY TECHNI CAL FI ELD The
present invention generally relates to systens and nethods for purifying
gases, process gas generation cabinets, gas distribution systens,
contai nment carts, nethods for cleaning process chanbers, and nethods
related to generation and use of nol ecular fluorine. DESCRI PTION OF THE
RELATED ART A variety of fluorine-containing gases are used during
fabrication or cleaning processes. For exanple, nitrogen trifluoride (NF3)
gas may be used to etch substrates or clean chanbers of process tools used
i n deposition processes. Sone conventional fabrication deposition processes
i nclude depositing layers of materials using Chenical Vapor Deposition
(CVD), such as Low Pressure Chem cal Vapor Deposition (LPCVD), Plasnma
Enhanced Chem cal Vapor Deposition (PECVD), Vapor Phase Epitaxy (VPE),
Met al or gani ¢ Chem cal Vapor Deposition (MOCVD), and the like, or Physical
Vapor Deposition (PVD), such as evaporation, sputtering, and the |like. A
vari ety of nethods can be used to etch substrates or clean chanbers. In one
enbodi nent, a plasma including NF3 can be used to react wth a deposited
material on the substrate or on the walls of the chanber. NF3 has probl ens
inthat it is available in limted supply and at a high cost Diatomc
fluorine (F2) can be produced by the eIectronS|s of hydrogen fluoride (HF)
and a salt.




F2 is produced at the anode of a fluorine generation cell. F2 produced by a
fluorine cell is typically passed through an inorganic, nohvidaa20fte
absorbent material, such as sodiumfluoride (NaF) or the I|ike, to renove
resi dualwd—g: ahdh then through a filter to renove partlﬂﬂﬁbﬁé ,1ypical prior

-art quorlne generatlon cells provide an F2 and HF m xture to a single

|l arge HF trap. The HF trap can coppri se NaF or other suitable material to
renove HF fromthe F2. The large single HF trap because as the HF trap
-w || eventually becone sat urat ggsentbTioonsequently, will need to be shut

con o o ERBOSEGh smehRient AL PERh oot 4 FLBORRREbAS 21 notpe T 1

sem conduct or industry. FurEABRICAPIONFAGILITYHF traps are typically purged
with nitrogen during the regeneration process. Purging with nitrogen can

i ntroduce contam nants that can dilute the F2. Not only are currently

exi sting fluorine systens verlEGHENIGAL & Dens, but because F2 is a highly

t oxi ¢ gas, . ) t The
st - common PrieaRud ST R Gerdd SENERI 4 SR ATRIR BB e or

t he caarsration edbinets, gas dlsmwﬂowﬁw wqwetwem wethagp fr clganing propdss | nst al | ment
eXPeNIBARARSHA RS Mhitdlo bOEMonaME LRSF moiStuBPHdkidle, P oCedur es for handl i ng
fluorine SUBSTI TUTE SHEET (RULE 26) 11 May 2006 WO 03/ 046244 PCTI US02/ 37912
-2 abatenent usually requi re separ ate and i ndependent abatenent systens for

each fl uori ne gener at orpesCREFIIGR OFI TREIEAATRS A4ast s to a fabrication plant
operator. A general belief is that absorbent materials used for abatement

are i nf er ifoYanewy oflyospe-qoptaininggases arepsedinae catipaer ¢leanmg pessssesi B¥cy rapi dl y

decr eagsspld uiroia namenéemgaseﬁ Bd usad B fch Ab&raeo at dldafcHainberd Ffockson product s.
A continued. fl.ow.of air aflﬂgrlneaatement systemw || expose the

absor B UsHp Q?ﬂ"%ﬂ‘m‘i pﬁ"c‘fsﬁ“é %‘?’PFOCPF‘WE“‘Q SLZRAtinR deppqoB ROFE S BE Y r e and ot her
cont annamiuh@aywwmteﬁamﬂnlg@aiﬁcdmr Dmsxahﬁ{mvm,rsnchmcw Pradsure Fur t her, pri or

art fl ratlo di stribution
syste emmqev@ rtﬁgosb’gn Q‘r? {’Z)F?’T’ '??5‘5 é%g?‘?\ apf’r TOSI%PW1 arge anounts
of F2 Vaperdihtse Ep@xa(w@) Mataﬁqjguntcélhemsdwepoy Demutnme(MOGMDaansmedﬂce,m uorine's
corro L, ement systens is used
in thz:'|h \?cea{r:?&pg ﬁe&»o{;thzﬁﬁf’) %@(ur ?%ggrég%'f% @Eﬂ %tagdtgpﬁ% usi ng one | arge

fluori ne deraietiobmethads ¢ande usehis etcga@stra@edrdlqand@mstmb@mﬂmmmtmd at a

POS! U IeSmPhnCREHS RF, IR LEU Y Eaot dith A k;&ﬂ&l PREHI A A hRBE 6 AR dofiege 11 ne. the

| arge, expensive prior art Bat enen st em enconpasses al gas
| i nes therchambeh NI§ hasgrablems alrikat ftés &ﬂ'ﬁ@blpm‘m“e@ﬁumlséﬂd apmbigheest pr obl em associ at ed

Wi th the ggnghiehib@ie Bh) n B RERSEA bPRS eledtidfBis aﬁhya% enlfRorkdd GSRa Phaye, hazar dous
| i quids, which require secaondary contai nnment, % in transportation and

for of:&prduced atshesgede ofie Myosprespiation redly Fop ?duéeé(% ﬁﬂwe et tapicAtiEnt s yst em
~cons | phedhroG@e ifobh@hit, REnvalaFIe Mseb B Berial, such as sodium fluoride (NaF) or the

like, to remove residual HF and then through a fiiter to remove patticulates,

Typical prior art fluorine generation cells provide an F, and HF mixture to a single large HF

trap. The HF trap can comprise NaF or other suitable material to remove HF from the F,, The large
 single HF trap because as the HF trap will eventually become saturated and, consequently, will need
to be shut down and regenerated.

Prior art methods for regenerating the single HF trap can interfere with continuous operations,
such as those seen in the semiconductor industry, Further, prior art HF traps are typically purged with
nitrogen during the regeneration process. Putging with nitrogen can introduce contaminants that can
dilute the Fs. |

Not only are currently existing fluorine systems very large systems, but because Fris a highly
toxic gas, they also require complex treatment (abatement) systems. The most common treatment

| systems ate not space or cost efficient because of the considerable utility, space requirements, and up-

front installment expenses associaied with them. Further, standard procedures for handling fluorine
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di ke around the affected equi pnent with the contai nment di ke capabl e of
contai ning 110% of the hazardous |iquid. However, constructikigyao&econdary
cont ai nment around a very |arge piece of eqU|pnent can be expensive and

di fficul a typical fluorine generation cel
appr oxi r‘r'pa? fdﬂ&f‘booo pounds. |If a cabinet containing tdﬁér\}%{]%%%ﬁne gener at or
" is |located beh| nd a secondary contxi nnent, such as the dike discussed

above, the fluorine generation cell will require heavy equipnent to

MBNeUVGitethdnt as,@atle réahaesepmndad&ﬁa@aeﬁamtaam syEt@hs fBreadiiluBrineSelephids] 1 Tt may be

required, which’'requires, signjficant maneuvering room (e.g., approximtely
ten fé@'f"f“&?%"\ﬁﬁac‘tsﬁ@aff’ll’rlﬁ REPBHEPSAt or cabi net. Such open spaces can be

difficult 4 glmirhlfbéhéﬂ{s ﬂﬁxmﬁanﬁatérﬁlsmeddm&rabd&meﬁldM%%r toldlRer GeuREapt Ual
rovidi, saf e zar.dous . mat.eri als for

gr oundwq]rg I nvoI ﬂ %a

Pobr gt b tdcatieRy iy affave st SHBPERERIE F | Lor | ne

gener aéacﬁm: padiidcts) Secatinuad ﬂaﬂocsﬂad:&trough a ﬂﬁcame hbateylerlt sysedll kdpest theer ei n.  The

i nt egr, d soluti.o Ll cI ude novel
aspect ebfﬂt o fr1 Rle? onng%veengigglﬁp tsg&?@%ﬁ@%%ﬁs gﬁétd q‘H:Ihy as the total
i nt egrbadaledowbttaéwmrhnntmmﬂay limted to very specific uses. Some enbodi nents
of the melhiog, gﬁgr PRbERARRAE NG GAR B QU ifn WD b €0
generate a praocess ecu uor|

f abr i oewilage dasie ﬂuomye qmge taekf&ﬂt@rhfﬂﬂ;pnawas of & onesit {5 aerpry danortant pafety pri or art
et ho@ﬁnce%'%@&ﬁsc%f*m&’?&hésx&%%h Wlarf L BERIVA brict bt MaRRlef sfBsmshazar ds

associ at he transportation, Storage and handling of cylinders

cont aiurdrithe gveniof g Bgachnddbrthpn disadvaupsspf piyeRnegeefuoring geerstan is et thiny 2006

Pr eSS hSreePthed MusEb hiMined atraqﬁbiwe%sme mrabrearileﬂwcmaﬁ aePQasst ems for
generation and distribution o process er. enbodj nenfs of the
syst edras #es F.wsaegecrr.%é?fteﬁe?térﬁtpntﬂa??%ﬁwﬁg&thagaﬁ tigrsfemdhe syglier at or

cabi neinkhawe tm:ust:l ple fluorine cells. In one enbodi nent, the fluorine
generator ca can ha t fluoripe cell t he bei g that at
 Ponst “one ASPUTIEH o oPrHa B Peemution ohDp et ol it B FREL” wh | e one o
- nor e ObzatddBs 16Hulds whitk kdgGirel sﬁcoﬁ@@edmﬂammngmthﬁhumsmﬂmon @mrfatdncsne provi des system
- redundanc 0 th rocess eneratlon ained in the event a
el L e S R R R N

distr |d|ﬂmiaroomi thg/s"feand erqaxpmbewabthpbmhlmtunttdde chflable pf comaigieg EY0GE aftheand oper abl e
to di d ti ecul ar

f Luor ﬁl%}ié!{'c{%g}l? uid? %%&%Pktﬁsrﬂ%gasléc'oﬁcﬁpﬁc%ﬂsﬁ&&??rﬁind%&ﬁﬁb?g&%ﬁecéfﬁ Gori ne may be
used dawipment ennbaimpma@ artdrwhfﬁwf(licwﬂwm otypicH Elueris neratiangell weigdevi ces such as

i CT 0Gh GGkl § 0Bt HthiR SIfa'c%Eﬁgcroﬂt%ﬁﬂ?%ﬁﬁ&ﬁL BGRABI fofildifithd &, cera c
substr i ces panel di splays or other devices which may be
f abri @Wé@ﬂa@ﬂ%@?ﬁqsh@ds the diks discugspd ghove; the flucgizgrenqration cellyyill rqa@iteent i on, there
is pr Q.Edﬁ%&luﬁne%b’t%ﬁﬁ&fr&h ifi@RAde MHdfdb!the EH%[nletf IFeadxhele, @ Fori@ifid@s be f | oW conpri si ng:

a first HF trap coupled to a gas, supply line, wher ei n thedgtas supply Iine
condude®irgds ght@!a@qmcwlﬁcant maneuvering room (e g., approximately ten feet) aroun

fluorine generator cabinet. Such open spaces can be difficult to find or expensive to maintain.

SUMMARY

The conceptual groundwork involves providing safe delivery of hazardous materials for
fabrication processes. An integrated solution to molecular fluorine generation and use at a fabrication
facility is described herein. The integrated solution and portions of the systems and methods include
novel aspects. Therefore, the invention is not to be construed only as the total integrated system or |
only limited to very specific uses.

Some embodiments of the method and system described herem can provide the ability-to
generate a process gas, such as molecular fluorine, at or near a fabrication facility more efficiently and
at a lower cost than prior art methods. Those embodiments can thus reduce or eliminate the hazards

associated with the transportation, storage and handling of cylinders containing toxic gas under high

SUBSTITUTE SHEET (RULE 26} .




a second HF trap coupled to the gas supply line in parallel to the first HE
trap; and a swi tching nmechani smoperable to switch gas fl owkapR00e first

HF trap to the second HF trap at the occurrence of a predefined event. In

a second aspect of this invention, there is provided a nethod for purifying
fluorine gas conprising: dlrectlné a fluorine gas flowto a first HF trap;
determning if the first HF trap is approximately saturated; and if the

{1 UOT bAgubIoBR chiadlb R 1) $loraR BE0cR BRI LT Sl AL @ Bflicn PV L 0PI g _the

fluorine gas flow'to a standby HF trap; regenerating the fast HF trap; and
repl abi°f§S®2ff& first HF trap. In a third aspect of this invention, there is

provi ded ?-Oﬂfe%ﬁ&ﬁm@ﬁsofmeﬂﬂtéﬁhﬁm&ﬁahgs@ﬁ&dHéfém%ﬁric%inﬂl%eaﬂ@onﬁ@-bi net housing
enconga35|n9ba @ﬁoces taaﬁ_%eneqagor e hOUS f.urt her r|S|ng one
or EPOp P IOGE AT EE P UEF FRE e S5l P g, Odb?“??&é Y E'ﬁ‘é‘?i*’é‘?‘ré? a nor nal
out putangayettyo Buvdneanallseireidgdniny thaiat ipmtton@dﬂiie fluarivel celia iz ingophratig tat ﬂyst em

compr iuaésngmle%ﬂe o%'&%ld?th SLE T reﬁ%eﬁﬁ’ ?B?gﬁéé]on%%m%&% gl coupled to the

normal olt put port an e ex St channe e "nor mal operating channel

f ur t headundanep pd B4t prgeess mgmwmgmlwmaw@méw evan a fllyeR@EagienentRr gency
channg} in eRURhE&da t0 elilhe, ener gency out put port of the cabi net housing and

t he exhaust channel, the energency channel further conprising: an energency
~exhaust vaIA\ii@mb%ﬂ?ﬂsysﬁﬁnﬁ%%‘iob% to 3, Hyorpp eapraky pad operablfa digiribaiq,or | ne sensor

| ocat edirdbpSjuimeaRuddcontttiatonnaimohlulQ Pedt ioge o dlosteroctshiRolk.|Asaich,ne sensor

oper abl #o cl.ose the norumal eratin akle d open the enmergency exhaust
val ve |§ (e ey be st € gl N fa@ﬁ’wongﬁc‘%f d ofﬁbsnlcaﬁwméfgdgmess his Breset level. In
a f oumidpelsipaivtdedes, tldﬁgsatqdmu@wthcmw cirbyats, @erpigic ptlbsivatda@:bdde\gas ﬂ@tl stribution

syst egang%pws%;a&rdevﬁes%%%ﬁ;b&aﬁma&me@aﬂgdhef%mgas routing mechani sm
connect ed I ocess gener ati1on syst en a negat ive pressure st or age

t ank conneB’taé'HStt‘S@e"E‘l’fé*“i}a‘é’mF TreigPrEded a pssmnforcopsinypappatificaionpf egsur e st or age
t ank gmasoa{@hﬁngto store process gas produced by the process gas generator; a
negative pr re line cou Iedtothe n@ggtlve E}Less re storg‘getank a

conpr essor ? 2P °UBled R erStRli DR WhieEe f g8 sypply dngsadugh e eds §o%dr aw process
gas from t hecoe fathpyeupides telga suphle lidegepdraletks the first HE trap; and

a switching mechanism operable to switch gas flow from the first HF trap to the second HF trap
at the occurrence of a predefined event.
In a second aspect of this invention, there is provided a method for purifying fluorine gas
comprising:
directing a fluorine gas flow to a first HF trap;
determining if the first HF trap is approximately saturated; and
if the fluorine trap is determined to be approximately saturated:
switching the fluorine gas flow to a standby HF trap;
regenerating the first HF trap; and
replacing the first HF trap.
- In a third aspect of this invention, there is provided a process gas generation cabinet comprising:
a cabinet housing encompassing a process gas generator, the housing further comprising:
one or more input vents to direct air to the process gas generator;
a normal output port; and
an emergency output port; and
an exhaust system comprising:
an exhaust channel;
a normal operating channel coupled to the normal output port and the exhaust channel,

the normal operating channel further comprising a normal operating valve;




conpress the process gas to produce a positive pressure process gas; and
out put the positive pressure process gas; and a positive prESSiay@083 or age
tank in fluid communication with the conpressor, the positive pressure
storage tank operable to store the positive pressure process gas. In a
fifth aspect of this invention, thére is provi ded a gas distribution system
conprising: a process gas generator; a gas routing nmechani smconnected to
the process gas ,gengLat, c%éX&xEl@%t}ﬁeBﬁ@&w%%uﬂ{oﬁ%% Gbindt RES8Eank ank
connected to the gas routing nechanism "the negative pressure storage tank
oper aB‘I‘eéX‘EaBStéftaE‘?ebg’ﬁF’é‘E%f‘é‘%VCﬁ%“’if}%‘%ﬂﬁ%‘@ﬂ‘sﬁ% the process gas generator; a
negative pressure Ilaee@@gbﬂ&yadhah@va\meanaegatl ve pressure storage tank a
plurality of conpresso cou Ieg to.the negative pressure |line, each of the
plurality of conpredB8P¥ %‘b%‘fl%? paeial: @ aw process gas fromthe negative
pressure stor ageammsemmﬂmsutdne&qmtb@malgmmﬁnwam adlo@inaspwsi ti ve

press gas; and a
o ¢ 1 ey OGBS icHa i Baiog QoA orki e RSy HhBL BRI L RERER T oF
conpr é@sieh*@thoé%mwfﬁ?t\)@elpr essure storage tank in fluid com‘rum cation
with the asspheLecGPIRIRSRHON, thedNGroMUBL £ialdifBGHRon HASH domyiddl €SSUr e storage
tank is operable to store the positive pressure process gas received from
the associ®&f%EH EOEPF@SSor. In a sixth aspect of this invention, there is
provi ded aagmbmmglmimsﬁabﬁneﬂ@m@méﬁbd&g'gas]gkna&qhyns’g’rﬁﬂﬁ ali qui d-ti ght out er
container confjqured to store a ener.ati.on c cont ai ni ng an
el ectrol yt é nf’%a{ e, The o emnkc‘c)imfc?edﬁ% e%?? g’r gng%emg?l?\nérth © uegfg‘ﬁpfecsjsmcont ain the
Cpr oce§®ragat@1kg>eﬂéqleab Btmpmgbﬂgam@uwﬁbyﬂheasqessahd gepdmgore| ectrol yte |iquid inside
the pr OCeS%ant%&eQ,FeEkﬁFe%é &Qpl&i(?én!he ne%@éfrbs@u:& Q&Ogg%ﬁr contai ner conprises a
material inert to the electrolyte l'iquid, and rol’ling hardware coupled to

t he bottom%?.f?ﬁ“%ﬁ&’éc%‘?le‘i‘I‘iéhellli”gﬁ‘lﬁeﬂrefslﬁﬁh’f@O(EE’PRIf‘a'Pner In a seventh aspect of
this invention, d{;aka,q,mesb@Sﬁalgwed@dm@,pmﬁﬂegdmgmnkpl eani ng a process chanber
for sem conduct or or flat Fanel di s‘g .manuf acturigflg;Eﬂ é:orrpri sing the steps

of : converting A°TREEYDYHEH SO FPEEHT I AL PLOFE | ocati on, wherein
the feed gas dO(BStpmﬂiestlltﬁap’tessﬁrmoqus(gmaﬂ chanber; and delivering the

cl eani ng gas to 808%1 rrérgs}%'ure é?rgg?arrﬁ()l%rﬂmdcgmmumc dgu tnthae‘ (pmpreigﬁooﬂ;h this invention,

there is provide eneratin si ng dori ne-contai ni ng
corrpompmhvemmvrpsprpg}tankemﬁblemgtﬂwthdnyshvemeeswmtoawsmang reactant in a first

reactor touf DR aGhektlof s ifvbrdOH, m&@lsgmﬁ@a AYalBstrith RO omBilhef | OW Ng T he
first fluorine-containing conpound to a second reactor, wherein the first
and second &Process gas generator;

a gas routing mechanism connected to the process gas generation systen;
a negative pressure storage tank connected to the gas routing mechanism, the negative pressure
storage tank operable to store process gas produced by the process gas generator;
a negative pressure line coupled to the negative pressure storage tank;
a plurality of compressors coupled to the negative pressure line, each of the plurality of
compressors operable to:
draw process gas from the negative pressure storage tank;
compress the process gas to produce a positive pressure process gas; and
output the positive pressure process gas; and
a positive pressure storage tank associated with each of the plurality of compressors, each
positive pressure storage tank in fluid communication with the associated compressor, and wherein each
positive pressure storage tank is operable to store the positive pressure process gas received from the
associated compressor.

In a sixth aspect of this invention, there is provided a containment cart comprising:




reactors are located at a fabrication facility. In a ninth aspect of this
invention, there is provided a nethod for using a first protiestay0od
conprising: placing a first substrate within a chanber of the first process
tool; reacting a fluorine-containing reactant in a reactor to form

nmol ecul ar fluorine;, generating a FPﬂorine-containing pl asma fromthe

nol ecul ar fluorine, wherein generating is perfornmed in a plasnma generator

that is | ogatdliMiluih dRtaink@ofH e kiored @Qcés%,ﬁy\%eﬂgatfoh Eelifcbdtsiting an
|

ma to the. chanber e the substrate is in the

fluori ne-contai ni ng .pl.as g )
chamo8??“%3%F=ﬁheﬂlgﬂ@f1§%a“%ﬁ?ftaf%%f%ij COYAR BEFIEE FEESTHN Thesus| y during
at . | e&adt albtheelpabipt liquid ibsidethe prokdds gas faabrhtion agipekteirnthe duktk Gonfaiidtent i on, there is
provided a nethod. f@{om%%ieggl ehc&gnﬂtggr conprising: flow ng nolecul ar
fluorin 0 a Chamber; an d’gngr ating a fluorine-containing plasm using

t he nol eculrdinghirdward qquplediinde bhttom grsfaeerodithie Hepid tight coftdigeor i ne- cont ai ni ng pl asma

i's perforngg Mehflhfed MECHANRRT therd B BrolBLSIRDIHLIEREEAL prileSChABE! ON and the
foll owi ng detail ed description are exenplary and explanatory only and are

not r&%pricepdugiar Qs flatippnsl disipr pequiRturingscogarisingdls sipf ofhe appended cl ai ns. BRI EF
DESCRI PTI ObbrkrtinkeeDRAW Ninidd \@s @&t lodatid Sitlete@hel féed kdsldbg hé@tegd by way of
exanpl.e and not | i rH tation in the acconpanying figures. FIG 1 includes a

si npl F PR b AR &%gr am of one enbodi ment of the system and process flow
for on-sit éeliyging rhatleaming gasab tk soessbbambeon of a process gas; 11 May 2006 - 5a

F1G 21 iRl Bl bRl £ fofidlaaMeRle BNALARL, gERAGMENt Of the

met hod and system "for providing on-site generation a Istribution of a
pr oc e §uerigereeniining conppernd cemifriging:i cation facility; FIG 3 includes a nore

det ai | ed blogikg slindgkeadht@thin@RaceniR 8RB Bkw0Ph 1l € AlYRbLANb MmN - Si t e
generation and distribution of a process gas; FIG 4 illustrates one

enbodfHPAt™MGEd a process gas generation cabinet incorporating a dual
.exhaust sy sibwinig thdHirtdfuinb-tdnthikngabBBuidiea &tdnd fchdoh, WHer-DUlgHir€ addisetetd of FIG 4
under _an elrer gency. r.e:;}ch sjtuation; FIG 6 includes a sinplified,

. ocafed at’a fa fal{)l‘ll%

di agr SAMAL1C Tepresentati oA ®f a bul k distribution systemfor fluorine, or

ot her pr ocsginfespectef Gis ilFeio Weredsreovalsbouetdfidr ugfe afirs eeeomderly cont ai nnent
systeggn(pggﬁgt_) housi ng a process gas generation cell; FIG 8A shows a view
and front face el evation of one enbodi mrent of the cabinet of FIG 4;

- FI G 88 showkcing »firsfibstipie &ijthin p chamber phipefiptgrocesi odne enbodi ment of the cabi net

of FIG 4, reldife 2 Bfori®OMEinifs RRGH iPDNRhcto? ledmhdBshI}uaRe, enbodi ment of the

cabinet of FIG 4,
generating a fluorine-containing plasma from the molecular fluorine, wherein generating is

performed in a plasma generator that is located outside the chamber; and
fiowing the first fluorine-containing plasma to the chamber while the substrate is in the
chamber, wherein reacting and flowing are performed simultaneously during at least one point in time.
In a tenth aspect of this invention, there is provided a method for using a chamber comprising;
flowing molecular flzorine to a chamber; and
generating a fluorine-containing plasma using the molecular fluorine, wherein generating the
fluorine-containing plasma is performed within the chamber,
The foregoing general description and the following detailed description are exemplary and

explanatory only and are not restrictive of the invention, as defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of example and not limitation in the accompanying
figures, o
FIG.1 includes a simplified block diagram of one embodiment of the system and process flow

for on-site generation and distribution of a process gas;




FIG 9A shows a plan view fromthe top of one enbodi nent of the cabinet of
FIG 4; 11 May 2006 WO 03/ 046244 PCT/ US02/ 37912 -6 FI G 9B Hhdag 2806l an on
top of the cabinet with the top of the enclosure renoved to show the
interior of the cabinet of FIG 4;_FIG 9C shows a plan on the process gas
conpressi on, purge, and cooling sy%&ens of one enbodi nent of the cabi net
of FIG 4; and FIG 9D shows a plan on the process gas generation cells,

fi I ters, am:h b i@ € Rmbhfd@ blb&hQiskfa@RBano@ér efﬁﬁk%m%ﬂh@dﬂs HeMia Af sykhe cabi net of
? 10.includes an illustration a systemfor %1 site generation
and d °§P"r° 1% Pove EReAGT ‘Séﬂb‘““’PI" PHTE gaasé‘b?if“éﬁ hgereaoR i Bibodi nent
descri bed REY. @indlndesh foore ddtailed Glbdkdi@gram ofdn@mB&iamednl e Sysamgfamntiar the on-site
gener f a fluorine-containing conmpound according to
n%ll ﬁ%%@g q%%%%%@%&ﬂ ég FIG 12 illustrates a nmethod for generating
and di st ri bt ¢ dAlystfateseme Fm@dﬁr@m ofa Pradsssigesceenemtionabise isorpaatiopt diekhg t o one
enbodkﬂg@gﬁg&nthe present invention; FIGs. 13 and 14 includes process flow
di agrans f enerating and using a fluorine-containing conmpound according
to enbodi rr@ﬁi g‘”(:l%@@?‘i%%’cﬂ%’é]ﬁf@‘i‘gh cabiget of F1Gk4 underaa sipecasy Fae sipaon hat el ement s
in the fi guIES ndlads h bilnplFled, Ala@@mhaic réptedatatichiof ¥ bull Ykudhidnisisem¥d have not
necesaqﬁﬁéxr e(ranodsrsavm to scale. For exanple, the dinensions of sone of the
el ement@ A ¢ pr‘i‘eléures may be exaggerated relative to other elenents to
‘hel p to i nPKo¥evundeesbdingdntrda gfondeydpodinmen tysteo {catiheuspige p@odss ganvent i on.
DETAI&;thﬁg | PTION Reference is now nede in detail to the exenplary
enbodinents of the invention, exanples of which are illustrated in the
acconpanylﬁ638@6@?%@%“”%%@?@@@?dﬂ@@§PﬂWeﬂm@H@W§aﬁ@eW@&@Péﬂ@é‘nunbers Wil |

be used thmmmws alslf vsimmaﬁ&nmfén%tﬂ%odmmtome SBIR oPFIGl 4, ke parts
(el enents) conce ?? groundwor k i nvol ves prOV|d|ng safe delivery of

hazar dous ﬁ%&% fhavea Pn et Presmbiera e the ebingob FliGnd0di ment s of t he

met hod andFKy$A giwdegsarvichathmibte Jf oftembilimint dfehelcdvmet ABId. #ty t0 generate a
process gas, such as nolecular fluorine, at or near a fabrication facility
nore efficiently and at a |ower cost than prior art nethods. The

enbodi nents can thus reduce or elimnate the hazards associated with the
transportation, storage and handling of cylinders containing toxic gas
under high pressure, as is currently required by prior art. nethods and
systens for generation and distribution of process gases. The enbodi nents
can al so provide a conpact and fully autonmated (one-button) system for
generating high-purity process gases on demand at or near a fabrication
facility. For exanple, the




enbodi ments can generate nol ecul ar fluorine gas only as required by one or
several fabrication tools, such as chem cal vapor depositi bhMayCo0¥ )
reactors. The "supply only when needed" ability of the enbodinents can
dramat i uce the anpunt of on-site process ga 1 when

conpar eﬁé‘%&ﬁgﬂ TUTE SHEET (RULE 26) 11 May 2006 V\%@%é{ggﬂ4

PCT/ US02/ 37912 -7 prior an systensgihat nmaintain |arge inventories of
process gas cylinders. Further, enbodinents can reduce or elinmnate

‘di sadvant ages and problens of prior art systens for contai nment of toxic
liquids associated with the geperatjon. of rocess gas,and can reduce the
abat ement FK3, 8B ghpvis a glan preiopattee caﬁa%emh%mr@a@%?‘vﬁfv%"gw égﬁoer ated process
gases gk thiiae8@nihe Bfhindt FFER@ss gas | eak. The enbodi ments of the system and

nmet hod descri bed hergin can conprise a.fluorin bi net havin
mul ti pl e FIQ8FshHasrs@RIaR 80t ArogRE R BT EHT - =5t Eﬁ@ c?q%ﬁ‘%%tﬁégggﬁégr ator cabi ngt

can hayBodinéat sfltheabineof G| 4 andt he i dea being that at | east one of the

fluorine .S is in operatj .t ik Lnhicd e of the

ot her cel &g'igg’S#"’e“@é"r?]eapg?Fhﬁﬁgog%@égegggﬁ?(}né}hlggiﬁeg%grgd\;(i?gges system redundancy
- s0 t haf oneembeisengafthepebiastaf FIGM. can be maintained in the event a cell
requires npl i1Rkratish £ D8erS HEM-sit berfrafidt] dnd hithibutioof nfbldingt r i but i on
system nagﬁ%gbgqgﬁgﬁggﬁ“@%m%lﬂ]easpf%%ngi;é?nemgfg%et?at oar alnd ope? able to distribute
desi r dobrine geraniinigtit ansmizpdimens deseridad hesih-ons of nol ecul ar fluorine to one or

Or & Pr OCe&HS 1§ 9Rfudes a?&c&k’ﬁ&v diadih & the Bf-sifelgb\RfatifandBimBRioksRd during a _
fabricati on process for the fabricatjon &S?_ evices such as mcroelectronic

devi célspriﬂewplég’nias@@PM@@P@T"@'&‘?W@‘P?‘E free l??é‘i“hm c substrate based
devi ces, fF:l@.tlz 1REHEs a tHeBd RY Sen@Hiting bitRdistibabiiRGrinl foreiTabtiagtiob profeadr i cat ed as
described later in this specification. A nolecular fluorine generator nmay
cone iapeopingdp prstegpbeimat oidbe preset Venleit er t he desires of the particul ar

fabricati gfgd indiih eludd frog@ngsvadisyranivay gaiefadhead osing pihwdessntionk, a
plurality of pr ,cessHl&]o I (aeigongeﬁl?‘mprocess bay, the entire fabrication
faci | ipppoupd acqerding {p efR‘B‘fWIP scg Jfration within the facility. The
pr oce kil @arifas AppRélatt thatuenjentaditthedizuss drbillastdad for saplicitn anscladlyeahi ng

operation. The prqcess is _parii I Ll S § feabiag deposition
charrbé‘?%“%%“eﬁ???g'iyﬂﬁcrt %Wécrg%é%%%ﬁ@h %’gxﬁﬁﬁ iR éi;S&gPA ew rerns are defined
or cl gtgirfes ply teexajgetatedrelaticids ethanldinerds to help wémwpetepndessiendiogefl f ol | ow. The

term"fabricati.an facility' is intended to a facility where m croel ectronic
corrpoﬁ@ﬁ?‘é’,ﬂe‘g‘o’s@%ﬁﬂeﬁ%&nk%&{m’ nmodul es are fabricated. An exanple can include
a sem conductor wafer fabrication facility, an integrated circuit assenbly

or packaging facility, a niggpalesbeskeTiondul e assenbly facility, thin-
filmtransistor liquid crystal or flat panel di g@l ay fabri ca%iso facility,

or the |i Keferqatis nevampdsiin feiaility the gremplary spppodimpnts, ok i bpT, ©13TH cheni cal
plant, @éh%?éihﬁsﬁatmﬂltﬁe%s&%&n@ﬂ fiawinkd, (Whetetdr@bRibT] the @Bk adddmoniumbedevi ces are
not produced), or nuclear, fueF process plant w hiq its definition. The
term "wilpe “ﬁ°§thf%ﬂ'é’ﬁﬁb‘ad‘?‘@“ﬁfé‘éﬁfeémd]?ﬁS?m%‘gﬁg"r‘?“gm%mﬁn Blurality of substrates
that are prRe¢GReRM pbRERbRvolk&phSidagifaldiyerabf lahedogammerils fe or

seque nt'Eﬂlnn%Ltlio)rla)prc}cnge%.u '(lllbe egnggdit?‘ngartrseof %re rr%{hga alnn% rsys%nocf\:esec%ged herein can provide the

ability to generate a process gas, such as molecular fluorine, at or near a fabrication facility more
efficiently and at a lower cost than prior art methods. The embodiments can thus reduce or ¢liminate
the hazards associated with the transportation, storage and handling of cylinders containing toxic gas
under high pressure, as is currently required by prior art methods and systems for generation and
- distribution of process gases.
The embodiments can also provide a compact and fully automated (one-button) syster for
~ generating high-purity process gases on demand at or near a fabrication facility. For example, the
embodiments can generate molecular fluorine gas only as required by one or several fabrication tools,
~such as chemical vapor deposition (“CVD”) reactors. The “supply only when needed” ability of the

embodiments can dramatically reduce the amount of on-site process gas required when compared to

*
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operations. Wthin a fabrication facility, substrates are usually processed
on a |ot-by-lot basis. The size of a lot may vary, but areluMagl2096 no
greater than approximately 50 substrates. The term "nol ecular fluorine"” is

I nt ende a nol ecule that only contains fluori . F2 is an
s BlFRL Ao

exanpl e cular fluorine. The term "process bay" d to nmean a
roomof a fabrication facility wherg. substrates may be transported between
process tools. SUBSTI TUTE SHEET (RULE 26) 11 May 2006 WD 03/ 046244

PCT/ USPdr 3if O%@ms hatlififinthi®TafPe IREmGRE 6 pkReds gasic§liddets. SRR, dviBodiRéis @nPi €ce Of
equi prreBt th@t .h?s .aa | east onoi) reactor in whjch substrates are capabl e of
bei ng [+ sdipnatedisadvantaees and problems ot prior ari sy sipmsder conaipmenholisniclingids at us wher e
chem cassochted chsth atteezenchaing efa procésh gsiatddan raind sheribienRet sPRGCreQlireRERKEN

(deco |t or pl as enerati.on). An exanple includes an electrolytic
col I, meenedss B el ueadile mbcss eltee B s eucilof S Pt B 1K 1ce. A non- 11 mi i ng
exanpl e of Tke empodmeysofdieaydtenr anid methertidescribedderdinc an deniriss 2 fiodisess chanber

oy | Sl Gl Nl N Bhe Y oneARBOTRI UM AORT B OB C 1 1 11 o0
‘are  stAppRvedtio flepripe extle dhe ides being thay pideagitons of thesfbtamiricellslis is epevatioeattall t he process

tool s pRk PRICTRIG Mird FRtlothePRIEE tePBehflf. ﬁ’ﬁ@%‘%gn%){ Bro;[iE& s}fﬁé ity bay can be
S ys r below

| ocat ed between i medi ately adj acent proces he process
bay. TREuENGE eathat Bengess grg gensretiongambedepinginadiimthe eventa geil leqirey madntehanei | ity bays
may  b& ih B edeRihr BB fifird OCat ed out si de the clean roomor within the clean
room but akégwbocation not as _clean as the process bays. As used herein,

the terms ition system may b 5oupled jpdhe fluering senpmpies and opprable fodisigute " has, "

" havi nggkirabRiquentittesahd ncevidtiond of @idleble NIBsHne todn® of drERRE: ol QRGN a
_process, article, or

non-excl.usive inclusion. Fqr exanple, a process,
appar a'f’?}gc"‘iaﬁ g'fm&f)ﬁ'ﬁlf edised c@“‘i’% %‘%%"g‘}f)t"’%l’r@?reé%}l‘)’ét%? gb%i‘onrﬁ’é%%séf‘?h % linted only
t hose wmicesketionic deticesmyegranal mictecl@triity cirehin R sikirate¥dRsaR Gy, flak St ed or
i nherent .t ch _pbrocess... brocess.. article r apparatuys. . Further, unless
expr esgaﬁﬁill d%?%’k]sé’ d O‘g%r PSS &8s ?’%?’fb;? ?aﬁ:h%a?ed 3 gqsg}bg‘?l?%r ’EH”S SP??&% tPve or and not
t o an excl Asioleeulgfluoiogereratomphyecoma incondéty bixizedto 6t beBeritle dadret siftheed by any one
of th folad MM RShn Fhditles Tt YUSe bRl S S fa[.se or _not present),
Ais %ﬁnge MCOF ‘hot pr e‘gent % 5%@ 'Bg{sg '%F%eﬁ%gsrg %811’ ARy of ?108553%"§ h A and B
are t raleng@process bayethe yntireXphrisatiop Hailifysormearlydiy etbar ewhfipwatibe vithih heof non-1i i ti ng
embodi gEf, SThdpRed IR S 9SS uhéae,dwqw; BBl GRAR b re
fluori _nengener ators produci ngippnp[ ecu arﬁ#c?tlljor _F?le, ggtj%ﬁaﬂ%@qﬁi?{of#ough t he
‘el ect rigpyaqulrly rellpitegfopgieaping Eqppaifiop chambers b usedrin the migrestrctmics indestyr enely
ef ficient QR ERH aRRBEHE 6r MBIl to BHH dnlerfisdRB dhe disl kG W HELORR (H2), with
the F2 dir %c_t ed I_ 0.process tools and the H2 directed to an

term “fabrication acﬂlgl' 15 intended to a facility where microelectronic components, assemblies, or

modules are fabricated. An example can include a semiconductor wafer fabrication facility, an

integrated circuit assembly or packaging facility, a microelectronic module assembly facility, thin-

film transistor liquid crystal or flat panel display fabrication facility, or the like. Fabrication facility is

not intended to inctude a chemical plant, plastics manufacturing facility (where mictoelectronic

devices are not produced), or nuclear fuel process plant within its definition.

_ The term "lot" is intended to mean a unit comprising a plurality of substrates that are processed

together (substantially at the same time or sequentially) through the same or similar process

operations, Within a fabrication facility, substrates are usuaily processed on a lot-by-lot basis. The

size of a lot may vary, but are usually no greater than approximately 50 substrates.

The term “molecular fluorine” is intended to mean a molecule that only contains fluorine
atoms. F; is an example of molecular fluorine. _
The term “process bay" is intended to mean a room of a fabrication facility where substrates

may be transported between process tools.
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exhaust system Further, the enbodi nents are capable of delivering a
.process gas, such as nolecular fluorine, at both sub-at nosphkayQ006
(negative) and super-atnospheric (positive) pressure. Enbodinents are also
capabl e cing varying anounts of a process ga d. A typical
on derrar‘fg‘; pro ﬁctlon anount can be in the range of 2"6%2” xiﬁ%}g{}el y 125 to
700 grams per hour. The enbodi mentgs of the nethod and system can provide
for in-fab, on-tool, or fab-w de generation and distribution of a process

gas. EWbO%g&g@ @gam%i-@sqnﬁmwn%@n Qpléeelokae,u@mmmnasiatwaggﬁ@r@;mI e logic

controller controlled systemw th a touch-screen operator
i nt er firwkich sphsgaieparerapehieribeipe Becegsed - har dwar e- based interface with faults and

al arms. Fut Reh vrea%toﬁhﬁn@mew @A En HadatReyIRARAMIG! Binds dré‘dh&[gfedi(ﬂ ng with a
process tool and can L{%ﬁf inits o congrgc., s‘grll a.éned cabi net .
The erﬁ?&‘aﬁcﬁéﬁlﬂﬁwb"c'ﬁ%’eg PiER{dssrerPRYIOR SEP W‘ﬁ?’\)s ‘a‘a‘f‘ Rt gener at or
cabi neh el@@a\blyfilcelmliarbdeﬁslcﬁarﬁﬂeuprasﬁmegeﬁbedtdrsor tHemk@nﬂencmrﬂmﬁthple dfhe fluorine

t t two f| N UBSTI T HEET (RULE 26
1T NPt 6RO G2 P DT AT G R RS S BNRBITHAE ot |t one

- of thelefdsidon ¢hagbeel | s nmay be in operation at all tines, while one or nore

oLt o © etk s8R syl Ry S peh BISRREALLNaoel Prs&&fuagug&é hififedoVi des

systemre rocess gas mal ntal ned in the
event somilibd trptootsetvalseed wherd mcc:hmakﬁmm todlfe psocese bdols nfapp¢ made withous, | is a

si mpl i fi ed ¢ epg,gcesscy gt Q&&p@%@dﬂ@m@n mmehaely%uﬁéeﬁemmbwsocess flow

for ofte eneration an |str ution of a process Process gas
gener at b&'}w thy pioeass Ha®. Thearasess Says mpribe loaated pithin p F‘ﬁ@ rqom, ¢ F‘B@é@é“agas

ge”ef%E;lo%ﬁE_ﬁwb%lécﬁa &dls,&m?e cﬁgpﬁ%mmmthm&hr&mwaidcmnA&agan be used

to.s t’o an ectro yte within process gas generation cells 14. The
proce@b%algwhfg@mqﬁéméd by process gas generation cells 14 can be F2 and the

el ectrol ytg u‘eédtﬂalleﬂn {RE RERS SortfiSesH CERIpALAD Mo Rbds 3 "liiéludlzfg,@ﬁhfl@e “idedng" pot assi um
bichloride and I-1E. A ternatlveI(%/ t he e ectrg Q_(M’.‘ g"a’ﬁ}‘/ i ncl ude HF and

pot asﬂ@mﬁh%&“ﬁwmﬁﬂﬁ Pﬁﬁg‘“ﬁ‘ﬂ@rt&? Ve nop-FrEF SR pe Wektce F2 gas and
trace AdpeddYrccf arliblo, orppaRatusilRK CoRiptiseg 1i bf di¥mehts isabaecesutilp litnitéd @ilp pr ocess gas
generat ion cells 14 w t enerat ion cell 14

dan bahss gmate W e Sl EIeBEHER GO ER oLt QOB IR ooy at em 20,
Press Lﬂi-@:eﬁﬁﬂﬁdld’lgr apﬁuritusl Burtter) udlas exptesady gatadssilic e@ntmary,Hor re&:rqdp eress generation

gener d09UHE QL R4S A2 Pl HeltfiR 5RAAHR, o B f SRAEFRRGILKR B PENCS s
| i nes falhwind: tAis trgd ormeses)radB,is false(ormt present) Anmfplse (or nasgreseny) AndeB isst eam heat i ng
?glrl a(f{;}‘eg"f%%?_ﬁg_‘ﬁl"’g‘hg‘ﬂhm d@gl@% {6?&&%& a subnersi bl e punp, and a feed pipe

ectrol e vmt in the tank., Wth heating, cooling,
or both, Af@nm-lsmm@lrﬁclt@dﬁ fatadls g@weﬁlmtms embpgdimentay Emodingnta dessibed at a

const gL, dlt c% Sp?i%]é’t{ o€ or (5?5 ﬂlf'oﬁ &ators BRlidelhd ndfec ﬂ%ﬂ%@ tshichlay Fansash be

-perforne coo eating tubes placed in_ the gl ectEoI yte of an
el ect rtb g}qcprglyg;mﬂ amwdﬁcfr V‘“’ S@bﬂhiswcfsﬁﬁ gty efigientendgan prrducg highy r o) yt i ¢

cell. purity F, and diatomic hydrogen (Hy), with the F, directed to process tools and the H, directed to an
. exhaust system. Further, the embodiments are capable of delivering a process gas, such as molecular
fluorine, at both sub-atmospheric (negative) and super-atmospheric (positive) pressure. Embodiments
are also 6apablc of preducing varying amounts of & process gas on demand. A typical oni demand
production amount can be in the range of approximately 125 to 700 grams per hour. The
embodiments of the method and system can provide for in-fab, on-tool, or fab-wide generation and
distribution of a process gaé. Embodiments can also comprise a fully automated programmable logic
controller (“PLC") controiled system with a touch-screen operator interface, The interface can be a
~ hardware-based interface with faults and alarms. Further, a PLC embodiment can be capable of
| interfacing with a process tool and can be housed in its own compact, self-contained cabinet,
| The embodiments of the system and method can comprise a fluorine generator cabinet having

multiple fluorine cells. In one embodiment, the fluorine generator cabinet can have two fluorine cells,
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H2 is output fromeach process gas generation cell 14 al ong hydrogen out put
line 22. Conbi ned hydrogen output header 24 is coupled to Hnkfaye0® ves H2
from each hydrogen output line 22. Hydrogen output header 24 is coupled to
exhaust 5. H2 is routed to exhaust systen125 to service
ventllayﬁﬁﬁ ?%gfen126 whi ch exhausts the H2 to the ou 8% aﬁnnsphere. F2,
i ncluding trace amounts of HF and tpace solids, is output from process gas
generation cells 14 al ong process gas output lines 28 to a conbi ned

DI OCes theddes bang thattat IaRE@e bf tBQﬂuoE@ecclansﬁﬁe@%e ﬁl%pg@tﬁm a8 Wh Ao 6 dnord 4 Can
furtherft&;le shown as a separate unit in FIGs.

%ﬁ wout ut ma fg'

1, 2, °“HAd° o {5 RRIP L95°E Sﬁ‘t’ '§W§T°“P6’“§esﬁV%%'§§m’6§'§Y§j’éWératlon cel |
14. Pr pwessgayasefationdan b mgntEiﬁe)duHhamﬂt celhgintganddidr AUkeént Skl 0l d 34 before
bei ng qgg gcted to conbined gas output header 30. As is nmore clearly shown
in FIG process gas generation system 10 can further conprise various
val ves op@Kiaﬂ)IlSeﬂ simplified blonkdliagrammof meommtmn@tmpmmdpto@esﬁﬂdmtorprocess gas

from e@t?efk ioh Haisdbuli o?ggro&rss ga?rw ces s&gneratttgn smd(f::% tlgmglé% HEqB{i.tr aps 32.

Process gas out put header an n mul tiple HF
traps SWPIYARE Koo gteess @s g@e@hmllsdﬁt ylmv\mnhelﬁintentatpm %plydmd)m:bnmmn s can
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procesg gas I's thus output from rocess as generati SHEET
( RULE 9¥%hroeess gapgenerpling léstndmgmﬂpefmg @ess gasensptivscelldl4 o one or

anot hegantk Ho, @&a@ﬁnﬁ%hﬁﬂ@é’hn@fﬂﬁ‘aﬂh&ﬁﬂn%fﬂw N&mﬁ&hgﬁn@fb t fifd,d€ used to route
el

a processu‘%gﬁ' §|t er such "t hat er HF trap is out
of ser Byt ghondey Pfé“rgé’f’?rﬁ}?“’d}i‘e celllselﬂéi‘“rpmdt-'??@ 2 8351984 racppmauats of e Spmocess gas
from epdrteaﬁgqowfem%esso@a@uwﬁfrmss@ﬂ getaionltlls @SR, i,! uoride in HF traps
32 reacts \é.\n h the trace armtdg# g?ﬁ?HF fo trap the BF and renpve it from
t he proces achggm‘?‘?f g8 grgratigirell 49 63 DroopRIsddP & PresshiE seesingyt 16 Papcogimg t he
embodi speemo0. Prassura vensiolg rfitel 6 eositdrythesiestuomietin Dfrodedsibeiictaieh @RNLr ati on system
10 req [ ener at e maj nt aj n t he contai nnent
S TR R o oo el e BN ok bR ot ¢ o 1
operat m@hngwﬂtﬂﬁlgh P@bﬂ@@a&rs&m@lm@ykﬂwmmtshayn,thetéllsﬂhmapﬁtheﬂthE trap 32 (or
ot her nj f conbi nati on
i i S keaig GO B Rl Al 100 R BB BE Db A 4 Brfing ehptding 00 o bl o
t o r outlBtoghodeshalytg adthin thsriank. Nlthbﬁahmccg@tmwémﬁhahe omad:tb fidoging gbneratﬂr oper abl e HF
trap 30 ik de Wﬁm@ﬁgcﬁﬁﬁﬁﬁéﬁﬂeﬁ&esif& ieoco%ﬁ%’o?gﬁ ﬁ&ﬁlﬂ e the

descriptjon herein is nade referenc uo¥|
gener a't‘ir@ﬂmd iy using copling P’é‘??ﬁ‘l'%tt@és Rlased in g llsptropitaf emdechalytvas]] eaifor bxe g e ner at ed

usi ng .tdaﬁng&nammwamosth@aegﬁagnmlhod and system |In operation, the F2
provi ded t 32 contains trace anounts of BF, which are renoved

by the HF ﬁ%‘gf@“@‘gﬁg : g‘ghi"ﬁ?gﬁsf g7s eraieasilihatong ydragen quiput ke 2HF trap 32 can
bec onmeCestined afrdesken Hypuk h@dd‘rem\é@ﬁleh‘lﬁ) and ifteenBEHI F @R cadhydfided daGAl IRE T egener at ed
10 cartbBotar Y ER R s e et ae b {aved e rar phem s
' and then to service ventilation system 26, which exhausts the H, to the outside atmosphere.
E;, including trace amounts of HF and trace solids, is output from process gas generation cells
14 along process gas output lines 28 to a combined process gas output header 30. Each process gas
generation cell 14 can further comprise an output manifold 34, shown as a separate unit in FIGs. .1, 2,
and 3, but which can be integral to a process gas generation cell 14. Process gas (including Fa) flows
through an output manifold 34 before being directed to combined gas output header 30. As is more
clearly shown in FIG. 3, process gas generation system 10 can further comprise various valves
operable in various open/closed combinations, to direct process gas from each manifold 34 to one or
B another (or to multiple) HF traps 32. Process gas output header 30 is coupled as an input to each of
multiple HF traps 32.
Although FIG. 1 shows only two HF traps 32, embodiments can comprise multiple HF traps, as

may be desired for a given application. The process gas is thus output from process gas generation
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. and can instead

trap 32, e.g., a secondary BF trap 32. Process gas generation system 10 can
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ni trogéen purge can t he HE tggpsis 32 have reached the
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t he O\w&@lrémmmﬁssshegﬁarapgzmmh b@ﬁgeﬁbf&tb&m&@n it afidnl then ihlae HF traps 32
are replaced, it is desirabl lg) léepuoﬁI [Qces g‘% ener at system 10 to
r empv &Ry PROEHT SETISRTD sy DA ecroniie %’ﬂ‘&eiﬁ/ B fBuaﬂ‘& open.

Ret ur niap @2,R@\Wa s@oddhiaHF Iirap a1, Proeesogat ganérativh sBlem WrcapbusIBytinnotoepadtar f |1 uori ne

gas, incl udi.n I of trace solids, is output through out put

fil terwqég&ﬁrqﬁg%fgal %é%lregogrgtf‘fher a low pressure buffer tank 40 or directly
to a corrprl@gemlation&ﬁtam%ﬁanﬁesecomnﬂm@irmmgsoaium tehovapproximatpgpélld vel y, in

FI Gs. . 1 t f omfilter
36 ancﬁl%?%e?\r/‘% %iah&é? ﬂ%rqg?sgﬂgor%%dﬁl& %{{’es %gﬂl@%g ggflrrkefgnt%lpe controller
38 canr ggngbempreo éwe%sslm@asmgveh wheataingxi HEdtap 82 momﬂﬂ samrafedy he systemesen beon process

- gas dg d@a’%kfﬁq 3?7tﬁbBi@ﬁletﬁbq}éit}ﬁ(ﬁabmspe%@rﬁﬁ%emwtéﬂcafn fiel¢ 40. F2 gas

IS provided to O throu ressure controller 38, and
f r om Isitehdregksand f@h@@ﬂ?@r}ﬂ’tt@ﬁk3-4’0th°‘ﬂzﬁwpt1ng the process gas flow.

Embodiments can include, as part of a control mechanism, a switching mechanism to insure

that the process gas is directed to an operational HF trap 32 at any given time. Process gas generation
system 10 can further comprise a control platform and switching mechanism that can detect when one
HF trap is full and switch the system to a standby trap.
| As part of regenerating an HF trap 32, embodiments of the method and system can purge the

HF trap 32, once heated, by generating a vacuum on the trap. This process is unlike that of prior art
systems that purge the HF trap 32 with diatomic nitrogen (N,). .Purging with N, can introduce
contaminants to the process gas and thus dilute the process gas provided to a process tool. Providing

~ a pure molecular fluorine gas product (or any other process gas) to a pracess tool is very important to
the semiconductor industry because even tiny amounts of a contaminant can create adverse results in

a fabricated product. Embodiments avoid purging HF traps 32 with nitrogen to avoid introducing
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provi ded to conpressor 42. Conpressor 42 is coupled to | ow pressure buffer
tank 40 and, at its output, to process gas storage tank 44]] Kagpogssor 42
conpresses the F2 gas to, for exanple, about 100 kil opascals (KPa) or 15
psi in as storage tank 44. From process gas ank 44, the
processgégéﬁégﬁgbe provi ded to one or nore process t&%ﬁgkﬁg 9%rocess gas
feed line 46. Process gas feed ling 46 can be at positive pressure. Qutput
filter 36 can be a nonel filter or other suitable filter as known to those
| NGmplies 1o GAFRCES 3 andl GNP IR AARTRSEr GAMI Ok sgomPr essor . Cel |
pressure control can be any cel pressure controller as known to
those‘Wﬁmﬁﬁ%ﬁgPﬁeHﬁﬁﬁhﬁhgh not shown in FIGs. | and 2, process gas
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speed-contro ntain pressure at process gas |on cells 14
at a $8d2.vAg shewn iphil@H, &1§Wdl§egaé|*5twwweﬁ’qm Rlteriet and Wﬁe@dﬁwll arequ!@e n

appl i Gaidofs- 38A@cll PeilrGontolleP T & R prdobsd BlsizBRrad ei]sslttrb'ﬁ od {#aflsdar om process
gas storage tank 44 to one or nore process tools via process gas feed |ine

46. TI98 PERESSEASHERRIng apmearedat thy ingy do lzwmssufﬁrbafﬁrd@k 4 reesdsrgddedio process
t 00l S patferdanR @8 itdu Ecenrpmwcemffér@s%&ﬁ&aﬁn &ﬁ&@&uﬁma@aﬁt@m 10 of FIGs. |
and 2 SUBSTI TUTE SHEET (RU %61{5 Na%]e Vo) 03/ 046244 PCT/ US02/ 37912
- 12 cEPVERLE cPRRESELaC ‘éJB"\’KEF‘“ﬁ §Pypledd Hp’éésuﬁ &%t%f’qa“ t%hiee- phase 50/ 60

hertz oedpetg:trorpmeds gmmrge Al ompreksort4Q chriibsked the @, £ tol fof dbmple\Bsutt O t he

el ectr of rocess n tion system 1 di ments of

he” bR lorsRPRIE Ty RS B e tRe SRCH Bt Bt ionb A 8 1 pr cooss
gas peamesspodack ﬂiﬁudﬂd toonobrivgite Pocosecds iRRomats gas fedllingde Padsese gasf Or  exanpl e,
.at a rf&)&'lﬂ%%‘@c%ﬁesﬁ Bsﬁwgéressgxgprom mately 80 Pa or 8 mllibars gauge

pressure npr ess 50 of FIGs. | and 2, respectively, can be
conf i gur edutrwt filter B an be 4 heneblilssather smttabﬂrrfdmmm@msto tj;eseérthﬂrbn cells 14 at
or bel e~fil f m pr ocess
gas gonpretsSPEh pPLBTSHE EechBorRE Mk SR coRE R B B S B
suctl@FF%B?MB‘N“FW}WW@?“@%&W e, approximately minus 50 Pa or minus 0.5
bars gaugeiinbGa abtsfovnl R FIGES REBQHEE sg@r(era%&rﬁlstém 1 QRcRES@he 42 1S | ocated

between a | owpressure fluorine buf er upstreamo |ts inlet and a
hi gh gpe@enly ueppiping aunpgupsts 8¢ Moy thospir theps, yelvas sagrlaarvalyps, peekpotut | et . Cel |

Pr ess preSufeaishidabeSiherdial doffles histellzhkoud BRdrS RFRRE poif¥h B SRR, Ridfal er

valve control system. The valves can be air-operated valves as known to those in the art.

FIG. 2 is a simplified block diagram of another embodiment of the method and system for
providing on-site generation and distribution of a process gas at or near a fabrication facility, FIG. 2
is in most respects, identical to FIG. 1, The notable exception between the two figures is that
downstream of butput filter 36, F, gas is provided directly to compressor 50, and from compressor 50
dircétly to process gas storage tank 44. Compressor 50 can be speed-controlled to maintain pressure
at process gas generation cells 14 at a set value, which can be arbitrarily determined for a given

~ application. As in FIG. 1, molecular fluorine gas is provided from process gas storage tank 44 to one
or more process tools via process gas feed line 46. The embodiments of FIGs. 1 and 2 can provide

proces_s gas to process tools at a positive pressure. Process gas generation system 10 of FIGs. 1 and 2
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tank 40 can be set to cycle (e.g., vary the punping rate of) conpressor 42
only when the pressure as neasured at process gas generatidnMaeR0® 14 is
above a setpoint determ ned to ensure that conpressor 42 does not continue
to opergf el ectrolysis (process gas generation) % This set
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conprise a fluorine gener %g&ed |nmg@&bﬁe encl osure. The encl osure
can cOMSFRTaRIe, Be gebt)apRigx %’b’mﬂ“{ ER EeEESErEM% to maintain air
flow tdmmte@or 411h@cﬁdbiﬂilﬁttam fraﬁﬁun&atamqir@surﬁiuff& 1MR140 Cinll Hene at plopYsOes Mt el y 45
to 60 net e@ E)) 5{1' or 15t0 I Q ‘ er nkn te at any cabi net
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vacuum sour a Vi n the capacity
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rel ease up t he maxi num anount esl g be present at any tine
in thé‘OTQfé?Térléﬁ bﬂog@ﬁ“ PR, dihodiments ﬁm&l%m)@c@aﬁﬂ’ ¥ hperrestpue Balthnet havi ng
an | NYQemat 100 phayResiiaPRGEIR, aSUAHIRS thth 1PN Br villibesodam depial rel ease of

process gas. For exanple, one enbodiment can conprise a fluorine

abateﬁ%‘?ﬁm‘??%‘f'@ﬁ“PF%S) placed in line with the main house exhaust of a

fabricati gngfagi $lightly mofd\Rtailed block diagram of an embodiment of the system for on-site
generation and distribution of a process gas. Process gas generation system 100 of FIG. 3 is the

equivalent of the process gas generation 10 shown in FIGs. 1 and 2. Process gas generation system
100, however, includes various additional components, as known to those in the art, for the proper
opcration of a process gas generation system. These components include valves 110, pressure
transducers 120, thermocouples 130, level sensors 140, sample cylinders 150, filters 160 and vartous
interconnecting piping and manifolds. FIG. 3 is an exploded diagrammatic view of the simplified
process gas generation systems 10 of FIGs. I and 2.
- Other embodiments can comprise a fluorine generator housed in a single enclosure. The
enclosure can comprise a cabinet coupled to a vacuum source operable to maintain air flow through
the cabinet, for example, at a velocity of approximately 45 to 60 meters per minute or 150 to 200 feet

per minute at any cabinet opening. The cabinet can thus be maintained at a negative pressure, The
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effluent gas streamfromthe fluorine generator cabinet can be configured
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forwarded through connecting piping coupled to cabinet 200 to house exhaust system 250, House
exhaust‘ system 25¢ can carry cabinet exhaust 240, as well as various other fabrication facility
exhausts, to the outside atmosphere. House exhaust system 250 can pass through various othér
filtering components before i!enting to the outside atmosphere. House exhaust system 250 can
~comrespond to, for example, service ventilation system 26 of FIGs. 1 and 2,
The embodifnents of the method and system for on-site generation and distribution of a process

gas contemplate that there will be no purposeful venting of large amounts of a process gas io the

~ atmosphere, As shown in FIGs. 4 and 5, there is no purposeful venting of process gas (F,) into either
cabinet 200 or into the room housing cabinet 200. For example, when switching from one HF trap 32
to another HF trap 32, vacuum is pulied on the regenerating HF trap 32 and minute amounts of F,

~ from the HF inside HF traps 32 can be Brought into exhaust 240. It is contemplated that the amounts
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gas are not dunped into either the room containing cabinet 200 or into
house exhaust system 250. Under normal operating conditi ond, Mo i s no
substantial anmount of fluorine in the atnosphere outside or inside of
cabi net i ng process gas generation system 10. sensor 260
can be tg‘ép%(]?%g%ontrol nor mal operating val ve 230 an(})cg‘ﬁéﬁ% ﬁ@y exhaust
val ve 270 to determ ne the path of ;,he air flow of cabinet 200. During
nor mal operation, exhaust 240 passes through normal operating val ve 230

bef or eof@‘?éﬂﬁ@b%u‘@ﬁﬁﬂ@%&&xﬁ%h@gﬁ @m&&&@zi,@%ﬁﬁqgmcg?%ﬁen atlone OYEYeL, fluorine.
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gas lea can then be i

—

entified and repaired. A fabrication facility emplu)nng an embodiment can
thus be relieved of the need for an external exhaust system and its associated external abatement
system because the abatement system of cabinet 200 is capable of containing any potential fluorine
gas leak from process gas generation system 10 within cabinet 200. Embodiments can thus provide
the advantage of an in-situ emergency absorbent exhaust system that can eliminate the need for a
dedicated external exhaust abatement system. FIG. 5 is otherwise identical to FIG. 4 and is intended
to illustrate the different flow path of exhaust 240 through absorbent packed exhaust 280, as oppbsed

. to through normal operating valve 230,

| Fluorine sensor 260 can be set to detect a threshold limit of fluorine, at which point it will

switch from normal exhaust mode to emergency exhaust mode as described above. For example, the

threshold can be set at three parts per million, or other arbitrarily determined limit as determined for a
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~-15 given application. Wien the threshold fluorine limt is exceeded,
fluorine sensor 260 can cause normal operating valve 230 txd Mkpgedend can
cause energency exhaust valve 270 to open, thus redirecting the flow of
exhaust 24 rpugh absorbent packed exhaust 280, whi ntai n enough
~absor be%%ﬁ'ﬁ‘%ﬁoal (e.g., alum num oxide) to neutrali %@@37§%uorl ne
present inside of cabinet 200 (i.e.,. released fromprocess gas generation
system 10), plus a preset safety factor (e.g., two tinmes the total fluorine
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tools 350.

Negative pressure multi-point distribution system 300 can also comprise one or more process

Q

:!

gas generation cells 14 for generating and then supplying, as described with respect to FIGs. 1, 2 and
3, purified fluorine gas to negative pressure bulk storage tank 310 through feed line 360. Although |
greatly simplified, the portion of multi-point distribution system 300 within the dotted lines can be,
: for example, cabinet 200 of FIGs, 4 and 5, containing process gas generation system 10 of FIGs. 1, 2
.7 and 3. Although all the connections, pumps, filters and manifolds of process gas generation system
10 are not shown, the samé system can be used to provide a process gas to negative pressure bulk
storage tank 310 via a feed line 360, |
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Miul ti-point distribution system 300 of FIG 6 is anal ogous 1ioMayQo@ss gas
generation system 10 of the previous FIG 5. The enbodinment of FIG 6 is a
scal ed r n with the negative pressure piping rtion (e.g., the
section“ﬁoe%é\%é% ‘Pcell pressure controller 34 and corrprl%%ggpz‘%%&of FIG 1)
stretched out such that a nuch Ionqgr negati ve-pressure piping run can be

i ncorporated, The positive pressure lines fromthe outlet of conpressor 42
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As shown in FIG. 6, process gas generation system 10 can be housed in a cabinet 200 with its

own exhaust system 380. Inside of the cabinet is located a relatively small negative pressure bulk

 storage tank 310. For.example, negative pressure bulk storage tank 310 can be a 200 liter storage
tank. Unlike prior art systems that require a very large storage tank that provides process gas at a
positive pressure, the embodiments of the bulk distribution aspect can instead provide an individual
tool compressor 330 feeding a positive pressure storage tank 340, which can in turn provide process

~ gas at a positive pressure to a process tool 350, Each process tool 350 can thus have an associated
compressor and small storage tank that can provide the process tool 350 with enough process gas to
run at peak (e.g., approximately 20 liters). Positive pressure storage tanks 340 canbe srzed as desired

for a given apphcanon (e.g., approximately 10 liters).
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gas at a positive pressure to a process tool 350. Each process tool 350 can
~ thus have an associated conpressor and small storage tank tihy2ess provi de
the process tool 350 with enough process gas to run at peak (e.g.

appr oxi 20 liters). Positive pressure storage tanks 340 can be si zed
~as desi 5@1“3’14%2?4a gi ven application (e.g., approximat %TWS%”PH ers).
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nore large fluorine generators feeding nultiple process tools. Cabinet 200
can house a process gas generation system 10, as described with respect to
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generation SySt eml
gas generation system 10 is operable to shut itself down once a preset pressure (e.g., a positive

pressure) is detected at negative pressure bulk storage tank 310. This ¢an be accomplished, for
example, by use of a pressure transducer cdmmunicativély comnected to and operable to shut down
- process gas generation system 10,
Referring now to FIGs. 1, 2 and 3, in contrast to negative pressure multi-point distribution
system 300 of FIG., 6, and to further explain the operation of the embodiment of FIG. 6, in FIG. 1,
process gas generation system 10 comprises a positive pressure delivery system through output line
| 46. At the outlet to low pressure storage tank 40, compressor 42 is puliing a vacuum on low pressure

storage tank 40, Process gas generation cells 14 of process gas generation system 10 generate the
process gas at a low pressure {¢.g., approximately 7 KPa or 1 psi (8 millibars)). Cell pressure |

controller 38 can measure the pressure at process gas generation cells 14, and cycle the process gas
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Referring nowto FIGS. 1, 2 and 3, in contrast to negative pressure

mul ti-point distribution system 300 of FIG 6, and to furthevagzgieai n the
operation of the enbodinent of FIG 6, in FIG 1, process gas generation
system rises a positive pressure delivery systemthrough output |ine
46, At t"ﬁ%&gﬂg@f%t to | ow pressure storage tank 40, cd’rﬁ%@%ﬂ?gﬂ s pulling
a vacuumon | ow pressure storage 'gg-nk 40. Process gas generation cells 14
of process gas generation system 101 generate the process gas at a | ow

press eﬁ'ere(tﬁag Qells ot R oPHiE B kdtnple, KpRgrambbiddSiic éo%trgsﬁeg %{,épgfs )o) o el | pressure

contrgller 38 can neasure the presstre at proces erafion cells 14,
and cy@Pen inike ag) el e Hovsefmptscrierimorpqmesio (RUrEsREYuffedtatiedp 52006 WO

03/ 0464fin el LlbSAZABRRLRAIves S HuenRgy At b@rﬂpr@s@ér|4§th9ﬂnﬁﬁ'lgiﬁ§)lt§l\zﬁge¥sju?e’ for exanple,
n

a pro ramm%g Iogic controller control system as 0 In the art) to
cont r GTor8R &K AR ASFOUMR| ecul ar fluorine gas to | ow pressure buffer tank 40

by  openi rgpripRedsos hD&h Ba dohtnibii chdle doapreesr, bkl thils, ik bFRRior Gan R £5SOr 42 thus

mai ntai ns | ressure stor tank 40 at a yacuum Conpressor 42 can be a .
cont i ndBYe a&’)@ﬁ’é“%%ﬁb‘%“‘é&i“&%??@‘gﬁlﬁ aﬁﬁﬁ‘%‘?m\“l’i‘géﬁ‘é‘i‘tﬁf PgHUedeih naintain a  vacuum
at | owppoxisstlyd 06 KPe @d&pdig) inkpré@ss\why stoaga taBlo44TRis pioddsd i @ pandp@&ityi Ve pressure
(e.qg., 0X] .KPa.or. 15 psi r S as_storage tank 44.
he pr SrsEBRESEhERLELs FOR PRt o B oo B RAE SRt e, 11 1
provi desdswraoif thenrigsuestaaiinlip ndddnfaed for e frods gantiéthe prietsuredad lbw-preSiedatfer pressure

i f th ' | QCcess S.. If .the pressure at
| ow p(r%(engé1 B?egéggﬁfg%m‘?g%%’% T g’%mﬁgg%? gés?)é?g]llpee\%se“fe C?Q?O ?r,g’séﬁopr oxi mately 7
KPa oreparalgio)rovide  bigys} o progese sasaerteragpr wster@ 8) and shuodewmat gas geoerpiicavi de a si gnal

O Pr OFRES, PRSis YEARE BhrleQke THREEMsHO AR pRAME AR BE; a0 b ' on
process. This is because a pressure chease insi de of 10w pressure buffer

t ank 20PoFss sehlempndiiclaer Ghan the Rrocesp gas gensmtioneate. dRepagsrckas aenérdige systeel® t he process

gas ges@irfolvRBechdt 6 pridiACiRS SasBaidd SRR oY £l 88riDre cji,,ﬁbe?,mﬁlgd down because
as pressure |ncr%fa$]§s i nsi d eneration cells 14, electrolyte can be

. e gas . :
pushe @t G hemelreunBiorpg g tddrack igiely pusidspd the prycesegrs gengiatnneall 14 out si de of

the p nmcm;mcg;ggasgaﬁ@ﬂ lcieHas, afelpiressm.msidv\bfﬁbspg'a%&&@ &4 depmad inc ][ Fas es, the
pressure. i'nsi rocess gas, st e tank 4 g\ecr es, causin ow i nto
D1 oc oduiigs B0y i BRESE et bl 3 RS oo resee ipBEaR AL Coprresaobulitow pr esour e
buf f ertank #@ téop#40 petssop$vactunpin@eses), end(celhpredsire LA 6IRASESI detedd the GRubmPr essure
contr n gsg t the vacu | ncr ease a\r.;rg cycle oce gas
gener St1Hk 88 ol pop S Erocialn 6% ook o g o G M 200 2.
Thi s ghsowsess cmmeped itsdfitcontingaisly icrentdl npeeatisd.y i N nor nal operati on. The
oper ati onqpf ;nedat i+ h - 00] di strj ' stem 300 of FIG
6 of process Ol%as e 3{3‘%& ?%ﬁ&egl?g? é#'tld% lebgt 50{1 ﬁ}(fge%]ajr? g#éﬁglglr]és&ﬁ)oc?sﬁ &%oper at i on.
Negat ig@eraipresystemd0 ik angtogeus dpethe epleti®] Dlegative frdseire Bulicsmage tank @pdnd t o
| oW PIFRS SUELcddpbE to lodifestile Qfttefthili0 ofFIGE éaf'zgxd%’ bupﬁ'fa 122erRcA QG scal e.
Each of the individual tool conpressors 330, which caf corféspond to
i nt er qAPe bgivishal sepbrompressors 30, @hich gan correspand tognterna) coraitcéseny 420fRIGuUM on negat i ve
Pr ess i3, RhknsSvAERBRN hepaivePiBsureARikA ok S AL 31024 VAR Yadium is |

maintained inside of negative pressure bulk storage tank 310, which is being fed process gas by

process gas generation system 10, Should negative pressure bulk storage tank 310 reach a preset

pressure (e.g. a positive pressure), as described above, process gas generation can be cycled off. Gas

generation is cycled off to match demand and to protect process gas generation cells 14 because, as

diseussed above, a pressure increase in negative pressure bulk storage tank 310 indicates that process

gas demand is less than the process gas supply rate, Once process tools 350 start demanding process

gas, a vacuum will once again be pulled inside of negative pressure bulk storage tank 310 by

' individual compressors 330, As the pressure decreases in bulk storage tank 310 (e.g., the vacuum
increases), a control signal can be generated by a control system to cycle process gas generation

system 10 back on and restart generation of process gas. This can be accomplished, for example, by a
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mai nt ai ned i nside of negative pressure bul k storage tank 310, which is
being fed process gas by process gas generation system 10.11Sh@ybdogegative
pressure bul k storage tank 310 reach a preset pressure (e.g. a positive

pressur scri bed above, process gas generation ycl ed of f.
get it it

is cycled off to match demand and to rocess gas
generatlon cells 14 because, as digcussed above, a pressure increase in
negative pressure bulk storage tank “310 i ndi cates that process gas demand

is les e&ﬂ@ﬂaﬁsﬁlﬁe&%ﬂﬁ;ﬁxﬁ&h@éﬁ?eoﬁﬂ&ﬂhK?tfnﬁé Stive %&Esﬁrel% lggtg%%ei %%11%“3&0 start

dermandi ng process gas, a vacu nce agai n I fSi de of
negat|Wécﬁﬁ'%ﬁiﬁﬁfﬂéﬁbﬁp%ssﬁa%e&@'@oﬂ8}'1"!@1'113190 by |nd| vi dual conpressors 330, As

the pressupgvides Ec%ﬁé‘o%rebs@rst?:w dn SdcR pRGIe 4 ﬁ%lﬁveéﬂ%s&@at their oﬁtﬂ pjacuum

i ncreases), a control g can be generated by a contro systemto cycle
pr oces&os'&éi%pfﬁsé'ﬁ%f’t%rta$edﬁ“‘3 Q/s‘?l’é’ﬁ*?'w BRE3s B eprdtionsystent 10 vwyiineoebingt 8 of process

gas. T:bb@mem bpeaea:ceesamlemsdae&fpre&s@fe 18 IPheativOpreRurobiBShbrddd Uk SHEET (RULE 26)
y. 2006 WO 03/ 0462 4 CT/ USD2/( 3791 9- pressure_ transducer

11
com*run%> GSive RFETYE B AR A BQE"?"@%“‘BP@E%W OB PRPresetsiEa® & ank 310 and
to th@veﬁ@ﬂérﬁttbhtcﬁ@lmbtﬁmtcioﬂmsmr ocess gas generation system 10. I ndividual

to’a Cpoui TFyeireenreRyR R Ml e otmegts Seretiot sttsueons O
gener afor omsits gekwtionldd disttibution aiaammeds g&08n prmsde(no advatthde@Ominmitibethe
1 AR e e pRRCe Rt oRESARN Rl BRbAR lep B piGcRIEETNE ik 5oL O ma® AN

310. e pr or age B
neces sragujred aphihsreiore thercowespumndiga sonfpler and exganmmb@tpremwom ntw@ssary ir ocess t ool

350. Téaau@@lgﬁﬁe S¥ifire e&ﬁe%&tarﬁmﬁrylam caly B4 Abrdieitatel aRUHgQ&g]Iuﬁéﬁs gugpbodi ment s of

the method and system for on-site generation an S fbuticon of a process
gas caadventagy isdhat ehovadcad mrosesegas flisibwiiondings A2 cembe undérrecuwh (ichet apr ocess gas

St or agRedtAR Kresshid). Imnersmrdb?eai, n%)é%&lﬁ@ﬁonr@(Jr%fh%r&ﬁs@‘gﬁf&dgg&sﬁ{n% age tank is
not reqw“%@d and therefore the correspondin ex and expensive

abat e %%%G%%W?Wbpre%tﬁgwleﬂq%m{c Fﬂ&“’éﬁ‘ﬂa 9fé>e@mpelmigutof such a

tank Gign aIsbriefidh fa&x'htyZ&dm&ﬁrﬁl aoSR ofPbrodeSiad ik BEls exPosbd4b kR@FmosHdNARL 20€ 1S that
all overhead rocesEthgc)s1 i,stribution Iines 320 can be under vacuum (i.

at a AUHAIIEilLy sw e‘"ThPusﬁa]?afcﬁ’ém§¥fffﬂ‘ls gendpudlasuchagelessel ar £ 1 uori ne (or

ot her pr OCMimgl&tﬁl)!alﬂm&sﬁﬂoEMS@&hﬁhh& its GMBABIndWiwlith itb@mﬁdulﬁleﬁﬂégn ek a1t 0 negati ve
pressure st qQrage.tan nst ea ng expel ] ed o to a

fabri cd d“eﬁl TR ﬁ’sﬁfcﬁ&’ %{ﬁbalﬂ? %%“ag "bar"gtc,sésé Yjithin 3 ‘éag‘f‘ﬁﬁb sexposed to

t he atarspsepiomhede&inbai mﬁahgardsa:tm@n 4 halch, tantby progideihat éablagrodelsaad] anohouse abat enent
Syst enfq; G m&&; rﬁ; éfs'tﬁvﬁ\? tfcﬂ ealgcﬁgl%ge%&ool% th'lts %ﬁa}@d gq[o?co ﬁgsﬁeﬁg a\?_'(P 350 can

have its own ca erren di rect exhaust
t o an stoneek tank é40s0en thubherprovided toagumalidedhe Pa)ccﬁb:ladssiaschazum eglypesdivewi t hi n a

cabi ngﬁesaQstragma@o/'ms&e)meg@@&sés%% Ibhbn180356 S e Hee ok 2Nd 5. can be

provi ded at edch process too atene stems for each
pr oc e S¥L3FPres3we axeid the pessibitify dkabeiproessy gat@hﬁp g@sacfpbr@mn&qdhty wsntl otcage tank 340

can t hyten Ratle BéisHR Bulk Qo B ihdidhb. ZRaitilA REIREETR pOative el Lot Bl €ach
posi ti 348 eliminate the pressurized source supply line requirements of prior art systems and their
o corresponding, expensive abatement systems,
Process gas generation system 10 of the embodiments can be sized based on the needs of a

particular application. For example, one embodiment of the process gas generation system 10 can be

sized to produce approximately 700 grams of process gas per hour. The process gas generation cells

14 can be, for example, 10-blade cells, 30-blade cells, or 150-blade celis, depending on the

application. The embodiments are directed to minimizing the amount of process gas storage on-site

~ and further to delivering a process gas, suchas F,, on demand. Thus, the embodiments of the process
gas generation system can deliver, for example, from appfo;dmately 0 to 700 grams of a process gas

. per hour. This means that they can generate process gas in amounts anywhefe up to their maximum
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pressure storage tank -340. The overhead process gas distribution |ines 320,
because they are at a negative pressure, avoid the possibillikny b a
process gas release into a fabrication facility will occur from negative
pressur orage tank 310. Individual tool-specif] |t|ve pressure
storage%‘f&#ﬁéﬁﬁém elimnate the pressurized source & 515 ?lﬁe

requi rements of prior art systens %_d their correspondi ng, expensive

abat enent systenms. Process gas generation system 10 of the enbodi nents can
be sizg o) $tfe AEGES DRbard, in BT I L. exanpl e, one
enbodi rrgdr???o?&t l(E:k[:)roecess gas aen}grat %an;bgggésﬁggngﬁ@g@&&%w“h %ed to produce
approxﬁuﬁﬂl’bﬂﬁyamthg?thqﬁé‘mtgﬁ%%&%QFO%%EBMGTHWMW‘W@ process gas generation
cells 14 q r&ﬁdméﬁosiﬁmgﬁe stt;f&él&kﬂ@ﬂ@ aﬁ@én 1§dm§9[t@$l%§rﬁpré§§;‘rh@ P! 150-Dbl ade

cells, depend| Og plicatiaon, are directed to
mi ni i SAFHRyecHdo P&ﬂ;ﬁ'ﬁ CIB?DdWB‘ee@Ee ‘y&%dlsmbawwg@eewmswédc thersbilitvie t her to

del i vefeling pidcdds £6 68 en@iband Ftahe ﬁ@orﬁ%fa%csé@g@%l Halgndertn u&‘e”rbodl nments of
t he Process at.l on system can del i ver, or exa from

ener

appr O>BRaIrG MOSHIroy R e R s s 1 AP GEFSiIIo BagRPIOpftIpol S5 Pesifgans t hat
SRS TUTE, SR { RULE 28] L1 Vo 2056 00 031 046ahh BT USs, 37012 - 20
capacﬁ?(brgg%‘eéggﬁalf‘% gy e‘f‘ﬁé’ Wﬁ%fpoﬁevﬁﬂﬁﬁfmsf?qgﬁ?ﬁ‘ AR @M asur ed by t he
pr essyressuwt €. to itdivdualdond pdmprdssonseid 0)a e dmltﬁnrpnset hﬁieﬁ\teﬁﬂ?gﬁuﬁe@lfﬂsﬁxr@f th te

‘proce y P gssure storage
Pank TS aAERploRkt AR 3 ShATkARan Bl A b s ROS e R BIRESS £ ool a0,

"t he erf30dirsafety reasohs, Pﬁlléhtbmmet@MEFmeeoh aspect can provide the ability to
del i ver  Driog EaihBRaof: ASERICANL oLk ubPE0TRL B hital o8 BRAGERS 025 DI PI NG

run, under negative pressure rocess gas at a
posi t i338 cambedausedewithin eengle yit eféaehd diasthy tOBEBGWeSP@Qll 359. v@Mh@xee@@mM]br ocess gas

i's deldoighad u@ semnavimbbaeﬂeﬁls}steﬁl e%%evfohsv;ﬁdlmséas %ﬁm%&@!r@lgg tank 340 to a
process tool whil e being delivered to the vicinit positive

press&P@P@is%é@@‘ﬁtafﬁﬂn’@‘@ﬂf(ﬁnﬁﬁp’@ceﬁset@@ﬂaw ustfh essure (i.e., to individual tool

CONpr essorgis 313&))60t aﬁmemmbmmmm&emmtd S5y folGh-sROSendrhe8 20 €SSUr e
proces st pr ocess todo 350, .whi | e mai ntai ni ng negative pressure in
ughlonplp P 5y

proce B4sy 895 FoeRvide 7 mofe cad pampget ponieansmeat vesgliorhraslowe et by t he
engodllm&ﬂdg &socglted iwath pmeﬁsegnpgmmbnt Hadardouspigitld rieyifre percaglzsfy E@htaﬁmmage t ka 340
and an_i ndi vi dua pused within a single unit
attac ﬁr@ 8?"1\5'81&911 t‘frﬁﬁe T%’ pgggcgssgastgg&?fa%é%]d 0?{%5%‘]?‘?5}1““@5@}?0%?? unit coul d
have "ielestraymini anitjiridistdgeaturiegomt realepetatioytbd: eviil re@ﬁt‘epﬁc&ﬂh@lﬂ&itdﬁuﬂhﬁcussed A unit
conpri , n and a process t may be
iscd, Spiotff sofERLEGAGHs or e Mol 51 RREAR e ol R SRBmEot em 1o
on- si ﬁﬂ)ltgénefoal{llﬂ@notéwduchdﬁ\sqertp bate tham. Gihe emipdinsets somlate(a liguidtiglde for a
Mobi | e AN U RSer r GAURATE e SBARR ckiPhrollA% 2 HRUSS ods LA < ?SOC' ated

with procéss gas g rati'oh. Hazar dous IC]UI equi Fecsecond
cont ailAmEhg outer geplg %@WW@ﬂﬁastaﬁdS@P’@ﬁﬂa'gemalfﬂh@tmmewsgd‘sppgienerators 14 of

the e mf@m Pro@ @S RRLAoR cN4. This configuration can eliminate the need for a dike,

such as that used in prior art methods and systems, and avoid the manufacturing problems associated

with such liquid-tight enclosures. The secondary containment system contemplated by the

- embodiments can be equipped with casters or other such rolling hardware to eliminate the need for the
additional working space required for a forklift or other heavy machinery to install or remove process
gas generation cells 14,

FIG. 7 shows a containment cart 400 housing a process gas generation cell 14 containing

electrolyte liquid 410. Containment cart 400 is sized to contain all of the electrolyte liquid 410 inside

~ of a process gas generation cell 14 in the event of a leak or other rupture. With reference to FIG. 1,
HF is provided as an input to the electrolyte liquid 410 to generate, in this case, F, gas, which is
output along with trace amounts of HF and waste metals from process gas generation cell 14. In the

embodiment shown in FIG. 7, containment cart 400 surrounds process gas generation cell 14 of
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el ectrolyte in a liquid stage during normal operation that wll require
secondary cont ai nnent . Secondary contai nnment systens of thg Ma!yqo()@art are
| arge and unwi el dy and require heavy equi pnent, typically a forklift or

ot her suych deV| ce, to nove them The enbodi ments contenplate a
i qui d- tYQMY96248 eq) ed, outer container (for exanple, MNEUHS % nless
steel ) around each process gas genezratlon cell 14, The outer seal ed

contai ner can act as both a secondarly contai nment system and as a shi ppi ng
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subst A htﬁ)l Jaz){ b@t!al.lse?lxc nt:Ja?'oreéldﬁ{(é ﬁlégleﬂﬁat@ gﬁfoﬁed%#gctlé'ﬁ‘lltg ITQC% kf 28(9 ntainment cart

400 is shown ' as a rect ari ous e used. Cont ai nnent
cart 4:@Galelagnp119eesm@|genmuca Sm@neltﬂl Hyrthet, bmamnsntsmbéﬁ()am bealzb@zto capaurt to the
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Containment cart 400 can also function as a shipping crate. Containment cart 400, for
example, can be manufactured by welding together five pieces of metal to form a rectangle with a
floor and then covered with a removable lid 460. The bottom of containment cart 400 should be
constructed to withstand the weight of process gas generation cell 14, Containment cart 14 can

- comprise a level sensor 430 for detecting the presence of an electrolyte liquid within containment cart
400 to indicate that a leak has occurred within process gas generation cell 14, Level sensor 430 can
be located within a sump 440, shaped to channel spilled electrolyte to level sensor 430, Supports 420

| can be included to support process gas generation cell 14 within containment cart 400. _

FIGs. 8A-8C and FIGs. 9A-9D show side and top view perspectives of one embodiment of
cabinet 200. FIG. 8A shows a view and front face elevation of cabinet 200, in(;luding touchscreen

810, viewing window 820, and vent input grills 830. Touchscreen 810 can be an interface, such as a
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steel, nickel, or other suitable material. Containnent cart 400 of FIG 7
al so conprises rolling hardware 450, which can be coasters,11 vagebss or

ot her such mechani sns as known in the art, to provide a neans of
transpowd 8'4 gont ai nnent cart 400 by a rolling notiaon, Unlike prior art
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i nterior coriponents of process gas generation Sys 9A is a plan
vi ew FNGR sysiera torpsgyidsstaiuaistlipation o0@y etntioliveramesers t Tho korgpbsysem physiclccess door s

910 anehighRibedBRd INEoRP sysR 2MRihg @ik change-out of key components for

maintenance and breakdown purposes, ensuring the mean time to repair is kept to a minimum. The
main control system can be housed on a single control platform located at, for example, the top of a
space envelope defined for cabinet 200.

' A safety interlock system, as known to those in the art, can also be built into the embodiments
of the on-site generation and distribution of process gas method and system. For example, abnormal
and emergency conditions that warrant a more reliable, higher integrity response of the control system
than that afforded by a programmable system such as a PLC control system can be designed and

_ implemented with the embodiments. The design and implementation of such control systems is well
known in the art. System architecture and components can be designed to allow for interconnection
of external systems and for future de*?elopment of control strategies for a process gas generation

system 10 in accordance with the teachings. A single programmable logic controller can be used to
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cabl e gl ands and connectors 930. FIG 9B shows a plan on top of cabinet 200
with the top of the enclosure of cabinet 200 renoved to shpvMaheodateri or
of cabinet 200. Simlarly, FIG 9C shows a plan on the process gas
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May 2 7912 rovide the jnstrynmentation

i nter 19 g% %ﬂg%ﬁﬁgﬁl% Fg @r% FOhC b} Sereles @P‘&““aﬁ gE ‘élhm adP'Havrg’&ﬁd anal og

i nput thm@n@mmntﬂrawdhm@ehwmducmgaommnantssdt@me pro@ssegas; t3) thiembiligde a PLC

Pr ocess 8E ndd Scditpdt 891\4\{%{0r cgﬁﬁ‘lam!u){neg'g% ust Iﬂt@m%{ (gn %’TQ é Qlygystem

operator interface 810 can u5|n a sin 04chH® screen
nmoni t FeRtRYeNsREROY rbroaglr @@E%’El’%rlinateﬁél afig ﬂ)\iﬁta"@lémm@@re d@bﬁdn@n oPBO. The interface

can’ prapydristat Iﬁat&iaﬁ% the\ibifity & prBwﬁdﬁ:raﬁ R BnBhd Q.tgpl? bt atﬂ?&:es}g gt iy n%Lmt utilizing

sinplified flow di agrans and tables to d roc Ss streans to aid the
oper atfEFsE: &y §romi ‘némddyldd‘ﬁé%lgfﬁ‘ﬁﬁ?"@fsfﬁﬁg@ﬁlﬁﬁfﬂfem pogeseiopaychibatd) can

process gas under negative pressure in 2 supply line can still be provided at a positive pressure to the
process tool; and (6) providing 2 mobile, compact and self-contained containment system for
‘hazardous liquids associated with a process gas generation cell so .that the large and expensive
secondary containment systems of the prior art can be eliminated.

Attention is now directed to methods of generating and using on-site generation of molecular
fluorine. In one embodiment, the on-site generation of molecular fluorine can be accomplished using
a fluorine generator as previously described. The generator previously described is exemplary of just
one embodiment of an on-site reactor capable of producing F, gas. After reading this specification,

. skilled artisans appreciate that many other alternatives may be used.

A distribution system may be coupled to the fluorine generator and operable to distribute the

molecular fluorine to one or more pracess tools. Molecular fluorine may be used with or without a

plasma as an aggressive agent during a semiconductor process or cleaning operation and may be
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present the operator with a hone page detailing the main system equi pnent
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order to maxim ze process gas generation system availability. Enbodinents
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fluorine may be used In c tion on or other etching
conpoUrdy. be coupled to on-site fluorine generator 1001 via first distribution line 1002. On-site molecular

fluorine generator 1001 may further be coupled to second process tool 1010 via second distribution
tine 1004 and single tool distribution line 1005.

On-site molecular fluorine generator 1001 may also be coupled to a multi-port distribution line
1006 via second distribution line 1004, Multi-port distribution line 1006 may be coupled to several
process bays that use molecular fluorine for various fabrication or cleaning processes. For example,
multi-port distribution line 1006 may be coupled to a first process bay 1011 having process tools
1014, 1015, and 1016, The first process bay may be for thin-film deposition, ion implant, etch, or
lithography.

Multi-port distribution line 1006 may also be coupled to a second process bay 1012 that may
include process tools 1017 and 1018, which may use molecular fluorine. The process tools 1017 and
1018 may be coupled in a parallel configuration and may be operable as identical or different tools.

For example, second process bay 1012 may be a deposition process bay having a plurality of
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Some enbodi ments may include using nol ecular fluorine to reduce process
time associated wth fabricating a sem conductor device. Agdiaioosd |y, the
nol ecul ar fluorine may be used during the fabrication of conponents,
assenbl | jces, such as microel ectronic devices t ed
m cr oel g@f“r%ﬁ‘% circuits, ceram c substrate based de\?dg@"tggg# 1a’tt panel

di spl ays, or other devices. Many of; these conponents, assenblies and

devi ces include one or nore mcroeléctronic device substrates, Exanples of
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includes an illustration of a systemfor on-site generation and

di st rl?fﬂf“f%h el ecular  fluorine. The system illustrated generally as
1000, can Mnitlpod disibution }isd mesmlmm& Bdcofxﬂlé&%hmﬁd pIQREN Rt OB PRy can be

fluidl Idt dj st 002 and d distributi
e G5 iR s Bt B i et e B ia oo bl abr | cation
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devi ces such as gaa ar fluorine
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t ool , rfi-\OStem or cell. In one enbodi nent, system 1 I"'ocdt ed
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second;eﬂicstwddam{otmjacehamesw@é and SI ngI e tool -distribution [ine 1005.

OnS|tem)ll célyaﬁlhf uotrlneg ﬁfg %also be coupled to a

mul ti - por t8I°EP BEPFRIRT TaY/Ds locqispsit E@c% Jaa‘?"étoraupb%?%wthqtﬁe 1004.

Mul t i -spices, do gillrandsher emhmdimemeth&ﬂ(nﬁmawerbtﬁr moum}ad bt:mmwgeahce tms ocess bays

that I varl u fabr or clea processes.
" oot SfiecEPr G tRle, SR i ool e FaobBF itsor s s e BT & o 1 7 ot

pr oc ewcmwommoctsamphg dqz;m;!c é@’sr rewipigshis perifitatiohOkiflled atiginskippGeiatdinar i r st

pr oce%npg%errgﬁ%@g aﬁcﬂu@a?eﬂ'gﬁbl@' | m deposition, ion inplant, etch, or

I|thograpd% ort distribution line 1006 may al so be coupled to a
second pr &8s 'lb’{-iwﬂfe}i@ pceshiael havine anjintegraieddlupring goemtioncoll disiiBdtibnand 1018,

whi ch sfgem, US6. mﬁ&&a&@ ATubtAET d Rcess IR 1 gﬁ)ﬂ%&% lécglctLtﬁhejt? 7ﬁu%‘%ie 1018 may be

coupled in a parall configuration an d);g er ab as identical or
di f f e®8HTal4rg °°°~°l$(9?°l dly genexstly asrld 0y jrply Smlgh‘y-ﬂalﬂ!lwmetoa deposi tion

pr oceg$01syrabas dagbrae idistuRt filovindbr M%&b&%ﬁw%ﬁn&ﬁﬂﬂlp%c@s@ 11 May 2006 WO
03/ 04%%#&'&5({% lucgg %é 903313&2 to an accumulator 1102 that is coupled to a process chamber 1103
~used in fabricating a device, such as a semiconductor device. In one non-limiting embodiment,;
system 1100 may be configured as an etch tool capable of etching a substrate using molecular fluorine
~ as part of an etch species. As such, molecular fluorine may react with regions of a substrate to
provide etched locations of the substrate,
In another embodiment, system 1100 may be configured as deposition process tool operable to
deposit a thin layer of materiat (e.g., conductive layer, barrier layer, etc.) on a substrate. ‘As such, F,
- may be introduced during or post deposition of a substrate to remove undesirable contaminants from a
“process chambet associated with system 1100. For example, system 1100 may be operable as a

process tool, and may be configured to use F in the place of, or in addition to, NF;. As such, F» may
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- 25 deposition process tools. As such, on-site nol ecular fluorine generator
1001 may provide second process bay 1012 with nol ecul ar fluavapeodeor

cl eani ng deposition chanbers of tools 1017 and 1018. The cl eaning nay be
per for L n each substrate processed in a cha t ween each

| ot ”ﬁﬂ%ﬁ@)%ﬁﬁer interval. Miulti-port dIStrIbutlozqﬁyﬂg&%ﬁgg may further
be coupled to a third process bay 113 that may include process tools 1019
and 1020. Process tool 1020 can be serially connected to process tool
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such a)astfaa‘lssmmbia:m @eretaterandidistiiage mdlevuianfnoricafed thbﬁchtioﬁ groegzkadi nent; system

1100 may { t abl e f et chi ng & substrate usi ng
nol ecul ar b@f ﬁ%ﬁ‘lﬁd ﬁ&ﬁggen@rglpfa PS&& lgﬁo e‘#%?%p g%g’(? poust eﬁgmgﬁ%ﬁm 6% ecul ar f1uorine
may r aepdeculey fluprineafiizings ibforive ssudption processt Ghe @ ity poleraet whydte ldcaeddistains of t he

subst Ak Gximhite %@Sm‘ll ﬁlm? di f’gﬁﬂ; ma?Ml%tv%p aht %é%ﬁab@%‘? %9&]::4 &#‘55 gd as

deposition process too O&ﬁ deposi t mat eri al
(e. g. FMEURANE eongenitptippiaef molpgylan fblpnneasw an efepfrolyte nmcessasd@mhe@mbevem such, F2

may bethbmtfoﬁ@&g%matﬁlg bﬂoaegseeroPeehpréeaa% kitel g%mgb r nfly SHRSd LS dlE&:of nove

undesi r contam nants fro process er” assocl ate system

1100. 0?3@ ‘SQ%FHISI@%“O hdscefl BROCHEO ¥ "H‘ﬂ‘}‘bef nersplaluerings Ag suchropeeaore e, and may

be cortlisgl Belusedtolpferide desiribld VoRuneh SXGR1Rblar fRbrirefo A G hb® Probdds 103 As such,

F2 may Upon generating the molecular fluorine, the method proceeds step 1202 where the method

| distributes the molecular fluorine to one or mote 'process tools. For example, a distribution system
may be coupled to plural process tools and operable to fluidly communicate desirable amounts of
molecutar fluorine to one or more of the process tdols. As such, an on-site generator operable to
produce large quantities of F, may distribute the F; to a plurality of process tools operable to be used '
withtn a fabrication facility.

Upon distributing the molecular fluorine to one or more process tools, the method proceeds to

- step 1203 where a process tool uses the molecular fluorine during a fabrication process. In one
embodiment, a process tool which in one instance may be operable to use NF, may be operable to use _
molecular fluorine during processing. For example, a vapor deposition tool may use NF; during a

cleaning step to remove undesirable contaminants during or after deposition of, for example, a
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SUBSTI TUTE SHEET (RULE 26) 11 May 2006 WO 03/ 046244 PCT/ US02/ 37912 -26 be
used during a sem conductor process to renove undesirable cponkagioeats,
nmetal s, compounds, by-products, etc. which nay be residual froma
dep03|t|on rocess. |In another enbodi nent, system 1100 may be configured as
deposi ti'O% % M8%4ss tool capable of depositing a thi nP(FTégr%Fmé’f mat eri al
(e.g., dielectric |ayer, conductlve2 | ayer, barrier |ayer, etc.) over a
substrate As such, nolecular fluorine may be introduced during or after

t he de r e pan roma process chamber
assom@aﬁémeqm g“s%%]griﬁ%iﬁg'@[qﬁ%%ﬁgg&a@%{} mt atema{ﬂe m?“&?&fl uori ne may be
used tm®o equbﬁ%‘mnawﬂbm)@’me&iom@eﬁsahﬂmf vbmg ortaﬂtreicmmm atbio fitbtk and starts
to gerhe:{uﬁstngtep%rtekﬂ;ﬁéaﬁﬁglé afQRh it ptr&:eég% %Hﬁclfuﬁ a PdalifOR \%Erh' n the

deposited film In this manner, nolecular fluorine may e Used to renove
undesi P&BYIE todspRsH m‘hﬁ‘hﬂf“s‘m abstigics Asgishrroninminants fioyn ayarelnofispeciesr ot her

mat er i @loSiafed ¥ith fhe RGN PrRBss afap&&ssﬁuallmmmh@fkéc%nmr&eﬁ f}d?d?éé}ﬂ'ap nt, the
accunul at.or 1102 can g}cgilfltﬂ | ocal |y store nol ecul ar uori ne at the

* pr oces¥opRIRay thegde iR eﬁ‘iﬂ?‘t—?& Ellfaé’rberft? EleAnioREmpYs cutinagtsathialtarewher e
Wi t hi rteich@*n chhrakur (eOQ,tWaﬂﬂ hindied, bt ys s’ﬂlﬁld Ff th@WedutdohthiBini SRS Hed 9@ 2 1100 t hrough
t he d| B‘Hﬁt I on lnes. revi escr |%3ed Theﬁﬁpggess tool 1100 may

£ ur t noPn g SE bRl YR on B G o RER AL NGRS 0% and
r epl endhahbet foe cunphtar sdbsrqudnt processing. at | east to a desired level. FIG 12

illustrat t d b I I fl ' f
ot 2 R uRIAIOR . 5 SRS ARRL, A0 BI AL L BB EC I A, T e e T
syst ermanhéritbis lfaan@dom procﬁisSdeamtamusmdnhzes Fpyisdhdnsbeapenaintdand distgangr at e and
distr |E{g%g FBQJnEWl?%I&J Hﬁﬁcje&%o &rﬁﬁl?pord“ﬁ%# on processes. The net hod begins

gener al | an on-site generator produces
mol ecul ar lﬁpmnbn@mmuthq rzqthvgn‘a}’bd niified & weascanubmr pseped vithThe on-site

gener gl Qss WfoF Qoﬁr%(il?ctd%fhbmeéf alys iRk, o Br? éie%cra&o? gﬁyc gr&ﬁéesﬂu%gﬁé RgeEnt as a

facility ma | ow for, and operabl e t0 vari a anmounts and
conce rﬁ'ﬁ“‘d’t“?e@i'?éecﬂﬁf %F@éﬁ?@\ccmu F ?Sﬁfélatf-é with 2 al‘lqceé# tegdt T methed prpdess as

descr umao@maeqmmamr ot Jeaam fhaning aﬂﬁ@ﬁéﬁsthltmevaro@%ﬁa@ﬁ fludrRl t&%@ﬁp' e, an
on-site erator may include several electrolyte cells Wlt?'l each

el ect r'gh capmpulator daerdheageumular dapistingrto pdsivelcul ar f1uorine. As such, one or
nore of t hﬁ&anoﬂﬁi dnbotimntiBe v@RA nia?b@rh&ﬁﬂidd@o SlRgialoRidber A¢biktBPSitPhe MO ecu' ar

fluorine t oces ool s n neratjng the nol ecul ar

f1uor Ipﬁo‘g?ss?qqg&eﬁgfe}%%% @Sﬁéﬁé‘“&“&ﬁq‘f?@? oF OF FAMRIEATERECSS HAOLI but es t he
mol ec uhtawudeFuintoiarhariter i@ aditen tmeeelmcmasslamh fabridatidn pRosae PR, a

dlstrl u st b ed.to Iura proce s togls and operable to
flu cRarﬁbePHa ' %%’t% @urég%x(ri ?ic@f"gna ﬁﬂffﬁsfrﬁg °8$ B IECUCEr ?ﬁer?@taft”g one or nore
of t henambgmeéﬁedtopinscaohsmw&ibncm daweesaztdemgmrl?exsaibah'ed oper able to produce

o de duarh il eenitba g TVm@Hold BT ik he Bl Adstgdh B O0ePD

tool s operabl'e to be use ricarron. oh di stributing
t he notcedesyvaieminay be ppeeable & resive e ussd Fanpreosbshe Ry wlsm:h ﬂtahmwrmemod proceeds to

contaminants within the F, gas may be removed and the F. may be reused for subsequent processing.

- The recycled F; may then be used in association with a distribution system operable to distribute F, for
a fabrication process; .

FIGs. 13 and 14 includes a process flow diagrams directed more toward specific methods in
accordance with other embodiments. The methods may be used in association with the system
illustrated in FIG. 1. Referring to FIG. 13, the process can comprise reacting a fluorine-containing

_reactant to form a fluorine-containing compound (block 1302). Referring to FIG. 1, HF, which can be
a fluorine-containing reactant can be decomposed within either or both of the electrolytic cells 14,
~ The decompositioﬁ produces H; gas and F gas, which is a fluorine-containing compound, The
process ¢can further comprise flowing the fluorine-containing compound (F gas) to a process tool
{block 1322), The process tool can comprise a ¢chamber, in which the F, gaé may beused ina

reaction within the chamber. The process can further comprise using the fluorine-containing
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step 1203 where a process tool uses the nolecular fluorine during a
fabrication process. In one enbodinent, a process tool whikMan200E
i nst ance nay be operable to use NF3 may be operable to use nol ecul ar

fluorin i processi ng. For exanple, a vapor dep may use
NF3 durigv 4(9%4[ eaning step to renove undesirable co%?ﬁﬁﬁ%ﬂ% during or

after dep05| tion of, for exanple, 2 SUBSTI TUTE SHEET (RULE 26) 11 May 2006
VO 03/ 046244 PCT/ US02/ 37912 - 27 cofiductive thin film As such, the nethod

may b I e n uarfl orine within
a pr o?grg @B tﬁesptr o%g%éo&&ﬂ%ﬁ%ﬁ Bl ﬁ?}rﬁun@exa%g#ef er eFéI%aBS@i%f Ry ¢ et#’rﬁ nfilm
ont o Sabsgﬁtbmthtathe OhaFtbFr opieslept the cl'amhqr hgtemovwg waterfahthat his depnsipedatoags t ool nmay

| nc! UdGnor R ubBRs HIATRRhamP Lol Blifird raffORbsin WAL Jdole@ @ Substrate.

As such, contam nants froma varitety of speci gém associ até’ h the
depos MAlesHlapiloansten el fPréémmlsﬂwwwmnmmaer mesakeeritdringohaderislsfrom\vbl ecul ar

fluor 't%h%r,kﬁ&@imaedtr:& rnQQléCﬁElallsmEﬁ%st N we@REti on chamber HJ cl ﬁandfr

resy  ns e Moot o umm Bnf Pearess B DG I8 oy eob ¥l n 11 | m

ﬂ] ocsm bj 116, wwme@m? e uﬁdadfafpla.;ﬁﬁ megg&mmatlu@nhére&ﬂag%&ﬂwnmi‘n: \lNI thin
e reac or current_or .subseque rocessi ng on utilizing

the F3° 6@ Es(ﬁgp?f‘gq%aasﬁ’f%@&lﬂg esgrifeds prffgs aO\/h‘é‘ﬁ% °?’H’é'“ﬁ%¥‘??6’6&égnds In this

mannem ﬂumﬁneg:oritabmg plaia dompliedinese-cantsiaing ag@mlwomuudzomﬁpﬁanwﬁawh has been

0N 8 G B B e PO B S 0RO £

use amdiels GFUF Jt:0F, ,asmcomwdonfmtrbmh process tool for storing the

di St i but qgle gy B Hera @\l Slnk eI SRR, IR BEAHE G LLUOR! N and

di stri but uorine to an accu or assocCl a a process
t ool . thehasterna plasich aeveyaterimap be qoniected between the distmbitian ﬁnesﬁmtspapé‘mmmcessvol une |evels

and 1 &} GRirsHle hiFind 83ElnirIoBR €6t oAk b SpeSHPERhinthd B Brabie

accurul at or upon the accu or depleting to a
enmbodigsheretor mepbe prEohY@tiaehsd thde peersfPdd to purge a chanber associated with

the proc %@prB&QJ caPfurthed %E@?&sﬁgﬁlﬁ%u%mﬂﬁﬁnﬁﬂﬂnﬁ Uﬂﬁnﬁ BHd QFRMmbRY FCessi ng,

For exarrpl e, g@ocess t 00 introduce F2 1nto a chanber in addition to
ot her thejteafhigek 1 )é[hﬁgP‘t”“Bf°“§"’F%l?llais’B%1’fﬂ?yd%‘? uped dperpapgers sipidar iothefber may t hen be

pur ge@reaxﬂﬁklga&édribbdli‘r’iﬂibld@k oL GEFIGT1 306 2 etéhitig is@Rrdtd Vel amifigdeposi®n SUCh, the met hod
may be d| fi ﬁﬁt"i\ purge a chanber, fabricate a device, and utilize F2 as

desi r 8™ Frﬁ % r enbodi ment, the method may be nodified to recycle the
used F2 gaSanotAsr emhmdimena therpaacgschey ﬁy&&eonpﬁwedyan@mruahbcamti&uraﬁcei ve the used

£ PR RE R RsLR e o8Ol LR D HRRL St B R IR M St 0 he 2

s may becrenove elise essing. The
r ecy c kespbldife molgcuian ﬂwnbegas sshl tlmkunusrs@(mmmummtsmﬂxm tige mhleeulan fhnuhmecgas system

- oper a%?bé RmBed bid %ﬁecﬁ% ¢ fufine rﬁ’ayc?g‘peruge(& Sl%gqugn?ﬁgcise?s Ie(fyc 2 and 14

i ncl udes a process Iagrans "directe s ec met hods in
- molecular fluorine may be used in assoc1atlon with a distribution system to reduce the amount of new

molecular fluorine gas produced by the elecirolytic cells 14 in FIG. 1.
Examples
Plasma etch example

An aluminum-containing layer can be formed to a thickness of approxitmately 800 nm. After
subsequent patterning, bond pads having areal dimensions of 15 microns by 15 microns, nominally,
'may be formed. ' A passivation layer may be formed over the bond pads and have a thickness of
approximately 900 nm. The passivation layer may comprisé approximately 200 nm of silicon oxide
and approximately 700 nm of silicon nitride. One or both of the silicon oxide and silicon nitride

~ layers may be formed using plasma-enhanced chemical vapor deposition.
A ﬁattemed photoresist layer can be formed over the passivation layer, In one non-limiting

embodiment, the photoresist layer may be JSR positive photoresist material available from JSR
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accordance wth other -enbodi nents, The nethods nay be used in association

with the system illustrated in FIG 1. Referrlng to FIG 1Q3,Mhhe0og® ocess
can corrpr|se reacting a fluorine-containing reactant to forma

fluori neg; ont i ning conpound (bl ock 1302). Referring to Fl HF, which
can be @ﬁ ne-cont ai ni ng reactant can be decorrp&gggjs%%?ﬁ:zn e|ther or

bot h of the electrolytic cells 14. ,Jhe deconposition produces H2 gas and F2
gas, which is a fluorine- contalnlng conpound The process can further

conpr '&%Tpg,@pwiag%%ﬁa' tma&e;%f ya@@@%&m g&eﬁ%h%@g o to a process

t ool roces an co in which the
F2 gas:omlysel@eenulsewrth@bwdnaésacu on Wi t hin the chamber. The process can

further compplaeiss g chitR olhdiaiing s0an! T (RULE 26)
11 May oo phGarif 08 Il bl AR &@&h@%ﬁﬁ?&?&ﬂﬁ gélr_iggocess t ool

( bl ocKetliporide (GRy, Kisherrmsihang &%{Fe&%fﬁw , ang prafurhexgfheride{fFch Notestbay theo et ch a
subst rg iy Wive &Ieﬂ p{et?eeuwﬁewd aome fa@ndﬁh&&‘ﬁbnlkﬁ@h&é‘tﬁ@&@ﬁn@é’ﬁﬁlﬁ%ﬁﬁé&b ng material
t hat h@; deg 3 %}p Wﬂﬁb gﬂ sur f g%f?) the chamber (e.g.,
subst r A€ &ih EARke O”Bféld‘b P grpﬁp@qlsd © RpsgReY E“e;]WIﬂ“N/BFéBRW%r fluori ne
](c:an beviﬁereislmm@rann emwh mgppged M@térﬁh{$mélba83ﬂtaltgar£ll€aﬁiﬁﬂ1i&| Tﬁ@tﬂ&l&“g?b@g rrgt eL ials
rom the suc ielectric tals ta es, and the
like. Oﬁfr&eg‘i'%nq‘ﬁcqoh%@%g cﬁn‘%?%‘éeéga FIE0F %H]“g% PERedf 2 pimﬁf“li‘f?b’s@bg’i"rﬁ lar to FIG
13. Hd@ewetrgce tadib frkemencly péver d3appriokiftately 4 mtwﬁtemnkmimm ficqeentyaf 1056 a pl asma. The
P 03 E A% R 8o B 05 sl A BN Lo S B LD QRIS 1102, 87, 1322) as

previ ous géscr rocess can ating a
fluor |dqgees@¢tsas,mn¢@)mmmﬂw ot af eprxinuatelyi 8980 gandérd icvtiicvgntoeteeqend (bl ock
1462) TJ'P\? LASMa nmay be generated using a conventional technique to form
neutra {JOI’I ne radicals (F) and ionic fluorine radicals W F, F2', F2',
or ‘any coriringthe eieh ereetiaory veilFimey by formed alang thaxideryelised the bahd phdsland a chanber

of thena%&ﬁe@§ﬂ&&&hbmpo%ﬂe%em?mmmafﬁot icfide ézmn+,@tﬁ% ia 1P| @SR

generat or may connected tween the distribution [1nes and SpECI fic

pr oce<an betse'mpe%m the %eﬁvecomquetevr %uhsea*é%tmoaahnmﬁgmpm Wishima stEpping sefeenpr ovi ded. | n

one SRefpddify nRAbdhdERhe avhilslcRS AGTBronUIRAREPSREIPROheRRDNidiontE OF attached
to the grocess tool. The pkﬁncess an further conprising using the

f 1 uor iF81aa%, fe EPH@E% Benwmekylior B Q (romeERdh Toshnaloey fne- of klaywagh Colifpigt k. 1464) .

The. f Istippérne- cont ai ni ng pl asma may be used in manners simlar to those
previously described with block 1342 in FIG 13 (e.g., etching substrates,
cl eani ng- deposition chanbers, or the like). In another enbodi nent, the
process may further conprWhendﬂﬁmmgmﬂ@mhhamumused nol ecul ar fluorine gas.

As h d I I
fuorine ShbmoraSiop SRR By el T SR P e el R et o
cont amémerd Bla:WEtﬂowm infe@ spaot ®de kleaned, kgotht reeuwadepositioy clembere Ty ed and t he
Ol €C W kind f 8L b Eﬁﬁcom){m.ﬁx‘ﬂn% 5l a bl HRRRHHERL PLLGGRR, Ayl iy €€V €| &

nol ecu uori ne I n assoclatron w n syst emto
r ed uce mepgémhMg ) Q;ftheﬁléw The gas can be excited to form a plasma within the chamber or

remote to the chamber. If formed outside the chamber, the plasma can flow to the chamber using a
conventional downstream plasma process. The plasma or neutral radicals generated from the plasma
can react with the deposits on the exposed surfaces within the chamber. |
The gas employed in the etching process typically is a gaseous source of a halogen. The gaseous
source may include F;, NFs, SFs, CF4, C.F, combinations thereof, or the like. Additionally, chlorine-
containing or bromine-containing gases may be used. In a non-limiting specific embodiment, F, may
have previously been generated at the fabrication facility where the chamber clean is taking place.
Nearly any mixture of the gases described in this paragraph may also be employed. An inert or noble
. diluent gas including argon, neon, helium, or the like, can also be combined with the gas or mixture of
gases, _
| After reading this specification, skilled artisans are capable of determining an appropriate flow

rate of the gas (or gases), temperature and pressure conditions within the vacuum deposition chamber
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nol ecul ar fluorine gas produced by the electrolytic cells 14 in FIG 1.
Exanpl es Plasma etch exanpl e An al umi num contai ning | ayer davapgodeor med to
a thickness of approximately 800 nm After subsequent patterning, bond
pads hayi ng ar eal dinmensions of 15 microns by 15 mcraon nom nally, may

S
be for MY PR si vation layer may be formed over th&BEFHYds and have a

t hi ckness of approximtely 900 nm,, The passivation | ayer may conprise
approxi mately 200 nm of silicon oxi'tle and approximately 700 run of silicon

nitride, t h. of i Lde d.silicon nitride, .| ayers may
be foro?rgté‘gt}gﬁcgéy %ﬁ&é lr?g)-ag}r?ﬁlgﬁ%gémgggﬁ? %5?"".\'}3’3‘8? ﬁﬁg%togrftmlr% P B er ned
phot orquaitist of deppeits te barehered, endumtentialle ptherdfectqpa dbdesiret] azanveatioeal purking one

- non-lipgiti | r i itive
ot or Syt peFERAHAIENL cng S AR OL A% Rusidl P N RERIBBPR' 56 %11
2006 \NOESpgaBsigs apsst fagsdriimtrdSites e in pa0RA36 ("Changarnvhishds has a t hi ckness

of  apRARKIAREBLYInSYMrdid. The patterned photoresist conprise opening over
t he bond pads. The’ passivation |ayer can be etched with an etchant gas

! : Yy ; G!
conposi t i dhoReARpTimiting gmbedimeaty ppgsten mapbe depgsitestyithin achyraber, and B mpybsr oret hane
(CHF3)usedath ebadvd X ungsefl thabdbdsiid onfiRxidbriod Ohllsdd (@FfA) pantdNFR chdhdder. tie  F2 may
have heen 1g)rew ou lil g nerated at the fabrication facility where the

ais SFS hg qrhfg cl

et chi Mg™mF%0e &R 4 ricati Wy Mhere bp pestep dPRogiPea D expose the bond
pads. The Tabasyrathedspokigon poriokd silicdniwaler edn bAfRbduveel inthkHe @idudh epbdifh br and t ool

f | i teri _,nc. of t . | i f i.a. . The t ool b
oper s BATh AT R SRR B IR B ey M B o PR REE Phor cocur o of
appr ok ivediedltyya drbesatraperaiure ¢fAppraximaely 475 °C. atlfted cdnvantjorehry-nyalzunn with

i mat el naLt t J o f f 13. 56 i.e.,
20 ISR B A Fud R A e PR b ol
appr oxvafiem bethy héb0 plad agnesterscaCid deporsigd camigdd ¢ud singgriVBoayglew feiecow r at e of
he. onefiBky 37 oSt AREGEE ok ng 8P T ety BEEd MR B2 ¢ he Bond
pads &hambermgy Yerputgadiendpurhiped :ipenae) p Shedvpasition proetstamayhateperteyl votl! may not

i ncl uqs?g;d;ﬂg@g,gggrhmmgvay&sam\ﬁgcgéed. can be stripped fromthe sem conductor
substrates thfough 1mersion wthin a stripping solvent conprising

monoet handighihpdePatiinn Binthamaes mache depned in Ta@piedbrdlerssitchas havy bidleivi cal  Di vi si on

~of  Aglibim b prbddSsing@F the M el ThOHepodfiRR LGN )cadbe HeLd 16 & feipRrileoff eChnol ogy | nc.

Tor o SBRBHPED G aROdob R, AL BTN N FEEE RGP (1 ¢ he

deposipidiect Dwifer chiickdRvaftRyvollid nbinRivedsidd dufingAhSRp&RIoh prodes. Cl eaned, e.g., the

vacuu rBogc? rrgx?t.ytoir %%e%ﬂ%’&%ﬁ can -gzt,] Eliroduced into the chamber at approximately 150 scom and a
base pressure of approximately 300 mTorr. A plasma can be formed from the F, gas. During a first
portion of the cleaning process, the plasma power may be maintained at approximately 600 watts for
-approximately 230 seconds. During a first portion of the cleaning process, the plasma power may be
maintained at approximately 200 watts for approximately 220 seconds. After two purge/pump cycles
(each cycle including approximately 30 seconds of Ax/N./H, purge, and approximately three seconds
of pumping (evacuating), the chamber has been clean. At this time, the deposition procedure caﬁ be
repeated. '

The chamber cleaning may be performed between substrates (e.g., silicon wafers), between lots
of substrates, or at nearly any interval. The timing of the cleaning may depend on the stress of the
film being deposited and its thickness.

The systems and methods previously described can provide advantages over conventional

©_ processes and may be applicable to many different fabrication industries. Note that the advantages
are described with respect to embodiments and are not to be construed as causing portions of the

embodiments to be deemed critical, required, or essential features of the invention.
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deposits may be a silicon-containing material, a nmetal containing nmateri al
(e.g., a netal, a netal alloy, a netal silicide, etc.) or tiheaypbkes The
gas can be excited to forma plasma within the chanber or renote to the
chanber. If formed outside the chanber, the plasma can flow to the chanber
usi ng aWaEdeEkt i onal downstream pl asma process. The BSITASRSHZ neut r al
radi cal s generated fromthe plasma,_, can react with the deposits on the
exposed surfaces W|th| n the chambef!” The gas errpl oyed in the etching

process typ| l.y.is a gase sour aseous ., source nay
el ude P tefiissPaggaiodt R SRBRRR b e e AL BT R of S8 PRGN Fide
Addi t |d&nrﬁ>h;hgnofebﬂomss gmrs ﬂmmhe)ammprn'gdmdmdammwu%scgmgemrambm@ugasies may be used.

In a non- | |y been
gonor dpaanfi bl SpE e R B opdr Ry AR SRBLBUGNE Y, 2P0 g
pl ace.fabrixgian b@canmﬂhmtmcabfnclmﬂwe tfgabbts' tqj@g@ramme@s gas gtriiationzastenyr aph may
al so -' LIl n, neon,
hel i u?nr‘?a or tﬁégﬁmfgﬁ&b@gﬁﬁl ﬁdu@ggﬂéag%%ﬁegg ng&gg@& g«?ﬁ‘ﬁ] h’?‘ gre of
gases abmme@tswt@a@pbfgrbmmte%ec| fication, ski I I ed artisans are capabl e of

~det erm ni %ll%tlﬁpﬁé‘rﬁﬂﬁl'a@aﬁta% oAWe erﬁ?&dﬁneﬁtfs of BEMERR 2hPHysiBR &R Sl-sitel EMPEr At Ur e
and pressure conditions within the vacuum deposition chanber SUBSTI TUTE

SHEET gemeation argdistriputign of Dryoesss ges indidss o api ‘WFQ‘EB'Z? agdsmend supPRf ot her space

by t akeBockRlzRs \R8& AbbakivephSsultO IAUIhePlectBRAGEvahth RIVF B britbdRRAO Sickugesar € t 0 be
removed,  the uang i t f de 05|t to be noved, and Lally other

f act orie abliy tﬂé'g‘“fi‘éﬁd‘"‘éag torssh fmfﬁ?rfﬁ'}‘#gf eag&mcﬁﬁwobéuc&&a B¢ ned after the
et chi pebceds gl carpld m@ﬁae@oﬁﬁxe pumd td the predemsves] hiethel pocesd dassupdly ﬁhe(caICh pr o)ces S
paraneters are se Pat ent Na. 207,836 (" Chang"),
i oh o FrallE pieies der b By P 8 P BB mbod wen
tungs tnmbﬂermymliaet addetisbitecdwecbitiary cantditraabeystem &ndazkidoudiyuidsessocistedl t 0 renpve

t he tungst tmgg:ap?o)sdeﬁs on the interior walls and internal parts of the
chanber § e generated at the fabrication facility where the

t ungst en depa deastisone aﬁdlc@mbodlrfremsmtm},)mt:aiadmameplyéﬂsmmmdmp@sztﬁp on, a silicon
waf er - f a Precision
5000 £7 e RS okl BRI IR PR R RN Darber can
be hedtchuical advantgge dnshides uﬁm@lm{auﬂ@nm at & Agsirable creperiTaionfmEeenes that
onverﬁgé,gaggulapﬁ&ngycl eation with tungsten hexafluoride (W6) and silane
(Si4), ch purge pressurization and stabiljzation of the wafer on the
heater pl aSEIH anqﬂ%kggwﬂ agveptagrdncldpraeeviding ap gp-pifedorgs gengeionyhigmaat a 1 ow
rate appicaxd mlmlydls%ioﬁﬁ@m@dasapmﬁ%@kﬁc@sxﬁgto@ppét@mtﬁeatealnwm% Ton Af ter

e dafhatoes Briodss et 4 B sEatas Qe SPlaf BRI g OF | | - com 0%

waf er &,.aA etilpfutice &Slgital sdbdhrge indielesh@pading 4 fhiorinctdiseribaficarizein dpeblbe cl eaned to
renove, t he deposi ts that have built during the processing of the wafer.
The d%bsh'g’l“'iei ﬁ‘:@ﬂéﬁﬁw?"cﬁ%‘ﬁy ?fféj'é"tcgsayogl(ﬁ' a tenperature of

An example may provide a better illustration of some of the advantages. In that example, a

F'Orle

process tool having a diffusion furnace tube is to be cleaned. Molecular fluorine ¢an be produced on-
site at a fabrication facility, thereby obviating the need to transport gas cylinders from a chemical
plant, If gas cylinders would be used the gas cyfinders could become damaged or other fail to contain
the gas, a large amount of gas may be released into the atmosphere and cause significant damage.
Also, some materials, such as molecular fluorine, may have a limited shelf life. By producing the
molecular fluorine on-site, the transportation hazards are avoided.

Further, molecular fluorine may be produced in smaller amounts or on an as-desired basis.
Should there be an accidental release of molecular fluorine, it will be a relatively smaller amount
compared to a gas cylinder, and the exhaust system of the fabrication facility may be better suited to
handle the smaller amounts. Therefore, embodiments can be used for a safe generationand

distribution system for hazardous materials, such as molecular fiuorine.
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approximately 475C for a period of 23 seconds. An alum numnitride wafer
may be inserted to protect a wafer chuck where wafers would maypwdd y
reside during the deposition process. Concurrently or subsequently, F2 can
be introduced into the chanber at approximtely 150 sccm and a base
pressur dQP04RM oxi matel y 300 niTorr. A plasma can be BQUSBHPRom t he F2
gas. During a first portion of the cleaning process, the plasnma power nmay
be mai ntai ned at approxi mately 600°%atts for approxi mately 230 seconds.

During a first portion of the cleani cess, the plas wer maybe

mai nt ai ned 4o 5.8 °éFV%@WﬂﬁEPT£g?‘%4g%BP% %f"éﬂ“ﬂfﬁsggﬁg @8onds. After
two putilge bpuomptilityelyas froh@ecdss @ylab groteactbel dExpgnshe plueinger 8dzrdadB seconds of
Ar/ N2/ H2 .pur and .apprQxi I e sec S, .. 0f i n vacuat i ng),
t he cﬁ?éﬂ@? m%gbser c{e?lger(lj " 8’%‘1’. '{%at%fgets"g%ﬁ%ﬁéan teﬁ%a%%%%q tF #’gﬁesﬁr Oo((g dure can be
r epeatieedity. The chanber cl eaning may be performed between substrates (e.g.,

The cf m ngrer Y gRRhIE Bl ot nd) SUAR) Runfl B SRR AL 0

deposiof epfocesrtodlt Such Aexdhilife slpws Tondigwgtionetede epaeifiorBly #rtopted tothepesifis| y descri bed
can prdQSYrgg? gg“@ufgfgwagg@ﬁ&lvig&h@pnventi onal processes and may be applicable
to many di £ rent fabrication industries. Note that the advantages are
descri bed Inihe foregeisgwesificationethp Brisntianiag bog deseribed With refersngsdo &6¢i8% r ued as

causi REbdHhdntsO MO weer, b.h%foﬂm@qhnﬁnhéantazgmata%mﬂo&rmadmﬁim an@qui red, or
essentjal features of the inventjon. SUBSTI TUTE SHEET (RULE 26) 11 May 2006
WO 03,kumes 4an toampie j&ipigipppiing fiom the scepe roRipsent RYaHPeR et R & e nbodi ment s of

the nerai%%ctemﬁ ABYER, ﬂa@ﬁpegﬂcaﬁb% &d gg@@ra@ttb B Ye@Ridd inthh Subtiive laer o:‘ | a pr gc ess
gas 1s that they can provide redundant 0CeSS neration,cells an
Sont afiPRARETEE S sl stoh qrooitpapria R BFS Byl sARSE REPLL i ng at any

gi ven piesdiintedtiglippl y a fabrication process. Another technical includes the
ability tq _haquse a process gas.generation syst W8 conpact . gener at or
Cabinet s SRR SPRig PR Rod bt Skt e PR i ough an
abat empenific sybddemens. Hosoelhthabenafits, @dvaathges, Stlitions mpoblems, andalinkoedi(sadvant age of
the e ] 0 =Sl i and

i st 1 PBCE s Vendr G0 AR b AU R bl b BT R FU B O ermand
suppl yorsfuedahecriticaloemisedyoresseniinbeatve gealment of prys ol @e climp.ur t her t echni cal
advant age of the enbodi ments includes the ability to provide individual
conpressors and storage tanks for each process tool, such that the process
gas can be provided at a positive pressure to the process tool with the
process gas supply line under :negative pressure. Yet another technical
advant age of the enbodi nents includes providing a nobile, conpact and

sel f-cont ai ned secondary cont ai nnent system for hazardous |iquids
associated wth a process gas generation cell. For at |east sone of the
embodi ments, a technical advantage includes providing a safe
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generation and distribution systemfor hazardous materials such as

mol ecul ar fluoride. A further technical advantage includes]iugiapgoswol ecul ar
fluorine at a desirable concentration for processes that use nolecul ar
fluorine. Still another technical advantage incl udes roviding an on-site
fluori n&QE¥4¢24t or which may be | ocated proxi mal, THISO¥Y?12nt egr at ed as
a part of a processing tool. Yet another techni cal advant age incl udes
provi ding a sem conduct or process - ?)‘erabl e to exploit desirable
characteristics of F2. A still fEr her techni cal advantage includes
providing a fluorine distributio emoperable to distribute nol ecul ar
fl uorilne\styaezﬂfopbmdufpunﬁéanm@fa@m&minﬁnsn@n exanpl e may provide a better

illustratio the a n that e rocess tool
havi ng a di"‘1rtl fsglf? %?P @Hﬁ?patggga[s gﬂm g‘erﬁ'g the Ay I %WEP'@B% %? g"‘?lﬂﬁ%’rl ne can be
produced onsecmdt@ﬁpcaupldlmm@msupnlthnlparhljeltotthd‘mﬂ}?mﬂwncat| ng the need to
transport | i t s woul d be
used the ggg‘ﬁ%cy "@&%‘?m%?)glegbe%%ﬁ@ gg!ﬁ% e %{(}rﬁr%kztﬁgrgp é}?e?éect'dﬂi%nt ain the
gas, drab ahtipeocemmonnsiof opredgéinedgrept. be rel eased into the atnosphere and cause
significant damage. Al so, sone materials, such as nolecular fluorine, my
have a limted shelf |life. By producing the nol ecul ar fluorine on-site,
the t PadBpuptenef dHmHayherastheges e eamepsess: Further, nol ecul ar fluorine may be
produced | poRb@drl@bridgNt s or on an as-desired basis. Should there be an
acci dent al reI ease of nol ecul ar fluorine, it will be a relatively snaller
amount  cofffahedioges I4erges cylinder, and the exhaust system of the
fabrication facility may be better suited to handle the snaller amounts.
Therefore, enbodi nents can be ed for a safe generation and distribution
Syt erh F4 D A O Hhrter he G ot R i e TRt 5 YR OTSOBST TUTE
SHEET fidREIE ra20 khelsdc oVl iMF &Qﬂ%eﬂ@eﬂ&éﬂﬂﬁ%daﬁﬁﬁﬂrﬂdﬁ@%&tﬁrmﬂ -32 Additionally,

t he generator can be portable and noved from process bay to process bay,
from utility bay to utility bay, or from process tool to process tool.
Expengiﬂ‘bquktmbfaiagmﬂoﬂu-tlmmpdmng mat eri al s may be reduced Al so, the
nunber f. f t he

facili ty %ﬁg?rg%_ﬁfd &ﬁ)nfi t%l@?&‘é%g gé‘?:&hﬁgh%gas 1 y me ° {) oF%t ed proxi mal ,
di stalapd or integrated as a part of a process tooI Such erX| bility allows
confi gurat & g@ﬁ?&l f res of a
parti cul arhwﬁlﬁg?@gﬁ&ﬁgglt%ﬁt@%ﬁ% nth @(g%re Pﬁgggﬁg{& °%%°§?‘?%iﬁ t he

i nvenf®»n has been described with reference to speci fic enbodi nents.
However, one of ordinary skill in the art appreciates that various

nodi fications and . changes can be nmade w thout departing fromthe scope of
t he pPe%‘i‘RyStF’h%‘i'%“i“dnfuﬁ%ef equprifipg Qg of Tore Agoring geaeration gellsgrheremdbcoingi ngl y, the

speci bf mak lﬂQdihn@@él'tcf&h@'Ltfeﬂfﬁar@d’o 1édQ0 e pds@ERIYARE arldwh@Rinithe S bl ve rat her
t-han restrictive.sens all such nodificati ons are i ntended to be

| ncl udBRREETsTAHOR S RR %éhecﬂas ¥,

6. The system of claim 1, further comprising:
a gas output line coupled to the first HF trap and the second HF trap; and

an output filter coupled to the gas output line.

7. The system of claim 6, further comprising:

a low pressure buffer tank in fluid communication with the first HF trap and the second HF
trap, wherein the low pressure buffer tank is located downstream of the output filter; and

a compressor in fluid communication with and downstream of the low pressure buffer tank,

. wherein the compressor is operable to compress gas from the low pressure buffer tank,

. 8. The system of claim 1, further comprising:
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present invention. Benefits, other advantages, and solutions to problens
have been descri bed above with regard to specific enbodi neritigay boogever,
the benefits, advantages, solutions to problens, and any el enent(s) that
may cause any benefit, advantage, or solution to occur or beconme nore

pr onoun®3@@4hot to be construed as a critical, r&§AUSEPL™Br essenti al
feature or elenent of any or all the clains. SUBSTI TUTE SHEET (RULE 26) 11
May 2006 WO 03/ 046244 PCTI US02/ 37982~ -33 CLAIMS 1. A systemfor continuous
purification of a gas_flow conprising: a first HE trap coupled to a gas
supply i n@,lowré%saﬁehuffqﬁ@“‘g’a@ug‘ﬁwﬁwwﬂbm@dwﬁsiHiE tppenddhesedondF  a second
HF trampcadpl ed to the gas supply line in parallel to the first HF trap;
and a sw tchi ng nmechgni.sm operable to, switch s flow fromthe first HF
frap to e eBusH re SRmRGeRendn s bRt v FrowePilledmevent . 2 The
syst emwigfeircthatampiessonts epesdbiv t6 épanpegas g fronv tledowppresses bufferiablecul ar fl uori ne; and
trace hydrogen fluorine. 3. The systemof claim1, wherein the switching
mechanismis operable to switch gas flow fromthe first HF trap to the

- second. HrmethedaongveifyirgHoririe gestcolptisingap i s approxi mately saturated. 4. The
system of gl al. b%l.ng: a first manifold operable to direct
t he gas flg\t/f/gdﬁl%%ﬂﬁ?gé agg&g{l?%prm{;k{?iwﬁg to the first HF trap; and a second
mani f ol d ogeteainiag if the disf BE raptipapprgaimatclysetwniedand he gas supply line to the
second HF 4 @Dfuopine TdpGs dMAHRIPle Shriitfatdly sdidieldrer conprising one or rnore
fluorine generation cells, wherein the one or nore fluorine generation

cel I's are coupl &vitshins the dugying 2as dipys e standly HHifERPIsher ei n t he one or nore
fluorine gener atdgeftrafif thSfirfHPag@ng he gas flow. 6. The system of claim 1,

further conprising;, a gas tput line coupled to the first HF trap and the
second HF trap; re&ﬁ‘ﬁmg'ﬁgﬁ&ﬁpﬁ‘g' filter coupled to the gas output line. 7.

The systemof claim®6, further conprising: a |ow pressure buffer tank in

fluid ni.cat L Qn W the first HF tr nd the second HF trap, wherein
the | of Faeiinet HinPeb el heriutd el ot e UE Bt el molertete st 1 1 ror
and a thoempdtgsthoring trapf | ui d comruni cati on with and downstream of the | ow
pressure buffer tank, wherein the conpressor is operable to conpress gas

fromthe | ow pressure buffer tank.
11 The method of claim 9, wherein the step of regenerating the first HF trap comprises:

heating the first HF trap; and

purging the first HF trap with nitrogen.

12. A process gas generation cabinet comprising:
a cabinet housing encompassing a process gas generator, the housing further comprising:
one or more input vents to direct air to the process gas generator;
a normal output port; and
an emergency output port; and
an exhaust system comprising:
an exhaust channel;
a normal operating channel coupled to the normal output port and the exhaust
channel, the normal operating channel further cbmprising a normal operating valve;
an emergency channel coupled to the emergency output port of the cabinet housing
and the exhaust channel, the emergency channel further comprising:
an emergency exhaust valve; and
an absorbent packed material; and _
a fluorine sensor iocated upstream from the normal operating valve, the fluorine
sensor operable to close the normal operating valve and open the emergency exhaust valve if fluorine

levels in the cabinet housing exceed a preset level.
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8. The systemof claim1, further conprising: SUBSTI TUTE SHEET (RULE 26) 11
May 2006 WO 03/046244 PCT/ US02/ 37912 -34 a | ow pressure buffievay anie i n
fluid communication with the first HF trap and the second HF trap; and a
conpressor in fluid comunication with and downstream of the | ow pressure
buf fer PghR/04624therein the conpressor is operable to F&HEEEEIGas fromt he

| ow pressure buffer tank. 9. A nethod for purifying fluorine gas
conprising: directing a fluorine ‘é%fs flowto a first HF trap; determ ning
if the first HF trap is approxinmately saturated; and if the fluorine trap
is determned to be approximately saturated: switching the fluorine gas

fl ow t16. Thesfrevasiipys defrerdtoraptinet 6/t £2, Shéreigtht Behalst dharneldomprisapa hoaged repl aci ng
the first HE trap. 10 The nmethod of claim9, further conprising placing the
first TUSEE™ 0 st andby node relative to the standby fluorine trap. 11
The nethod of claim9, wherein the step of regenerating the first HF trap

CONPr112C%ne &%%tg!asn%netrﬂ& c];ﬂisge%f cﬁﬁn H[’. Q?Rereir?{ﬁd AR Il }s%eergb ertts) thu F trap wt h
ni t rogen. T2 process gas generation cabl ne conprlglng. dtabi net

housi rigwetie prepasass aerertopif Soering leydsin ghe ndirat tonsing chezedibe piesstiefelir t her
conprising: one or nore input vents to direct air to the process gas
generator; a normal output port; and an energency output port; and an
exhaudf. Eyeqresnsseavasnaraiersepinetef cleim By whereimiip pleprbenspaskndmlerigsempnstng  channel
coupl gfdndi dxggenor mal out put port and the exhaust channel, the nornma
operating channel further conprising a normal operating val ve; an energency
channel coupled to the energency output port of the cabinet housing and

t he e><1b.amtpr@cbsargas?emttmammmvz,. “haan @t fifddhé S Eensd? 6@l Mfiae 2N eNer gency
exhaust, val ve; ~and ., an, absorbent packed material; and a fluorine sensor
| ocat A ESICFRLReFRRYAEe nor mal operating val ve, the fluorine sensor
operable to close the nornal operating val ve and open the energency exhaust
val ve 1i7f'nf1| uorine . . . . :

. The process gas generator cabinet of claim 12, wherein the cabinet housing further encompasses a

negative pressure storage tank operable to store process gas produced by the process gas generator.

-18. A gas distribution system comprising:
a process gas generator;
a gas routing mechanism connecied to the process gas generation system;
a negative pressure storage tank connecied to the gas routing mechanism, the negative
pressure storage tank operable to store process gas produced by the process gas generator;
a negative pressure line coupled to the negative pressure storage tank;
a compressor éoupled to the negative pressure line operable to:
draw process gas from the negative pressure storage tank;
compress the process gas to produce a positive pressure process gas; and
output the positive pressure process gas; and
a positive pressure storage tank in fluid communication with the compressor, the

positive pressure storage tank operable to store the positive pressure process gas.

19. The gas distribution system of claim 18, wherein the positive pressure storage tank is further

operable to provide positive pressure process gas to a manufacturing tool,

. 20, The gas distribution system of claim 18, further comprising a cabinet housing encompassing the

process gas generator, the gas routing mechanism and the negative pressure storage tank.
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| evel s in the cabi net housing exceed a preset |evel. SUBSTI TUTE SHEET ( RULE
26) 11 May 2006 WO 03/ 046244 PCTIUS02/ 37912 -35 13. The pr oCERRyQ866
generator cabinet of claim12, wherein the exhaust channel conprises a
house exhaust system 14. The process gas generator cabinet of claim 12,
wher ei n WO®HPMbr i ne sensor is operable to shut dowPGHEHIBRess gas
generator if fluorine levels in the_cabinet housing exceed the preset

| evel . 15. The process gas generat‘éﬁ‘ cabi net of claim 12, wherein the

absor hen acked, materjal .ca i ses. alum num oxide. 16. The process gas
gener g"?bfrhéggﬁf) iFfEputgR Sysfem;o ST%H%\&)?]@FEE‘% ERHEUEREFhREM §ARPrissAsor i s | ocat ed

i nl i nenanifeith t he normal operating valve. 17. The process gas generator

cabi net of claim 12, wherein the cabinet housing further enconpasses a
negative pressure storage tank operable to store process gas produced by

t he pr2dc€b=gagdistribwion patemof cldid. 18 fufascodipsting dyotitiaprayst laavapkpoitsd ng:  a
procesgm or%ﬁﬁ‘?oﬁﬂéﬁ%@iiivé&w&ﬁﬁe&o? Li.gg nmechani sm connected to the process gas
generation system ‘a nedative pressure storage tank connected to the gas
routi ng mechani sm the negative pressure storage tank operable to store
process g4ass RRHMeLY s cdlifisiBg:0CeSS gas generator; a negative pressure line
coupled to the negative pressure storage tank; a conpressor coupled to the
negati ve pPe¥WsHF BSIBFKE%5per abl e to: draw process gas fromthe negative

pressure sk@is38fink #RkaniSR FRRRES to thpriteRGRSSnedddn §ySeM! Oduce a positive
pressure process ga ; and out put %he positive pressure process gas; and a

S ;

posi tive pPBeRARYEPTSHET siRyRee faakonpsqted (o fhepat BHIRGTRERPF BN HENYE he conpr essor,
the peSiukd MRagd LR Speidle3s Qiraprecebaakprofdeddal iR pkaess ka3 zénetalte POSitive pressure
process gas. 19. The t,?Ias dils%{?itﬁ)uti an Séste%n of ckai m 18, wherein the
posi ti ve pP BERYLTENGT HGEOPEAR BV IS YP&EAB%e to provi de positive
pressure preletis of asnprasoss condfi@ihe nepativy piessode ling €ach 3thde gasitgdofSt ri but i on
systerpm%fres%r%@m%%wfurther conprising a cabi net housing enconpassi ng the
process %as gepner ator, the gas routing nmechani sm and the negative pressure
storage tank. SUB®PiofisT s ShEEF n¢grlilcpreagye stotaghbapk;2006 WO 03/ 046244
PCT/ US02/ 37912 38isecdihe prdddGs (883 pRlRt b polivE Basst¥ Blobild @k ofd @1 M 18, wherein
t he gas routing Chani &m cc?nprf)ses a

' output the positive pressure process gas; and

a positive pressure storage tank associated with each of the plurality of compressors, each
positive pressure storage tank in fluid communication with the associated compressor, and wherein
each positive pressure storage tank is operable to store the positive pressure process gas received from

the associated compressor.

24. The gas distribution system of claim 23, wherein each the positive pressure storage tank is

operable to provide the positive pressure process gas to an associated tool.

25. A containment cart comprising: _
a liquid-tight outer container configured to store a process gas generation cell containing an
-electrolyte liquid, the liquid-tight outer container sized to dontain the process gas generation cell and
~ at least all the electrolyte liquid inside the process gas generation cell, wherein the outer con,tainer
comprises a material inert to the electrolyte liquid; and

rolling hardware coupled to the bottom surface of the liquid tight container.

_ 26. The containment cart of claim 25, further comprising a removable lid coupled to the liquid-tight _

outer container with a liquid-tight seal,
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~mani fold. 22. The gas distribution systemof claim18, further conprising a
positive pressure line coupled to the conpressor and to thel ppgi2tisve
pressure storage tank. 23. A gas distribution systemconprising: a process
gas generator; a gas routing mechani smconnected to the process gas

gener at Ygh03¥Yeem a negative pressure storage tank SAASEYEAIZL o0 the gas
routing mechani sm the negative pé_?ssure storage tank operable to store

. process gas produced by the process’'gas generator; a negative pressure line

coupl 0 the negati pressure storage tank: a rality of conpressors
Count & T cbEnRER B o BB BBE e IRERE S o Pk s BBt prerfeeprots
conpr gssspenaatop eelbiithéin thaliquidrtighy opteomesmergas from t he negative pressure

storage tank; conpress the process gas to produce a positive pressure
process gas; and output the positive pressure process gas; and a positive
- pr essédB.ellptcontaigwent eantlof elgig i fatthet camprisingalevel sehsor bpsrapletr detetithe of conpressors,
each 44 . St .ﬁ@ﬁ i | ghmuni cation with the

assoc ipé}?%gé é:f\é “g{eegeg?#?tsgﬁg er }éél I?ldahedgg%&%gésoﬁﬁﬁvé pressure storage tank is
operable to store the positive pressure process gas received from the
associat B CANRMGS S of cldith 28 HRneD&stnprting 4 fubi bbPRusy B baPlpihai m 23, wherein
each the positive pressure storage tank is operable to provide the

posi t ilFerghyiekiad taths legel ésorgas t o an associated tool. 25. A contai nment can
conprising: a liquid-tight outer container configured to store a process
gas -generation cell cant.aini an, electrolyte Ijquid, the liquid-tight

out or o HEPHERTEN S EETG YR (oG g Rl SonEngrah ESSER cel | and  at

| east sminlesddhel. el ectrolyte liquid inside the process gas generation cell,
wherein the outer container conprises a material inert to the electrolyte
liquid;, and rolling hardware coupled to the bottom surface of the liquid

fi ght 3t.ofeabmanmen? €art of HleimAS idliencomptisis;art of claim 25, further conprising a

renovabl e || | iqui d-t i ght . n..container with a

i qui d-t | gh%eq’gﬁ%#ﬁ’d%%@kﬁf&ﬂﬁﬁé@%h%"%n ‘ “"ﬁ%h’le“ 'ﬁqﬁ%ﬁ%ﬁi%ﬁe VO 03/ 046244
PCT/ US02/ 3%%:10p more3Fppprrs to Tupportibenredessaahgeneration cadfwithinghatiqzig-tighteuteher
conpri.sifig,one or nore supports to support the process gas generation cel
withinthe'liquid-tight outer container. 28. The containnent cart of claim
25, furthep lﬁt‘;‘g §ERedT opampledo letasbthe rresarcs of wiled elpatralytediqwid witlin the avid-pr esence of
spi | | gemeh@cdoh@indtmal iquid within the liquid tight outer container.

a sump configured to the spilled electrolyte liquid to the level sensor.

et

32. A method for cleaning 2 process chamber for semiconductor or flat panel display manufacturing,
comprising the steps of:

converting 2 feed gas to a cleaning gas in a remote location, wherein the feed gas does not
clean the process chamber; and

delivering the cleaning gas to the process chamber.

33. The method of claim 32, further comprising the step of activating the cleaning gas outside the

chamber prior to delivering the cleaning gas to the process chamber.

34. The method of claim 33, wherein the step of activating is performed through 2 means selected

from the group consisting of a remote plasma source, a heat source, and an electrical source.

- 35. The method of claim 34, wherein the remote plasma source is selected from the group consisting

of a microwave energy source and a radio-frequency energy source.

36. The method of claim 32, wherein the feed gas is HF.
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29. The contai nment cart of claim 28, further conprising a sunp configured
to channel spilled electrolyte liquid to the |evel sensor.iBlay20

contai nment cart of claim?25, wherein the liquid-tight outer container is
formed from stainless steel. 3 1. The contai nment cart of claim 25,

furt her YO%H¥2%4 ng: a removable Iid coupled to the | iB&HW%78Mt out er
container with a liquid-tight seal; _one or nore supports to support the
process gas generation cell wthi n-3Bhe 1i qui d-tigbt outer container; a

| evel sensor operable to detect the presence of spilled electrolyte liquid
within the liquid- tight outer container; and a sunp configured to the

spi | | exf. ®hepdthiodloy él@ml32outiettintthe ddaging @v8IF..sensor. 32. A nethod for cleaning a
process chanber for sem conductor or flat panel display manufacturing,
conprising the steps of: converting a feed gas to a cleaning gas in a

r enot e38. Domnetiond of elkimr3@] whetemghd @adrsipass ddadsy electrolysisl ean t he process chanber;
and delivering the cleaning gas to the process chanber. 33. The nethod of
-claim 32, further conprising the step of activating the cleaning gas

out si d¥. tiheethod hialin B2.Sirtherrcomprisihs] thestep prigpnsférdngtherasviting gyargxtome iide pr ocess
chambeiap, G he i ifFILRMA! in Colebll fm tfer e} n the step of activating is
performed through a neans sellected fromthe group consisting of a renote
pl asma source, a heat source, and an electrical source. 35. The nethod of
cl ai m AThaREK R4S 9 PR Bhe ReASIIRIVEANY Rt ldaSinS @k BthEFockdsQMntble 9r oup
consisting of a mcrowave _enerqégsour ce and a radi o-frequency energy
sour cefurthes comparising e ERPLBRMRIREHG 1Eing gas 41fQ3 oreasait ced gas i s HF. SUBSTI TUTE
SHEET (RULE 26) 11 May 2006 WD 03/046244 PCT/US02/ 37912 -38- 37. The

met hod,.of . cl aj . erein the_.cl eanin as is, F . 38. The method of claim
T il Bosmeiedof S D g M dep GE PR MeF ety T torses wnk BFod of ol ai m
32, f urohipasingiegddpi ofiattiy atingeheteaingdas butddestiieahdribatbefdiedeli@siti the Blgan@@s m xture
to a oéag theIC anbthe cleaning gas remains in a gaseous form and 40. The

or cla

met ho P39, prior to the step of delivering the cleaning gas to the
process chanber, further conprising the step of punping the cleaning gas

into %f%ﬁmn%dldf‘él&im44,3whe£l§5‘?he@'?e5'8%p% '%31‘!; ﬁéﬁf%r‘ﬂe‘&wﬁ h§ el SadlgP Of punping
the cleaning gas Into a storage unit, T Pher conﬁrlm ng The step of.

act i vairinhthe gloup eonsiding pigp reradie pepmy iseecet Hsatebiageband abelobicel sgwtd. ver i ng t he
cleaning gas to the chamber. .

43. The method of claim 42, wherein the remote plasma source is selected from the group consisting

of a microwave energy source and a radio-frequency energy source.

44. The method of claim 39, wherein the feed gas is HF,

45. The method of claim 44, wherein the cleaning gas is Fa.

46. Th_e method of claim 45, wherein the conversion is done by electrolysis.

47. A method for generating and using a fluorine-containing compouﬁd comprising;

reacting a fluorine-containing reactant in a first reactor to form a first fluorine-containing
compound; and '

flowing the first fluorine-containing compound to a second reactor, wherein the first and

second reactors are located at a fabrication facility.
48, The method of claim 47, wherein:

the fluorine-containing reactant comprises HF; and

the first fluorine-containing compound comprises molecular fluorine.
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42. The nethod of claim4l, wherein the step of activating is perforned

t hrough a nmeans selected fromthe group consisting of a rehiolMayphésma
source, a heat source, and an electrical source. 43. The nmethod of claim
42, wherein the renote plasnma source is selected fromthe group consisting
of a ni NYWP4tnergy source and a radio-frequency er?&Td{ﬁ‘”gHﬁ]rzce. 44. The
nmet hod of claim 39, wherein the feegl9 gas is HF. 45, The nethod of claim
44, wherein the cleaning gas is F,.”46. The nethod of claim45, wherein the
conver sj i s .dgne .b | ectrolysis. 47. A nethod for generating and using a
fluori %g'?’glﬁﬁ?eél?oﬁioﬁaa%é “gjﬁrrelﬁ‘ conprising: reacting a fluorine-containing
react ant i ntha fifst reg¢torrcemmiseran tlectfolytiewedl; éndr st f |1 uori ne-contai ning conpound;
and fl ow ng i - j he- i ni ng conpound to a second reactor,
wherein the® |ﬁlgétoglﬁcémgljé%%én%&ggg‘%@?s are | ocated at a fabrication
facility. 48. The method of claim47, wherein: the fluorine-containing
reacta | ; b B -ne- Llng conmpound conpri ses
o eear: ﬁ%ﬁ%}{r@ﬁgﬁ@ﬁ@ﬂrﬁ%ﬁ% S%dﬁfg%&f”}dﬁgﬁgn%gf&%*%@egooe VD 03/ 046244
PCT/ US02/ 37912 -39 49. The nmethod of claim47, wherein: the first reactor
CONr i SESTIRMoRGF SIANAY | wheeRlthe:secdMreacttr BRROA 2 LQRLiiGAIREY.S €S t he second
reactor. 50. The method of claim47, wherein the second reactor conpri ses
an etch chanber. 51. The nethod of claim47, wherein the second reactor
conpr i SESTHk mkeRAST §4iRR7,0ieiiaeHe scddrd reabhe isiRlohI9 §roodss abiRloffe@tdd to Wagk@i N t he
second rea{l:ﬁt ar hs the only process tool connected to the first reactor
dur i ng "PFEUIUHES 8% The nethod 6f claim 47, wherein the second reactor is
one of a plurality of process tools coupled to the first reactor. 54. The

met hod (of ¢l al.m.47,. .fyct her. conprising gener.atjng a.fluorine-cgnfaini ng

bl as T BEHE of sy e e n SRR R n e X BHSBRG T PRIS fcoiRHb second

r eact oo thofisries®s. a pl asna generator; and the nethod further conprises
flowing the fluorine-containing.plasma to a process chanber. 55. The net hod
of claim 54, wherein: the nolecular fluorine conprises diatom c fluorine;

t he fl abrTheenathod vdlaiindd futharmomprising geriesating afyatinesdontiininpplesve froadheal s; and

the pr ogeasriabladRiing ORPubS $BerBindeposi tion chanber.

- the second reactor comprises a plasma generator; and

the method further comprises flowing the fluorine-containing plasma to a process chamber.

55. The method of claim 54, wherein:
the molecular fluorine comprises diatomic fluorine;
the fluorine-containing plasma comprises neutral fluorine radicals; and

the process chamber comprises a deposition chamber,

56. The method of claim 47, further comprising generating a ﬂuorine-containing'plasma from the
first fluorine-containing compound, wherein:
- aprocess tool comprises the second reactor; and

generating is performed within the second reactor,

57. The method of claim 47, wherein flowing is performed while a substrate is located within a

chamber of the second reactor,

58. The method of claim 47, wherein the first and second reactors are located within approximately
200 meters of each other.
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56. The nethod of claim47, further conprising generating a
fluorine-containing plasma fromthe first fluorine-containlhilag@dfound,
wherein: a process tool conprises the second reactor; and generating is
perforn%ﬂ% ithin the second reactor. 57. The nethod of claim47, wherein
fl ow ng &%ﬁg¥£rned while a substrate is |ocated mﬁﬁﬁﬂﬁmgmngﬁanber of the
second reactor, 58. The nethod of clygim47, wherein the first and second
reactors are |ocated within approxinmately 200 neters of each other.

SUBST| BT EheShbhel of Rbikifa726erehlind iyt aa@QEnIQ 034 84 82441 RN 508 37912 - 40 59.

. ToXimate

The rretgéod of f%ﬁl m 47, wherein the first and second reagﬁors are | ocated
Wi t hi n “dpPIEE R e 50 neters of each other. 60. The method of claim 47,
wherein the first reactor is coupled to a plurality of process tools for a

process.,bay. . e t hod. o | aim 47, wherein the first reactor is
couple%ot2*3“%%&PEQWFGEGQEEWHgﬁggjﬁﬁﬁﬁ%cﬁ%kdWGPBE@§§fBay§S@ﬁaﬁwﬁie on
opposi tpeocgisties of a utility bay. 62. The nethod of claim47, further
conprising placing a mcroel ectronic device substrate into the second
reactor. 63. The method of claim47, wherein the fluorine-containing
conpourd. The miéthodofielgmid’ udheicimahe fBst reafoneédupled b aplutitityngpracekd tosit foPr ocess t ool
conpri %l‘dwésbﬂ’sﬂﬁ{];lgm Jo'sifesshessdf%&]hﬁgﬁ within a chamber of the first process
tool; reacting a I"UoFi ne-cont ai hi g‘reactant in a reactor to form

nmol ecul ar fluorine; generating a fluorine-containing plasma fromthe

- ol eculgar i : regi i at. LS. i | as gener at or
hat 1 o e RN SR B i BBl o By P

f1 uori SEPRYKEA NI ng pl asma to the chanmber while the substrate is in the
chanber, wherein reacting and flow ng are perfornmed sinultaneously during
at |ea ne poinf in tinme, 65 The nethod of claim64, wherein the

fluori ﬁé’-@?ﬁﬁ’f‘%"ﬂf’ i 42, hefigin thedhppnesantaining compeund issiatomie fustingf ¢l ai m 64,
wherein the reactor conprises an electrolytic cell. 67. The nethod of claim
64, wherein flow ng ¢ rises flow ng a second fluorine-containing gas to

t he chg%ﬁép?&@ggg*ﬁ@aﬁg¥ﬁ885%?d8?QWﬁg§4, wherein the first process tool is
one of a pl plecibg 4 firstedbsiatoeietsa dhanbies of thy firdt propds@®EISS bay, and are the only

pr QC ess to Ol‘e§ctﬁ£ yngO%ge-EO?lta%kl}]eg rerag'\tgrﬁ Enoe{ reactor to form molecular fluorine;

generating a fluorine-containing plasma from the molecular fluorine, wherein generating is

performed in a plasma generator that is located outside the chamber; and
flowing the first fluorine-containing plasma to the chamber while the substrate js in the

chamber, wherein reacting and flowing are performed simultaneously during at least one point in

time,
65. The method of claim 64, wherein the fluorine-containing reactant comprises HF,
66. The method of claim 64, wherein the reactor comprises an electrolytic cell,

67. The method of claim 64, wherein flowing comprises flowing a second fluorine-containing gas to
the chamber,

68. The methad of claim 64, wherein the first process tool is one of a plurality of process tools for a

process bay, and are the only process tools coupled to the reactor,

69. The method of claim 64, wherein the first reactor is coupled to a pld:ality of pracess tools for
process bays that lie on opposite sides of a utility bay. '

 SUBSTITUTE SHEET (RULE 26)




69. The nethod of claim64, wherein the first reactor is coupled to a
plurality of process tools for process bays that |ie on ophlosfay@085 des of
a utility bay. SUBSTI TUTE SHEET (RULE 26) 11 May 2006 WO 03/046244

PCT/ USO%@Z;?&%z;“ 70. The nethod of claim64, wherein the fi rst react or
i s coupl d*plurality of process tools for a proc@@&BF!2 71. The

nmet hod of claim 64, further conpri si 4,9 recycling the first

fl uori ne-containing gas after rovvl hg. 72. The nmethod of claim 64, wherein
t he nokgc i t hod f using a
chanbor o piatiod SRR o ottt PhbHE o LRuefb TF gt i

gener aPIo&es 88¥f | uori ne- cont ai ni ng pl asma using the nol ecul ar fluorine,
wherein generating the fluorine-containing plasna is performed within the
charrbe 74. Th thod of claim 73, further conprising reacting a

fluori %m%’ﬁf’&gmmé&éﬁfﬁlﬁ%comﬁﬂ%grr@a@%theﬁ@t fljognarontaininggdse@ed ar 1 uori ne.
75. Thaowmg hod of claim 74, wherein the fluorine-containing reactant
conprises HF. 76. The method of claim 74, wherein the reactor conprises an
electrolytic cell. 77. The nethod of claim 74, wherein: a first process

t ool c@2rpThe srethod bfxlaih a4y édErein #Andldodlarflubiide i AGAS Budrg®! 1S one of a
plurality of process tools for a process bay, and are the only process
tools coupled to the reactor. 78. The nmethod of claim 74, wherein: a first
pr oces 33.t vwkthedbirpusing @ shaniber colrpuidigr ; and the first reactor is coupled to a
plurality o r S bays that |lie on opposite sides of
a utility b‘fz]aci;‘Rlli &glrafa%hﬁetfogcm%b%b%gss tools coupled to the reactor. 79.
The net hod Eﬂler@ﬂ"alarﬂwrﬁle cwmmmasmhomgﬂty maerplei fuesnd vbatim gerrafigetield gas to
t he chanhgt. %ﬁﬂm further conprising: placing a
substrate \E/\nc%nﬁd??\ng;gr:agmgﬁ? gHWIg‘!"ﬁgésqlhtz| ng a filmover the substrate; and
renovi ng the substrate fromthe chanber after depositing the film and

bef or S74 I1uiniod ST T biFfer Sblhpriting Raberg & florihd-cdtihih0Ri FRAQAG244

PCT/ USPZ/ 7912 -42
the molecular fluorine,

75. The method of claim 74, wherein the fluorine-containing reactant comprises HF.
76. The method of claim 74, wherein the reactor comprises an electrolytic cell.

77. The method of claim 74, wherein:
a first process tool comprises the chamber; and

the first process tool is one of a plurality of process tools for a process bay, and are the only
process tools coupled to the reactor.

78. The method of claim 74, wherein:
a first process tool comprises the chamber; and
the first reactor is coupled to a plurality of process tools for process bays that lie on opposite

sides of a utility bay, and are the only process tools coupled to the reactor.
79. The method of claim 73, wherein flowing comprises flowing a second gas to the chamber.
_ 80. The method of claim 73, further comprising:
placing a substrate within the chamber;

depositing a film over the substrate; and

removing the substrate from the chamber after depositing the film and before flowing.
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8t. The nethod of claim 73, further conprising: depositing a nmaterial over
a first plurality of substrates; and depositing the nateriHlMay@60a second
plurality of substrates, wherein: flow ng and generati ng are perforned

after dS’E&&*'M% g a rraterlal over a first plurality TZI%Q%{]% tes and

bef ore I'hg the material over a second pluralit rates; and
fl ow ng and generating is not perfopored between each substrate in a first
plurality of substrates or each substrate in the second plurality of
substrates. 82. The nethod of claim 73, wherein the nolecular fluorine is
di ator‘rgl Tthl uor| U%SEMIUTE SHEET (RULE 26)

e metho of' clarm eT comprising:
depositing a material over a first plurality of substrates; and
- depositing the material over a second plurality of substrates,
wherein: .
flowing and generating are performed after depositing a material over a first plurality
of substrates and before depqsiting the material over a second plurality of substrates; and
. flowing and generating is not performed between each substrate in a first plurality of
substrates or each substrate in the second plurality of substrates.

82. The method of claim 73, wherein the molecular fluorine is diatomic fluorine.
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