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fluorine
passed through an inorganic, nonvolatile absorbent material, such as sodium fluoride (NaF) or the

like, to remove residual HF and then through a filter to remove particulates.

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. Purging with nitrogen can introduce contaminants that can
dilute the F.

Not only are currently existing fluorine systems very large systems, but because F, is a highly
toxic gas, they also require complex treatment (abatement) systems. The most common treatment
systems are not space or cost efficient because of the considerable utility, space requirements, and up-

front installment expenses associated with them. Further, standard procedures for handling fluorine
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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 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. Those embodiments can thus reduce or eliminate the hazards

associated with the transportation, storage and handling of cylinders containing toxic gas under high
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at a lower cost than prior art methods. Those enbodi nents can thus reduce
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required by prior art nethods and systéms for generati on and distribution
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direct air to the process gas generator, a normal output port, and an emergency output port. The

cabinet may also comprise an exhaust system. The exhaust system may comprise an exhaust channel,

a normal operating channel, an emergency channel, and a fluorine sensor. The normal operating

channel may be coupled to the normal output port and the exhaust channel. The normal operating

channel can further comprising a normal operating valve. The emergency channel can be coupled to

the emergency output port of the cabinet housing and the exhaust channel. The emergency channel

may further comprise an emergency exhaust valve and an absorbent packed material. The fluorine

sensor may be located upstream from the normal operating valve. The fluorine sensor can be

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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may further conprise an energency exhaust valve and an absorbent packed
material. The fluorine sensor may be | ocated upstreamfromthe normal
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l'i qui d. outer container may be configured to store a process gas generation cell containing an electrolyte
liquid. The liquid-tight outer container may be sized to contain the process gas generation cell and at
least all the electrolyte liquid inside the process gas generation cell. The outer container may
cdmpn‘se a material inert to the electrolyte liquid.

In still another set of embodiments, a method for cleaning a process chamber for
semiconductor or flat panel display manufacturing can comprise converting a feed gas to a cleaning
gas in a remote location. The feed gas may not clean the process chamber. The method can also
comprise delivering the cleaning gas to the process chamber.

In a further set of embodiments, a method for generating and using a fluorine-containing

compound can comprise reacting a fluorine-containing reactant in a first reactor to form a fluorine-
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the cleaning gas to the process chambe®: In a further set of enbodi nents, a
nmet hod for generati né:j and using a fluorine-containing onpound can
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fluori "ol AbRENS ARARL AHe gbfbralioh 8RG bOperfdrfed i@k Madmk getéta@dr tfat 1406dat@. The
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fl ow ng the fluorine-containi ng plasma to the chanber while the substrate
is in tleuitaeaebdy dures lepi gnaprintin BWfng nay be perforned simul taneousl y
during at | e[ﬁﬁtﬁnﬂ{}?se?gf dMibolifhentsEmethéd Br E1edniddar chdfber 0dn QAPASH MARARS .

nmethod for cleaning a chamber can conprise flow ng nolecular fl or|ne into
a chambarolesnldr geqmemtp AghasnbPT UEeRfeateE A fPTIe RGBS RIS TE HHRE R EISY &L Ul ar
fluori ngy, l}fbe’lfhle'fﬁlﬁflﬂ'&ecoﬁﬁ{?ﬁ@'ﬂsﬂﬁ Bl RSIRerERMWIEN RNBIAEd W thin the
chanber . e foregoing general description and the follow ng detailed
descri pti on Bredorsgang el cém@phe&mdathetoti?\ymeHttyleéHEFCEP@“ﬁ&eXF@BIPW #fj ve of
the in Eleidn Gk @i B4 in (RRIgEENJRESERISPTI ON OF THE
DRAW Ncgmh@%pr? qg&?@tﬁgﬁ%ﬁ%?gﬁ?fﬁgstrat ed by way of exanple and not
limtation in the acconpanying figures. FIG 1 includes a sinplified block
di agram of one enbodi nentgatriPISCRYSHON GEHRTRESHNG] ow for on-site
generation and distribution of a process gas; FIG 2 includes a sinplified
bl ock di agram of another enbodi nent of the method and system for providing
on-site gen t @ntmnmnﬁg fliu@ﬂrﬂtéd@} Wiy of e RInPREHE ndiasniAtioih theREondpanying
fabrication ity; includes a nore detailed bl ock diagram of an
enbodi ndiguress the system for on site generation and distribution of a
process gas;gfg, (lz‘mc‘ﬁjd'eiiHﬁblﬁ@d@ﬁocﬁﬂﬁg@ﬂhﬂ@h@&ﬂiodﬂﬁenﬁofﬁﬁ@@@t@ﬁ af@BrogRpAsAL i On
cabi net incorporating a dual  exhaust system FIG 5 illustrates the air

f1 ow t hrieueyhsiteasnaseiiongpd iptbution ph# BIOCEHH B¥her gency breach situation; FIG 6
includes a sppbifdRds 2 SnpBficABIRk dfagf2BRIfARGRAr 3inb&TIMEt ofithb lethodl bitd sl’ylstBMtl on

system f or
for providing on-site generation and distribution of a process gas at or near a fabrication facility;

FIG. 3 includes a more detailed block diagram of an embodiment of the system for on-site
generation and distribution of a process gas;

FIG. 4 illustrates one embodiment of a process gas generation cabinet incorporating a dual
exhaust system;

FIG. 5 illustrates the air flow through cabinet of FIG. 4 under an emergency breach situation;

FIG. 6 includes a simplified, diagrammatic representation of a bulk distribution system for
fluorine, or other process gas;

FIG. 7 shows one embodiment of a secondary containment system (cart) housing a process gas
generation cell;

FIG. 8A shows a view and front face elevation of one embodiment of the cabinet of FIG. 4;

FIG. 8B shows a front view of the interior of one embodiment of the cabinet of FIG. 4;

FIG. 8C shows a sectional side view of one embodiment of the cabinet of FIG. 4;

FIG. 9A shows a plan view from the top of one embodiment of the cabinet of FIG. 4;
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fluorine, or other process gas; FIG 7 shows one enbodi nent of a secondary
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FIG 4; FIG 8B shows a front view of the interior of one enbodi nent of
the cabinet of FIG 4; FIG 8C shows-ta sectional side view of one

enbodi nent of the cabinet of FIG 4; FIG 9A shows a plan view fromthe top
of one enbodi nent of the cabinet of FIG 4; SUBSTI TUTE SHEET (RULE 26) WO

037046244 Fl):gél éﬁggﬁ/v\%%%iﬁ% on'téh TR cabiBerSN@WEe Bp BF @B cRibst@Reridved e Cabi net

with the top o e enclosure renmoved to show the interior of the cabinet
of FI Gsholy thEliGeric@ Gf thhoatdned opFIEn4ion t he process gas conpression, purge, and

cool i ng syshemg: g, ANG an | PR ga@ torhiftEssoaHunRt adfcobilg systémedTdnEl G 9D

shows a pl anon e process das generation cells, filters, and hydrogen

f1 uor i @mbbdimest of dic webisetofBKHi4endt of the cabinet of FIG 4. FIG 10

| ncl udes ang; td RYSb&IR §RzerRRiridh balsHRRES, d HBrogadiwbindt kfaut i on
of ol ecul gFrIb' ?#E%Jr\?sndeﬁ%c%ord n t% an enbodi ment described herein. FIG 11
i ncl udes ose gniodassit of thecadingtefdlyibr the on-site generation and distribution

of & 105 R0t AL MG FOSBRALD erd 66 Al ent Qi gur@ BRRHLABIYS ifeclak bed

herein. FlI ustrates a nett or generating and distributing
f1 uori rflofine aczoridingrtd emerntndimanddeseribed kereBr di ng t o one enbodi ment of the

present invgnlj Pﬂiclug!esa(?sqrféegs A0 did ka2 hOGSsi pORepston b dMstEbawh aE f or

generating and usin uorine-containing conpound accordi'ng to
enbodi nbrtise-desaning eamprandacsordgigite proembgdimesbirseritsd PaeiNat e t hat el ements in

the figur SSrl 92 ﬁlysaﬁéga%&ﬁoéﬁg{e gedbRhd aq,hrdmmdrﬁﬁmhhs $or @ RefbricdHaH prooeds

necessarily rawn to sca For "exanpl e, e di nensions of sone of the
el ement®cording heonefampadigsningfyhenscsentagj§eitat ed rel ative to other elements to

hel p to inpgpve ’ @Q{é' &Qf 10 TR S8R esneptink B RIRSETHorihd WO
DETAI LED DE [H#%ﬁ@é ergeﬁrg% isO\nowglqnade itgn edet gil t([)n%t he exenpl ary

enbodi mmwmamwémm@qumnt@ﬁ%?%f@?- which are illustrated in the
aCCOnpgé]%ﬁir%erhgar&i{?g%\%p%%ﬁiatel@ﬁ%ﬁ%%ﬁts ﬂﬂﬁ@ﬁ?g@s:aré iNBstREor sRARICRY &R MHIPSdS W | |

be use roug e drawi ngs to re

r to the sane or Iigree Parts.
(el enenias} notFieeessaviiceqen deavndp saled ot kamplgJhe SEpYIV OGRS o Hes eqepisgeihy of
hazar dOH%J&%? ek SodeRled rél?tWe't&%b%n&h@Q@ﬁ&&ﬁ-imEﬁ@e ekadharpbs of the
system e

met hod a scribed herein can provide t ability to generate a
pr oces serglaslimentod! thespresghtaeyenBen - f | uorine, at or near a fabrication facility
nore efficiently and at a |ower cost than prior art nethods. The

enbodi nents can thus reduce or elininate
DETAILED DESCRIPTION

Reference is now made in detail to the exemplary embodiments of the invention, examples of
which are illustrated in the accompanying drawings. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same or like parts (elements).

The conceptual groundwork involves providing safe delivery of hazardous materials for
fabrication processes. The embodiments of the method and system described 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 eliminate
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) system 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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t he hazards associated wth the transportation, storage and handling of
cylinders containing toxic gas under high pressure, as is currently

requi red W9 oppoian4 art net hods and systens for generation &ea/usdy/smii bution
of process gases. The enbodi nents can al so provide a conmpact and fully

aut omat ed (one-button) systemfor gene7rat| ng high-purity process gases on
demand at, or near a fabrication facility. For exanple, the enbodinments can
gener at EripRATEYSERF thel Baipkindaga veHeFs REPrpessusas sxlingyrs o Rerthsr, esbodimants can

fabri catddape sQfihnate @m%n@em@m\e@ﬁ% aASPQ&hd fop&n(m&%g; of tSﬁ@ﬁi‘Piig; The

"supply only when needed” abhility of the enbodinents can amat 1 c
reduce  BHECIalEd b thereensationiod 2 prasess 4% 4d santedige theabiipramt exstaaieauiroments

SUBST! THddaePrddatery( (Rl Berdted POcE3/ o046 2 Redd dRPRIcAE Bddeas 7 Prior art
systens that _maintain |arge i nventories of ocess gas cylinders. Further,
embodi ment s &sMbpdiggatso e@fsrem%ém@tmwasav&ﬁthﬁg@scmmﬂm fuesinef pri or

art systg@ﬁesatmrablﬁmraahg Rl eKuckifies. ! In@He slﬁbodaﬁéq@qvae?ﬁmnwgén@ra%otl Cabinet
generation of rocess gas and can reduce the abatenent system

requi r efidhitaye t%e meP@'Sstaf ey beipgthpt afylopst pug fdhfluseias eclly issp eperationakalby ent
of a pr@aRSSvHIRSnd dKere bilie BINBARIIIB Moendting NEhis XSS RANpORERQYdRscr i bed

herein can conprise a fluorine generator cabinet having nmultiple fluorine
cel I's. FeflupdracesnsBRiPRRSRTS, 52¢ BRECTRIIQM2R he mgiviined ibthe event en@q?l Tequirps mm@nm .
f1uoringy mahd Svent 18 ckll@@uiei ng that at |east one of the fluorine cells is
in operation at all times, while one or nore of the other cells is
regener at i ng® dFRIPYIQIHHETY (s bF 6pHPIRI Y the Byorinz serarstoraad apraiietp distritubet

process jaaable Yuskintd £ cGﬁ@ntpﬁloH@ém@écGﬁpﬂﬁd?mE h;eon%\sﬁ%reapr&%éslto&@% LR
mai nt enance or in the event of a cell failure. di stribution system nmay

be coupPeForisr flnsing maybp Hied durieg afabiicaienpregsey %rmhé fabgication of dayiseesuchiesi r abl e

quant i t i8so@BdroRRIHE GBS, RlcaAR rbrolPdiRAH|cfEuils! LRIl OQILLRUORSe el RaPT OCESS
tools. As such, nolecular fluorine nay be used during a fabrication

pr ocess PRist displaysios s davicenvhich may belabnceisd ps describer datan thistspesificetiorevi ces,

I ntegrat ed i gloRELISCATRAE genGﬂafdP \A};Som&ﬂraav%&y sEBSRS I e RaTRdc R ERS, f at
panel displays or other devjces be fabricated as described | ater

inthis pgrﬁé'éﬁlffﬁmmhfacwynﬂihésmeaﬁormamWlﬁ%ow%qe@ﬁttml ritlyrabignepiopesatophr i et y

of si zeglohg abidcesdBhy, Be dnhi@ ralRRbARS @ity ! daﬁear%h; bﬂabﬂ c%ﬁﬁ&tfi‘eﬁfoh GathinQRe facility.
The gener at or_my service one process tool ural ity of process tool

al ong a fagile e e Ragpss qap &e uisdint epnfunpianadth %fﬁbrfcagm qriclpanipg opgeasien. yThapyosssher

conf i guiglart@iian, bl @ui&éaefor dagink idtpbsitidNEraRbEAS 85 Sse ANhORICHERDrdricsGRIUsHNCE | ON
with a fabrlcgeél on or eani ng gperation. The process _is particularly well

suited for ot £4 Praridied fprid 8 uadersiandipg the depariptipasyibas fllopt e cs

i ndust rYerrnAfd’bﬂ&‘étIoﬁifa{Emtﬁ!ﬁ@n%ﬁéd\t@Q faﬁm?kvﬂéreM@Gel&&mﬁbGomﬁbnumg%és%mn&' &g the
descriptions th ow. The term"fabrication facility" is Intended to a

t
facilitjnafHes @e?ﬁ BF‘H - &t PPl ce'e)Wﬁ'aﬂee%ie@coag@mafeééabnmnon fsiirés are

fabri Caﬁrﬁébraté‘dlc@&ﬂmkﬁb@@ﬂ dcﬂ%h@ﬁmﬂty&?ﬂc?&ﬁdh‘@ﬂl@ﬁow @s%enfntﬂ%afabm%l Hiad
facilit i nt egr.ated c:ﬁfgw t assenbly fpacka gin

m cr oel FB‘?‘ﬁ‘%OrMH‘L‘}ICéy stk P3pek dinlay; ff“iflcatf‘}‘ill Aeility; gr it qﬂ‘ﬁng?@?’ﬁwnlfﬁfw &
cryst al néefinfeh@id tPmoRHe sleiepiY pla@bplhstiad hanfdcasihg teNity @hefeMicloé1k&ronic
Fabri Catd!evqpesfa?ecr{olt 1I)rto¥uce§), 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 usually 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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not intended to include a chem cal plant, plastics manufacturing facility
(where mcroel ectronic devices are not produced), or nuclear fuel process
pl ant w tWon3os@4def mtion. The term"lot" is intended toPogaArsoz319mt t
conprising a plurality of substrates that are processed together
(substantially at the same tine or segientially) through the sanme or
simlar process operations. Wthin a fabrication facility, substrates are
usual | y pr otiessed poscess tbalt istinterided toyasih 8 picthef equipmentdhat has apteasrane reagtyr, but
are usual Ly.n reater t r.0x| ely 50 substrates. The term

" ol ecd’f‘&'rh}/“f‘lsglﬁfgf’tﬁ%aref?aﬁgpgﬁﬁg%&?ég%rr&éan a nol ecul e that only contains
fluorine aTensm F2acts" @aintexiadiyl recapkn appeabigvderefcheraicdl hends Breechangedn " pr ocess

bay" is.jntended to an I hr | ' [ dohY YA ates
oy be oIRGB RaacrPikh Rleodhroit G st oL A B SR
03/ 046 2hkIdREIWHISODY, B FDIRs chagbEh plasrey gentprop eeths like o non-miting expgrdde of@ mean a
pi ece of equi nt. that_h i | ; es are
Capabl BT gpdRRs STt FRheo MR ET R as i loliTl SR BHRE AR
appar atdeposifiar chaibei cal bonds are changed. Chem cal bonds may be nade or

br oken (dec osi t,i.on .or. pl. e i : | "
el ectrol yti @H%ém‘ ’un ltyp]?'agcfegélgtgc %%nﬂ%ﬁgf‘gg@adg%@ﬁgégﬁ%? b%)};r]\g!t\eyh%&ﬁllnﬁg&eA

non- | i nduppling te pmigsk eoobsf and whercooebanichsambien toitheqrerdssdodls mesbenadd ithewt process
chanber, . such as a chemcal.. or ' V, [+ 414 . e term
T v B oty R Rl e LR BRRRRILY Qb SRIRREL balUE | S
utiliti@deRswethe sropgk bad The ppces bas maydk docatahtithinecleameomasidodilitydaysyinge t o

the pr °§e§§§sﬁtécd§ﬁ4ygbeeflfs%t£% (LR By bbb o S o\l ednfiBor BAGES oY motha®

utility gcat’e ween 1 nmedi ately adj acent process bays or
bel ow t ¢leanpis tiegsscekrebays. The process bays may be located within a clean room

and utility ba na be | ocated. may. - 1 WSi; e ol .ean, oem or
within the é‘lsé'g% }Ff)%hﬂﬁg?mgt &ﬁ H%S%Zt icgﬁpljhs%fg?a@g]ug%[éaﬁgg@]{éheﬁ%’r o?:%vrsngénbays.
As usedotuy @iher varfagor themef, dre orpdedesover 4 pomprciusiva gnctusion nEoriggample, a
"including,”" "has, ", "having" - A Ak 2o 1ahied lhit.ended
(o covePBA R R LT iy BB Bl MRl LiOenck OB, 860 b

arti cl ethoseelapmisrtat sy tnhlatle ctherpldmeats nat dxprseshiolistad|op inhiprert tp suchprocesécessari |y
limted onl t hose el n ' LofttaBTRR RO 28XPT €SSl y
li st ed B‘”PC?S%’%&FE“'M’ ' %Pﬁa‘gﬁg'hﬁ‘g?hggé‘s"g% )é‘%?%icyttaéggedqgtrh? i'Cle, or apparatus,

Fur t her jnclusive ssandxipt s Exclesivatoa dFar gxanimie, ¢ spnditionyA or'Bis'satisfipdhysany @nepf the

i ncl usi QF_angd. ' I XIS (oPndt BRGDRNBAs OF B i's
satisfi }elogloﬁg/nganmylsgﬁé(Oggre?ﬂlg%glgﬁ?ga\\ra%rgg:mtﬂé:rig%nt?r ue (or(opr egent )) aand Bis

fal se (one (oprepmisanttpth MandB prgltmie (Toresend: present) and Bis true (or

o dotali s oreRBi fin? BRecdiads Bt B e e e can
conpri sbkeremeancommise ofid arandrnBuqyinn gengratarsprpdusingenaiesulen flecsinp suchfas foflrongh such
as F2, Eh%re?e%gglysis of HF in an electrolytic salt. This process is extremely efficient and can produce high-

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 capable of producing varying amounts of 2 process gas on demand. A typical ori 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 gas. Embodiments can also comprise a fully automated programmable logic

controller (“PLC”) controlled 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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the electrolysis of HF in an electrolytic salt. This process is extrenely
efficient and can produce high- purity F2 and di atom ¢ hydrogen (H2), wth
the F2 diweaB®dh2sHo process tools and the H2 directed to amCTAShABMYI2 Syst em
Further, the enbodi ments are capabl e of delivering a process gas, such as
mol ecul ar fluorine, at both sub-atnospheric (negative) and

super - at ppspheric (positive) pressure. Enbodinments are also capable of

pr oduci rife i#5# Yeipgthatableatt enedf the fhiosipeesdls gay boim ajemtiendat al\timypwbi¢ oreror dremand
product i @Ay r grans per
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Enbodi nqgﬁ@,ecan al so conprise a fully automated progranmmbl e | ogic
controller (" PLC) controlled systemw th a touch-screen operator
interface. THE. il ayimplieddlackdizum ofapecmlodingaselihs systemfand proviss Fow darlons  and
al arns. s'fth”g&&%ﬁon@nd: &Q‘l@\m’égqf Hﬁ%@es??&@ %c&@@%@eﬁer& ons %@éﬁﬁ@?x&h@g Mg h a
process toal and can housed in itTs own compact cont ar ned 'cabi net .
The enbcHPRiBHPS 1P WW@SS@%@?@W&W%!M@ oesgmbodinnt, wuasupplu biné haxagdner at or

cabi net Ray f

gener at odrg cg)g?%pé?}%g?\m aas/cgloty\%hpﬁrﬂgrr%%énigaé gﬁle%gn %{%g% ?’%{}EO@HI;%'T ‘%‘%&. 26)
WO 03/ 04 paocerseps ergmtigy eells 14 cap hefe amctféaelmiolyge witlzin praresk gagenapatonctlls e
fluori neaf 8k el Fathsdifin bidnIORES AN Alerlively) &m&?ﬂ 55}{%@' QLrIRE of the

other cells is being regeneratin Thi s con ur at ystem
r edundarkofpsgumiiyaride. Husiae seerafios, theeells i mwr@am lﬁegamdmaatr ameaintsiof HheSavent

cel | maiflLR@RCS 1 ishRo Blh}ﬁlt%%ro&fss %eﬁéje}atwlx @e'llg h Gith e & 2 rgdlﬁs a sinplified

bl ock diagram of one enbodi nent system an proces ow for on- site
gener at i on akRfharosessigauganeratiastcel lﬁﬁﬁd@sﬁgu@%ﬁsto aprespesEngesuniididends caringy st em

10 i ncl Lb‘}ﬁ@m"@ﬂ#essu?é’d@@ﬂg dnktN@ n%?ntBl@tlQ eSw@l‘ﬂﬁ égﬁo%‘s%gé Pa%onﬁ&]lll%f 14. In

one enbodi ment, input supply line 12 can used'to s to an
el ect r ol §ROENGAYSHMISrevidss soq)ins teyiésresrastive nroe@p Benetation qailewpusmg ewgcuang

gener at egolitpwatrAeBdsh aaa,gg@aanaag mn A@mbug% nbfH6, tp@ce'ﬁz 1@@%& \nhect rolyte

wi t hi'-n process gas generation cel can oride

and HF. SEPmdieatis opd) apd agspeatad @lernbag ;wcé amgubnn@mlm@mapareﬁmfeeqmm@sa@mg
fl uori deqF fauhd Q16ctQBE! WHiliR the tdRe vaH) He§nn%4c09ﬁﬁk BY R G 05%“9 AgoriE ger‘e;a%‘re

amounts of H2. Some percentage of HF I's al sO out put from proc
gener at i 1OP may be gamiaingidaa eerstapierapRAtHp. F‘E&éﬁ“@%@@‘é@ﬁ Oéaselq@nb’reamm cell 14

can be GRHBMRM tyQsidg 96&1§§ B IRaftabd %la@&f ih th%@le@t?ﬂyt@ of HPhiRE) gtlcsé’eﬁltaﬁmoggy

Pressure sensjng unft monitors the pressure within a précess generation
cel | 14.coolmggh ?%CFMIFQW@LB]‘?W‘PG@E cooling to its respective process

generation cgli URImEhch Bfokdss Yastehdist; Qapim& bR &Jh&;ﬁ}e ool i ng wat er
| i nes 20, A|,th1(§3&tﬁun0t scogln gagtge s wt@,t ege m%t eam heati ng

coi |, ar®mpinedbydogcn Ryhbsedg %Muelgd @ agmfﬁ@veafbm@mmmlphydaqg@n autpwdide pi pe
for addIZQg HyttogbPouthiR heddeClariobothRd ¥ dxRhat Jir@t@mt?gnklﬁ)ls\f\wtgﬂ tB%@;ahgngté}rg 94 ing,

or both, the on-site fluorine generator e nal ntal ne

const anta"f 16p &t s entiationsy e 26, Widhsrhavets dre Pbr'io i eutsidoptyoephargy be

gle ; 1(‘: ?; (r)r:sst PZF"@F]PQQ% g/@éel aﬂﬂ;ﬂ’cﬁ o GRbAIhCE WHRS iR Hoth Brdcb\S o RELEQINESs Of an

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 F) 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
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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cooling the outer walls of the electrolytic cell. H2 is output from each
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oper at i on curs, process gas stem 10 can be
configured tmmdewtcmmpludmesms comjroehme@ha@ﬁml-ﬁmtcmng 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 trép 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 process 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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trap 32, e.g., a secondary HF trap 32. Process gas generation system 10 can
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smal | ﬁ?ﬁﬂ)hm%ﬁ@ﬁbﬁﬁmﬂgmfpﬂsre is output through output filter 36 and

provided to O%Hu'f'ﬁfter%'c%eoi n@%‘r‘ﬁﬁer%&'&%&%mt%ﬁ’é‘ﬂﬂte@s 10w td @68 i th e

conpressor. Both of these enbodi nents are shown, respectively, in FIG. 1
and 2. @emersesan4d ernpe @nomspepd pangplietl omprysser. Selbrresswre contober 38|carbe @ calhd

f orwar dﬁx‘ésshf%c%ﬁ@rél]e%%%%?oth&?é&%FhQ'aher 38. Cell pressure controller 38 can
cycle process gas generation cells 14 on and off based on process gas

demand as nédbovghdohshownén Flgisul ande, progespeaseenarasiop gystaay 1@ eanknchde ofhgr gas i s
provi deporﬁrﬁ’onl%h'geﬁg)lfplﬁgaéahapél&nki}g Riteh 6 Hoke %rtﬁega?tu Etﬁh%&[} bRt ?aZvig’%&%pg from

| ow pressure provi tO conpr essor ressor
42 is ceagpsheEdranglucesdy tbﬁfr@glyawée%msrséhnqoaﬁ ﬁltere)atafrauousa?pmtsus the gas piping, and a

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 erﬂbodiment 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 output filter 36, F, gas is provided directly to compressor 50, and from compressor 50
directly 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

process gas to process tools at a positive pressure. Process gas generation system 10 of FIGs. 1 and 2
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output, to process gas storage tank 44. Conpressor 42 conpresses the F2 gas
to, for exanple, about 100 kilopascals (KPa) or 15 psi in process gas

st orage twplo3d4da244r om process gas storage tank 44, the pPOTAs82/g@s2 can be
provided to one or nore process tools via process gas feed line 46. Process
gas feed line 46 can be at positive pfessure. Qutput filter 36 can be a
nonel filter or other suitable filter as known to those in the art.
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domstrmqg LS de€t. Cell pressure controller 38 (of FIG 1) upstream
of | ow presosﬁ'?le bﬂ?‘ﬁare tank 40 can be set to cycle (e.g., vary the punping

rate of) colpedsisaslighrly mersdaiiledblotiedipgram ofaneembodimentand theespistem fqyoosiiss gas
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conpr es
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
operation 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 various
interconnecting piping and manifolds. FIG. 3 is an exploded diagrammatic view of the simplified
process gas generation systems 10 of FIGs. 1 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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I nact i VForg'wdlecﬁl&r&%ﬁ g&lnecting piping coupled to cabinet 200 to house exhaust system 250, House

exhaust system 250 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 other

filtering components before venting to the outside atmosphere. House exhaust system 250 can

correspond to, for example, service ventilation system 26 of FIGs. 1 and 2.

The embodiments 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 to 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 pulled 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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val ve 2@95 1841t aff iRh 96 DeeMei s Q@djr%balred A fabrication facility employmg 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 opposed
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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Negative pressure multi-point distribution system 300 can also comprise one of more process

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

and 3. Although all the connections, pumps, filters and manifolds of process gas generation system

10 are not shown, the same 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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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 can be sized as desired

for a given application (e.g., approximately 10 liters).
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pressure) is detected at negative pressure bulk storage tank 310. This can be accomplished, for
example, by use of a pressure transducer communicatively connected 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 pulling 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 (e.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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at  pr oCRRKEuRFe g WRRMAL RS ab JestAbedABE eCHELcSs Jol BerlRFA6F 5o ¥3cled off. Gas
generation is cycled off to match demand and to protect process gas generation cells 14 because, as
discussed 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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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 cells, 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, such as F,, on demand. Thus, the embodiments of the process
gas generation system can deliver, for example, from approximately 0 to 700 grams of a process gas

per hour. This means that they can generate process gas in amounts anywhere up to their maximum
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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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to install or renove Process
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, including touchscreen

810, viewing window 820, and vent input grills 830. Touchscreen 810 can be an interface, such as a
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gas generation cells 14. FIG 7 shows a containnment cart 400 housing a
process gas generation cell 14 containing electrolyte liquid 410.
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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 development 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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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 process 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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ability fluorme generator 1001 may further be coupled to second process tool 1010 via second distribution

line 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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w thin the fabrication, _
~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 material (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 chamber 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

SUBSTITUTE SHEET (RULE 26)



facility. For exanple, first distribution line 1002 may be a doubl e-1ined
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|(orocess bay. As such, desirable quantities of hazardous materials, such as
F2, may be safely distributed to a prégess tool, systemor cell. In one
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conpact and portable, fluorine generat orl g]sst

appr oxi AERTEXiN25E PRRSEBCQUIPMEERS aclitomesy Ot”cf@b snctroawmae@ ejtp pjoducg oyamiablt ed or
coupl edambihtL4nd@bndeREHdns of hdiQUlaP AuGRE %§1§§ M elé'c%%fte%&e s AschAbRASBotebraNy
partlcular rocess tool as the physical bodies o uorlne gener at or
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dedi cat gdistBth@ach electrolyte cell producing a volume of molecular fluorine. As such, one or more of the

cells may be used to provide desirable volumes of molecular fluorine to one or more process tools.

Upon generating the molecular fluorine, the method proceeds step 1202 where the method
distributes the molecular fluorine to one or more process tools. For example, a distribution system
may be coupled to plural process tools and operable to fluidly communicate desirable amounts of
molecular fluorine to one or more of the process tools. 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
within 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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single process tool or automatically to a process bay. Alternatively, one
fluorine generator 1001 may service two or nore adjacent process bays.
Typi cal | ywotohes@ener at or may be |ocated within a utility pay/sdy/smoent to a

process bay that it services. In still another enbodinent, the fluorine
generator 1001 nay |ie between and sefdiice two adjacent process bays. In
still another enbodinent, the fluorine generator 1001 may be noved from
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process t'ool "1100 ecu ar fluorine 1's generated el sewhere
Wit hi n ¢&aminants 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 decomposition 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, gas may be used in a

reaction within the chamber. The process can further comprise using the fluorine-containing
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fabrication facility and flows to the process tool 1100 through the
distribution lines previously described. The process tool 1100 may further
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current or subsequent processing. Examples

Plasma etch example

An aluminum-containing layer can be formed to a thickness of approximately 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 patterned 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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Upon utilizing the F2 gas, the nethod proceeds to step 1204 where the

nmet hod ends. In this manner, this fabrication process advantageously
utilizes W0 oshi@t has been generated and distributed on-®crasops®xt mal, or
distal to a process tool operable to utilize F2. In one enbodi nent, the

met hod may be nodified to use an accun2f-at or associated wth a process
tool for storing the distributed F2. As such, an on-site generator nay
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fluori ng?_lg%]qt ai ni ng conmpound (F2 gas) to a process tool (block 1322). The

process can conprise a chanber, in which the F2 gas may be used in a
reaction within the chanber. The process can further conprise using the

fl uori ne-cont ai ni ng SUBSTI T%SﬁwFEF%%%géi%m 03/ 046244 PCT/ US02/ 37912

-28 conpound at the process too n non-linting exanples,
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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;, NF;, SF;;, CF,, 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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FIG 13, FIG 14 contenplates the use of a plasma. The process can include
the reacting and flow acts (blocks 1302 and 1322) as previously described.
The procewe ogass2iiurt her conprising generating a fluorinePcontsay/siony pl asnma
fromthe fluorine-containing conmpound (block 1462). The plasma nmay be
generated using a conventional technigife to formneutral fluorine radicals
(F') and ionic fluorine radicals (F+, F, F2, F2', or any conbination

t her eof §r. otHdn epgot b rakingdnyto e oge teratued ofisabd fiora whivhribgrsitodfre tdte rgneed ke t 0ol
or outsjide.the.chanber. |In he, | : | as enerator may .be connect ed
bet veerd PHIYAY 6 Perrrioveh Afpifl o Beor A SRR S silibha pels

f | uor i net eapbaperfongedhises the cichingor bleaninz@ased ect.usé¢dto ommevs heciepasits. eRgpad] nent |
the plasma_gener.at or e .par a «the praocess tool. The
pr ocessPCEH® ?’ﬂ?‘??{gﬁﬁ a@os%‘fﬂg}nnlgmtﬁé |S%es ? 5{[8&1&\{00%? ﬁge%@oénl{!g% ﬁﬁ Vﬁ’d&df asma within
t he chaimbaporefed htdain Hyaefereidel ock 1464). The fl uori ne-contai ni ng pl asma may
be used in nner s siﬁ‘i?lar r evi ousl d.wth bl ock 1342

. to those 10 esSCri
T PTG 13 dhoy roraphiie Sreclibebl SPEuoRk e e RER ¢ APt kB beor e
| i ke). uhdedasmetnoes the mingstemtbatdepdsheompthe cs®r walls and irttdreal parongitheschamiesty Thd ng
t he unused | ecul a | uor i pe ga such recycl stem (not shown)
may rec R4 erggnﬂﬁtﬁé%t&;‘?r%?%cgﬁ narmfl fyu@lrsélrerfge télﬂ%f?enr € %/gg-'logo qui‘fas’ nol ecul ar
fl uori ne gagusiggo theatepesitivapbridn cosilicamivagntan bairtteiducet! veo the vemuinalepdsitioar i ne

gas nmay be r ed.an he nol ecul ar . f |l.uor i ne. reus f.or . subsequent
proces s%/}}?&%eﬁﬁg[ﬁfﬁcéi}%q gebgb 4 orecur T a'i %gopnépp;ﬁﬁwggglé’e%c'i ﬁg%%hgglefractapon

Wi th a bk bdafeldloid protess yatpermiroofrapphagianatelhyed 7P usifterebnveativnalnpyt-eaildagion withior i ne
gas produced .by the .e rolytic.cells 14 in ELG .1. EX s .. Plasma etch
axanp! o RETS RpRCE LT g ehEehdun piby it i AR et s T B

appr oxi wafee bryth8 Beatérplatéhingsten anlbs deposirt cpaitd eutnsing WHyendflgpads havi ng ar eal
di mensi ons_of icrons by 15 m crons, ,ng.nal ma f d. A

passi Va?ﬁ%%"“?’&%@? ?ﬁﬁﬁ}“ gtea W%?%&IKT&@%}F‘( LY on(aT'p‘lél%ésr rean?]o(ﬁl %gseewégr?ﬁ\eckness of
appr oxi creantleym08: putged Bhé pyasdi(deNy/Hnpurgg) e Theweposinrocsss magybeoopeand edtyy 200
nm of sgl i con Oi(i geili 6al§1d annr o% mately 700 m of silicon nitride. One or
both of *RERZILRE yc2 A6 A8 “aid BP9PCon nitride | ayers may be fornmed using
pl asma- enhandedthe depdstiah, thaghombatampydic ticared torepat¢ the depasiphivdt bavedudtupl ayer
can be for over .t he ivatiaqn laver. tn on -lLimtin erbodi nent ,
the phot SrEareRybe SRR B Fak st brambil B e B G Llebplur 20 O
from JSkpprSUBSTYRITE SHERArod RUR Esc26r)ds \Wen @B ddhfuitidP ERfeBAR bSinSt@d to- 29
Conpany_o a nd_has a i 1 Rt n The
patter ned eﬁﬁ%{%’%?re%lug}fw %8%};6?&5“2&(@%%02?%& r%@%%%hg%gh%s%ggg@%e passi vation
| ayer c@&nndwerertycdreubsaquiehtlgilf, etndieanttodgad intothp okdnibenst apprpmagiynig0 F&m aerabon

LZ; ;ﬂ Lga‘r’s{e igge‘éiug%@ppﬁ%{nyég)ﬁg{o‘%ﬁ%& NGl Tk be tHILRoh Help, AN DL b st
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 Ar/N,/H, purge, and approximately three seconds
of pumping (evacuating), the chamber has been clean. At this time, the deposition procedure can 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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F2 may have been previously generated at the fabrication facility where the
etching is taking place. The etch can be perfornmed to expose the bond
pads. Thewploasma44ray be fornmed within an Applied MaterialPSTNMSF31912and t ool
fromApplied Materials, Inc. of Santa Clara, California. The tool may be
operated under the followi ng conditiord: (1) a reactor chanber pressure of
approximately 150 ntorr; (2) a source radio frequency power of

appr oxi nmat e Aytedhnigaltadzangetge af the embadimentt of terreeirsinog sysfem f3r Gsitelgezertionand

Bt oxi SR8l sEEBREds stk RETLA ARCHE I hllitecRl s bAIRAEAL o
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pads an ['uor ocar on po resi
i ncl udemalcgmpmn geneTw cobinet hevinga dughgxhanst %ﬁemp@e‘@ld mmmonealﬁ‘@m tbmqamm or

subst ra&b‘?a& ﬁHQxﬂsaH{E‘ﬁg {ﬂﬁex‘{\AAt hin a stripping solvent conprising

monoet hanol &m Ae ava e as ACT (from Ashland Specialty Chem cal Division
of Ashl andstﬂll apthep fecignedl adyeniage dldivteadiyiments oBkOmethedandeer &slensitogy | nc.
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chanber can now to using a conventl

pl asma ppbtﬁesmpamd péléomainsd Sma@arba¢0ntaa‘dme@a$ystegéwé1ﬁa¢rétuls ilﬂ@dﬁ atsmw}!ﬁdas ma
can re thltob,esrs?ﬁ %’r@tﬁdnc@llon t he exposed surfaces within the chanber. The
gas enp e Ing process typically is a gaseous source of a

hal ogen. Th Eoxpd dastiseme ghthe crabadiryenitsne leglthecal-advanm®, inghidgs proFiding €248,

conbi naéé 2ol &%rcﬁéaflbutlgﬁ S)Isgﬁ'l flot ﬁ?md@%a&ér&ﬂ@héhy s nfole@hd MRHAE A?}tﬂ'{h@ll ng or

brom ne- conta|n|n non- |mt|n Sp eci
enbodi n‘@nlumcaFdenm?ge Lhdv@s pmwmol@eﬂay flvedns aged@rrdﬂe@pnamtah@ fhriispdesses Hhoh

facilit pamber clean is taking place. Nearly any m xture of
t he asgsgw@géscglr#ﬁg%ﬁll n this paragraph may al so be enployed. An inert or

nobl e di | uShtl agpsker tashnicad pdvgniageineiudes pesridingenionnite Byoring genefakos whishmayl so be
conbi negl, .4y srt;sgmgfaﬁer orThesdrbtE€as p angﬁg&ceséag &ol. r\eéagﬁmr felirical

speci fication, artisans are capabl e of “determ ning an appropriate
flow redventege intledegarpviding agamisenductos proessa prerablen axpleibdesiiable chesaetemstionef

w thin ghe o%'iﬁ%r RULE,
03/ 046254 A&C@f h%ozr? %%%l%‘%gtaggﬁﬁgwsg spacdeﬂ-%ﬁ% gk‘?’%oﬁnt 0 a%%(})al?\rﬁé?ot he

vol une @istribptaaesldculgriluding p eyl pEpragess oolsbe renoved, the quantity of
deposi ts 10 shey 5&&9\4%9 pro?ifd 2 ROk 'i\lds@éti'o}{ oPLoeTof f}é%\%éges' n ESKEARe, 2

convent i onal purg
process tool havmg a diffusion furnace tube is to be cleaned. Molecular fluorine can 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 cylinders 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 generation and

distribution system for hazardous materials, such as molecular fluorine.
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act may be perforned after the etching or cleaning gases are used to renove
the deposits. Typical process paraneters are set forth in United States
Pat ent NowO0338@24836 (" Chang"), which is incorporated her@cCn/usp2/s®izerence.
In one non-limting enbodi nent, tungsten may be deposited within a chanber,
and F2 may be wused to renpbve the tung8ten that deposits on the interior
walls and internal parts of the chanber. The F2 may be generated at the

f abri cati onAfididedaily ythargeeratot bra tie pogatleamd deyediron process day ®.profussibeyigrano t he
deposi ti ort i L NEL 6 um
deposi tltlgl ¢ han@q}' b%?’ g,l #rﬁg@i%g?goﬁi gég%eggo%p%gp%g#us&éég%g fo%F?za d(r%gér; Appl i ed
Mat er i ahaeridisumay beThaduced advse theommberbef gheeadterd candbedeptar dulosd te thadesiras of the of

appr oxi }@I y 475C. After conventional pre-nucleation with tungsten

hexaf | u6fi'de (WF6) and silane (Sia), chanber purge pressurization and

st abi | i zat | The afsiteheleonlaf Buorma gervmtdrazay de Iqohtad proximah @istabror oagravesl adepedi t ed

carried out usin 2 3. r i - essure of
appr ot Hery GBSt Sich ey B G PRBR AP BBl e B0 P o
and punqesites(ofie phidiclXalicntgm) faciliiye deposition process may be repeated unti |
appr oxi mat e 2 i . er : t he
chanber h%tge?r%gé);ngg&{lbﬁ%oﬁuﬁ@g vﬁ%tpor g{g%%% gescﬁg ‘;\’xhthtr&@rg &Q?% etcfﬁ%durl ng

t he pr omimlmmntsoﬂidmeery\me@f ordiflagy séb’éboshetart@nprchamhat vemusmdﬁ‘@atn@d and a

P T e ages e PR B oo e BERE Bl b BPEIEIGr S8 TG
nor mal | glaimedelde. dmmrmggm hige sjgpﬁsatton@md fiuwosassto be Ggarded inentllugtrasive rather

com arfioe fesusE P iedhal ShATERh i EnER R her ey WRREAM HBREERY 150
formed preeminhentib? gas. During a first portion of the cleaning process,
the pl asna I |

appr oxi mat e@ vgr%n&gr 2 %{mg %ﬂ ,Q)?uqmﬁ% togp(’%ie% obﬁk%?eggrﬁoe%we\gr‘?{nﬁge afdotgess,

t he pl aa:mﬁpembasdlmys Higowever, me;bpma@ds, atvalawmnhurmtsefb proble®s.and ey dflagment(s)

appr oxi pat e 220 , er

i ncl udi ﬁ‘g‘ aﬁy FOXi arrg %ﬂgaﬁais?% 6%%0\{%#0[?% ‘%@ﬂg& Og))ré%g)?épm agégrag%(/rﬁ)hgot‘gl y

t hree semetnagtd as @tnqmahpﬂqnge% ereaeantialifergyre ontdi@m@hefmbepr Hkthe tloims. cl ean. At this
time, the deposition procedure can be repeated. The chanber cleaning may
be perforned between substrates (e.g., silicon wafers), between lots of
substrates, or at nearly any interval. The timng of the cleaning may
depend on the stress of the filmbeing deposited and its thickness. The
systens and net hods previously described can provi de advant ages over
conventional processes and may be applicable to many different fabrication
i ndustries. Note that the advantages are described with respect to

enbodi ments and are not to be construed as causing portions of the

enbodi ments to be deened critical, required, or essential features of the

i nvention. SUBSTI TUTE SHEET (RULE 26) WD 03/046244 PCT/US02/37912 -31
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A techni cal advantage of the enbodi nents of the nethod and system for
on-site generation and distribution of a process gas is that they can
provi de reouadadt4 process gas generation cells and cont afcCaarso2/8maps, such
that at | east one of each can be operating at any given tinme to supply a
fabrication process. Another technical33includes the ability to house a
process gas generation system in a conpact generator cabinet having a dual
exhaust systemto avoi d conti nuous LLAMSW t hrough an abat enent system s
absor bent rra& ni cal advantage of the enbodi nents of

S Bl uaﬁc%' fa asc.; oW
the methdd §/§?‘}§1H'}’?‘Brp DALY & * Bgeney SITYR™8nd distribution of a process
gas i ncl udesa fikeHRB lanp tduplet oo q:)gas\summ whereie therpds sipplpllije cdndudthithe asOfliegs gas

under negative [ LEF ni ca t he rrbodi ment s

i ncl udes  t h&*° 8@‘1@5"%"“@"% theegarsrsr%f)p\)l dirat Paf%‘?%?}’g@%@’ﬁtﬁgﬁap 5? rage tanks
for each pr oa:e;e&hmgmhechaatmho;tehate t6 beitchprofies fogals frsrHbeand cheiseaad 8IF a
posrtr ﬁvsure to t ne \s}nﬁ]ool with the process gas supply line
under é’C%’Fr?g%e @pr a50thier technical advant age of the enbodinments
includes provrdrng a nnbrle conpact and sel f-contai ned secondary

cont ai t %/t teglf or zraer L arsré]l g{d:rods associated wth a process gas
gener at T or CEPF™ OEGPTht V' ESEY EE PRES®nbodi ments, a techni cal

advant age inmbladﬂammam didhg a safe generation and di stribution system for
hazardous materials such .as nol ecular fluoride. A further technical

advant age i n&f¢ ﬁi‘}é‘%r OB M"MBI ecul ar fluorine at a desirabl e concentration
for processes that use m)l ecul ar fluorine. Still another technical

advant i ncl ude i n site fluor.ine

ocar ed” pTisevin of gt b hefih A s PiPaalenihs - G B et B drofity . Ve
anot herﬁﬁsele]flﬁap:althe admalr‘rﬂ%mg@ whmltlwd‘est Irﬁrtmpndappgoxanzﬁayrsatmddrct or process
operable to exploit desirable characteristics of F2. A still further

techni cal advantage includes providing a fluorine distribution system
oper abl £ T systeratof tlbini & fortieecombpmising! uor i ne to a plurality of process tools.

A I f d I'n
that oxampl cb Hi g E @b Sy IS A kPRt RiPndine 4 i B8 BFbRPG.

cl eanedandWol ecul ar fluorine can be produced on- site at a fabrication
facility, thereby, obv ranspart rs fr

chor cal i o el etk A€ aRRE b4 A5 RR el B g PR r 0O T
becone dgmaged or ot her fail to contain the gas, a Iarge am)unt of gas may
be rel eased into the atnosphere and cause significant damage. Al so, sone
materials, such as nolecular fluorine, may have a limted shelf life. By

pr oduci fgThepystemol eloim drfuftiencmprsing asortnegre flharing genesytion tells) wikrhiateods ar e
avoi ded,  Furt.her I n. ler unts or
on an ad-\ ergrhr1 &l et%a%gergt%% %?18 ar«% %b%% fhhe‘fo tﬂ%%as%ﬁpp@i@%&%@q/h em% ease 0 rgDm)l ecul ar
f | uor i nfiyorint gmickdtiobecllts prefidetthovgb ylosmal | er anount corrpar ed to a gas
cylinder, and the exhaust systemof the fabrication facility may be better
suited to handle the smaller amounts. Therefore, enbodi nents can be used
for a s@.fﬁhmstem@tfbhm drfarthedecatprisivgt | on system for hazardous materi al s,

such as ol ©§ gas utpuL. € éo@ﬁed t%%l?%s&h”%p aﬁg lt:h s(eé%yh EIF%%}), 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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WO 03/ 046244 PCT/ US02/ 37912 -32 Additionally, the generator can be
portabl e and noved from process bay to process bay, from utility bay to
utility bag,03ou62fi4 om process tool to process tool. Expensipeg/ysbusising f or
hazardous nmaterials may be reduced. Al so, the nunber of generators can be
better tailored to the desires of the-34-acility. The on-site nol ecul ar
fluorine generator may be | ocated proximal, distal, or integrated as a part
of a processatl®obresshrechuffet tenk dnifluid pmadubewsoncan thgfiselF @nsarddehddRcond HF

speci fi E§|~ ﬁdadapt ed to the specific desires of a particular fabrication
facility -PPA%t he foregoing specification, the invention has been descri bed
wi t h ref er enaeoinpresspeini fluidcconemin@diionewitisand ldowsstresm obthe 100f pregsakie Baffar tadid, | | 1 n
t he artwgglgretﬁi at es t hat \égauqusomnqgsi fic 3&19&% and ckha es .can be nade

wi t hout “HESFErET AR FSTR'S PRETSEIR &R 185 PR IAPY PISS8H U0H 8% set forth in
the clainms below Accordingly, the specification and figures are to be
regardeg i,n 3{\143 | ustr.at gve. reatshc%lr11 than a restrictive sense, and all such
nodi fic 'tiAdﬂe P 8”?%%'% S eI REF Bied wi thin t he scope of present

i nvention. Bdfredtinga fluotineasyas Aok and gidE traqnnd sol utions to probl ens have been
descri bed abqve with. r speci fic enbodj nents. However, the
benefits, ad gtﬁ%a'é'gf{tg%ﬁrﬁ%ﬁip ‘tggppﬁ?"érﬂ?tgﬁ?mgkggghy el enent (s) that may
cause any beifhé fluorimdwamisalgermioed t6 bk bpraximitely egiaatedor beconme nore
pronounced are not tt .be onstrue as a crli)t' |, required, or essential
feature or el ement™8fM3h{e POt 2% o a3y OB TUTE SHEET (RULE 26) WO
03/ 046244 PCT/ USO2¢g3n&dtihg th3@rstHPtrdfiSandl. A system for conti nuous

purification of a_gas.fl C ising: a first HF trap coupled to a gas
supply line, wheré acﬂ%ﬁ%@.’é%%ﬁ‘y l'ine conducts the gas flow, a second
HF trap coupled to the gas supply line in parallel to the first HF trap;

and a swtchin ni erable to, swtc flow fromthe first HF
rap t o A olthelar R § MudRe eufing Sabitk b duER o SendbT el eblie™ 2 e
syst em dfe sandbvynflubrineirey.ei n t he gas fl ow conprises: nol ecular fluorine; and
trace hydrogen fluorine. 3. The systemof claim1l, wherein the sw tching
mechani smis operable to swtch gas flow fromthe first HT trap to the
second HF Theagthodef cihine9,fwhesin thi-step affyedeseratppprthxfinei®iryp @atprisaat ed. 4. The
system of cl ai further conprising: a first manifold operable to direct
t he gas flow%?ar S%quh%ag}grgw?u%ﬁil y line to 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 comprising 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 located 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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a second manifold operable to direct the gas flow fromthe gas supply line
to the second HF trap. 5. The systemof claim1l, further conprising one or
nore fl uowbDrg/ogemeration cells, wherein the one or nore fPCTarSons7912
generation cells are coupled to the gas supply line and wherein the one or
nmore fluorine generation cells provid$-the gas flow. 6. The system of
claim1, further conprising: a gas output line coupled to the first IIF
trap and the second HF trap; and an output filter coupled to the gas
output |{ng. 7. Th fclai further conprising.. a.low pressure
put For Lanieinfooeipad i s bRtz B0 e o SPUREhFp g Bomfire AaPEE on e
trap, whdnestkystdne | ow pressure buffer tank is | ocated downstream of the
output filter; and a conpressor in fluid conmunication with and downstream
of the | ow pressure buffer tank, wherein the conpressor is operable to
conpr es#4. géw process gak gerlenvor patixes off dailnU 2§ elierdimthie fluSrine Eharesosiy speeablofo shibtai m 1,

further conprising: SUBSTI TUILE SHEET, ( 6), WO 03/ 046244 PCT/ US02/ 37912
AN S o e e T R R e e T e

trap and the second HF trap; and a conpressor in fluid commnication with
and do tr.eam of the | [,€ . fer tapk rein.the . ressor is
oper ab},\gés' tﬂi(:)heé%%ﬁ?segsa g g‘gﬁ%\{&f }rg%bﬁ%?et% ﬁifac%l%\ﬂvfzb‘r%éeées"ﬁ{r}lg h%sﬁ) \flgggtrpaf]ifﬁ I??a% %P%%f Hod for
puri fyi sigmfuooxiidee gas conprising: directing a fluorine gas flowto a
first HF trap; determning if the first HF trap i s approxi mately saturated;
and if the fluorine trap is determned to be approxi mately saturated:
swi t chi i THegrddessaras penerpans citimivof daim 121 wimaidiny thelHubnirge@as sensoy évlecaaddiinminet he
first HF% ap; aﬂd égretpnl ac{vng the first HF trap. 10 The nethod of claim9,
v eurlgPgr

further’ 4G Mg the first HF trap in standby node relative to

the standby fluorine trap. 11 The nmethod of claim9, wherein the step of
regenerat i the first HE trap. c i,S€es, g ti fixrst HE trap; .and
pur gi ngﬁ'h@%ﬁ?%“' ® qgllgg%nreg‘gorvcmal{l TR @%‘g@h‘%er% %%ﬂgﬂgl%éégugglggas ergeenﬁ%rpﬁatslpeg A
cabi net negatiprpressarg stogage &nk npdratioto stonppressgap pvduaed bathe poces gasgsergoner at or
t he housing further conprising: one or nore input vents to direct air to
t he process gas generator;

18. A gas distribution system comprising:

a process gas generator,
a gas routing mechanism connected to the process gas generation system;
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 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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a normal output port; and an energency output port; and an exhaust system
conpri sing: an exhaust channel; a nornmal operating channel coupled to the
nor mal ouwwpuws/opawds and t he exhaust channel, the normal operaiSongrochannel
further conprising a normal operating valve; an emergency channel coupl ed
to the energency output port of the ca&bt net housing and the exhaust
channel , the energency channel further conprising: an energency exhaust
val ve; Zdndhe gms digisoutive aystqpaeticdaam it varerear the gasdtoutinfzimeohdnisen ®aipsieds al ocat ed
upstre Iﬁﬁ&p1the normal operating valve, the fluorine sensor operable to
cl ose the normal operating valve and open the energency exhaust valve if
fluorine Ilevels in the cabinet housing exceed a preset |evel. SUBSTI TUTE
SHEET (RU - 4624 / s . o S
gener atar "TaBr b Rt i e s ot R R 8T
house wxipessir asd/wtthepositie prEssarestasagedankgas gener at or cabi net of claim 12,
wherein the fluorine sensor is operable to shut down the process gas
generator if fluorine levels in the cabinet housing exceed the preset

| evel . 2B5.A ghsaligmitoties sysgascogerigngit or cabi net of claim 12, wherein the
absor bent pac i conprises alum num oxi de. 16. The process gas
gener at or cgb %%?9%%%%+%%%%12, wherein the fluorine gas sensor is |ocated
inline wthagdseouwingmechapera@tiaagdwathe procesy gasBagergioosessn;gas gener at or
cabi net of claim ' e j ' C ses a
negative pre%@%@%&§¥%¥gggﬁ%g%%n%%%@g%ﬂgg?%%gigp%“%?%%ggémgggggﬁgruced by
t he prowessregmsaggemsoptrarle tolBre prograsgad iprdnéed by itherprevgsstgenganentsri si ng:  a

process. 9as SeNgkAlflsudResbAN L) AEhRENIALSIN feagRghed Lo the process gas

generation' systen "a negative pressur orage tan ofnected to the gas
routing nmechaplusiity dflrempregsatsicoupleddp dxagative prossargding.zath o tler piphléty 06 st or e

process(%%§sﬁﬁgﬂ%%ﬁﬂﬂgy the process gas generator; a negative pressure |ine
coupled: The egati ve pressure storage tank; a conpressor coupled to the

negati ve pressur ediaimpeocepezaafibm thearegaivapreprscsemagedad; from t he negati ve
pressure storage | gk GATRIES Tl NG RLOCERRITE Rl Arelf BLGE 30 POSI U] ve
pressure process gas; an out put the positive pressure ocess 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.

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 contain the process gas generation cell and
at least all the electrolyte liquid inside the process gas generation cell, wherein the outer container
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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a positive pressure storage tank in fluid communication with the
conpressor, the positive pressure storage tank operable to store the

posi tive Woassurets process gas. 19. The gas distribution sysrarson$7oct ai m 18,
wherein the positive pressure storage tank is further operable to provide
positive pressure process gas to a mafdiif acturing tool. 20. The gas

di stribution systemof claim 18, further conprising a cabinet housing
enconpas iThg cot@nmprt omresfslagm LS gortkar gomprisingoae gamone supports)torsepodibsprocesd t he
negati v essur ar. 1 ank. E SHEET (RULE 26) WD 03/046244
PCT/ USCF%? g%@gn ?ﬂ%&@ﬁﬂ%ﬁé@iggm&%gﬁ% te;tgrtkél-lr'on system of claim 18, wherein
the gas routing nmechanismconprises a manifold. 22. The gas distribution
systemgpf €l aj.m. f - | Si : L r i oupled to
the. et Sl it bl 08 Tk B ARSI KAsBoRRTHE B dylsiE C20

di stri hutsenr of yatlehaletniyte Igjuigyithimthp higué ightgalsr ¢patianent or; a gas routing
mechani sm connected to the process gas generation system a negative
pressure storage tank connected to the gas routing nechanism the negative
pr essurd. She cagantmen kard pialainl 28, fughg comprismeccuny corfteupmdde deant! bpjliedhe process
gas geneq{c%ﬁrgéliq%iﬂg%tlg%gseggogssure | ine coupled to the negative pressure
storage tank, a pluralrty of conpressors coupled to the negative pressure
line, each of the plurality of conpressors operable to: draw process gas
from ¢ gy AEIRLLINERRIRE2 BF BaifiA! Beih LliauGOMY RS obllEinRIICRARA AGP 1O
produce a posﬂflve pressure process gas; an out put the positive pressure
pr ocessstgalsss seald a positive pressure storage tank associated with each of
the plurality of conpressors, each positive pressure storage tank in fluid
communi cation with the associ ated conpressor, and wherein each positive
pr essur¥. sithe canteinmentlcait of dpar2ibfughtrgomprning: t he positive pressure process
gas received_ fr - | N slarels 24 15 i Sk ri bution
system of cl %f%%%‘?lé aﬁceor%gll%g?detg%ﬁ&{lﬁ@ﬁ%gﬁ?f%teané ‘gggggg‘ggtﬁ 8r§§até’ tank is
operabl e to @reoyinges upporsds suppotethe prosess ges generetécnsely sithindhadigurstigbt putered

tool . 23.. ﬁ[eg,ont ai nnment cart conprising: a liquid-tight outer container
confi guredq G store a process gas generation cell containing an

el ectrol yte & legelisensot ¢ngrableqeidetect thghpresenge ef spilsAelsttrrdyte bpuiddithia thedigigk n t he
process,gas generation;cell and at least all the electrolyte Iiquid inside
the process gas genération cell, wherein the outer container conprises a
mat eri al i nes sumpcanfigured eche willed eleptraup Hauidtedhe levdl sengorhar dwar e coupl ed to
the bottom surface of the liquid tight container.

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

converting a 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 a 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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26. The contai nment cart of claim?25, further conprising a renovable |id
coupled to the liquid-tight outer container with a liquid-tight seal.
SUBSTI TUNEOSBIRESE44{ RULE 26) WO 03/ 046244 PCT/ US02/ 37912 - BCTAR02/T19¢2
contai nment cart of claim?25, further conprising one or nore supports to
support the process gas generation ceB3- within the liquid-tight outer
container. 28. The containnent cart of claim25, further conprising a | evel
sensor operable to detect the presence of spilled electrolyte liquid
wr thin Eﬁejl.;hl %%S i ﬂ @ntlar ner . 2 The containnent cart of claim
fur ht ‘fa&ﬂgé&“ts *channel spilled electrolyte
Irqur d to the |evel sensor 30 The contai nrrent cart of claim?25, wherein
the liq ti ngaine is farne tai.nl ess steel. 31. The
cont ai ngrédlfh @ge?kt‘)dé’? élné?ﬁtw%%renﬁ‘ ‘i‘tﬁ‘é"r’s‘% P?e tiymlecﬁgtlyt)%rmvabI e lid coupl ed
to the liquid-tight outer container with a Irqurd tight seal; one or nore
supportg,t 0 cess gas generation. cel n the ui d-tight
out er ggrf?éﬂ ﬂ\gﬁ {:%ta‘fne eﬁnggﬁggpg%%@ggf%gﬁuoan%m%thetﬁf‘?e f %4 reqtf’ 3spi | I ed
el ect r oknyp,enll tigltledning t4siremiiinein higaaeoas-fotni;ghd out er cont ai ner; and a sunp
configured to the spilled electrolyte liquid to the |evel sensor. 32. A
nmet hod for cleaning a process chanber for sem conductor or flat panel
di spl ay 40ET¢fmetiiadraf 0lgim 39;q)ﬂmrtbsiersg:ptolﬁéel‘srt:xergsth@cﬂeanmgrgv;eubtﬂiermocﬂssfdhe:dbcgas to a
cl eani n%trﬁgs in a rghrmie l.ocat.i 0{?1 ere n.the feed gas does not clean the
process hefuprrising he pIqp; of BYTRIRE Fl@e?ﬂ"ega%?shnéoﬁﬁgra?e e process chanber.

33. The nethod of claim 32, further conprisi ng the step of activating the

cl eani n s outsjde th h r prior. t li.verin as to
Chel D od1 I8 ethail Srel . 2R o R pliRbink She et s o b NS SR bt

acti vat icagpﬁlﬁngmé ftep of activiningulgtcleaning amsoussidealid ahdmbdribefore delivaging the obaaniag St i ng
of a rem)tet% source a heat source, and an electrical source. 35. The

met hod &Ff° @ " Wherein the renmote pl asma source is selected fromthe
group consi sting of a mcrowave energy source and a radi o-frequency energy

sreer | AL ea o gty D R8s S IR il pheiacsr R n m

32, wherf@mmtht beup ceristingofgasmoets ple@na source, a heat source, and an electrical source.

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 F».

46. The method of claim 45, \‘vherein the conversion is done by electrolysis.

47. A method for generating and using a fluorine-containing compound 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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38. The nethod of claim 37, wherein the conversion is done by electrolysis.
39. A nethod of claim32, further conprising the step of transferring the
resul ti ngwgas/omiztd ure to a trap, and the cl eani ng gas remails02/879a2 gaseous
form and 40. The nmethod of claim39, prior to the step of delivering the
cl eaning gas to the process chanmber, #8rther conprising the step of

punpi ng the cleaning gas into a storage unit. 41. The nmethod of claim 40,
aft er th4. slite mettfodpdi oipinndy’, tvhereml eani ng gas into a storage unit, further
conprising th t f. Lvatin .eapni ng gas outside the chanber
before deli vet‘r%f’?lﬁst?gﬁ%gtorcﬁ%ih%eﬁégelﬁ%‘«sotl’?’% cglkieanghanber. 42. The nethod of claim
41, wherei n t hmethbeé pobfongpeisésvizt seengpdiractorr f or red t hrough a neans sel ect ed
fromthe group consisting of a renote plasma source, a heat source, and an
el ectrical source. 43. The nethod of claim42, wherein the renote plasnma
sour ce i ¥). SHeactled of cloim 4 hehgenule comdirgriongpmpoifesanrich chanebee ener gy source
and a radi o-frequency energy source. 44. The nethod of claim39, wherein
the feed gas is HF. 45. The nmethod of claim44, wherein the cleaning gas
is F2. 4%. THaenateidhddlaimd 47 wakneindly, sevdnd raictor tdmgprisesravcepssiton chantdane by

el ectrolysis. 47. A nethod for generating and using a fluorine-containing
conpound conprising: reacting a fluorine-containing reactant in a first
react or §2 Themmtlawdfaf clsim #7, wheriemehecwrdndirerciogis ticambauowmtss tacidofirdectad rghé fimt
first fluorine-.coRntaining conmpound to a second reactor, wherein the first
and sec%%c orr(guﬁlg gé\gmé're | ocated at a fabrication facility. 48. The nethod
of claim47, wherein: the fluorine-containing reactant conprises HF, and

supsTi TorE Rk ER ST RGNS R oD 5 Y Plrgl 8o B o
of cl ai nto4h, firstreackorn: the first reactor conprises an electrolytic cell; and
a nethod tool conprises the second reactor. 50. The nmethod of claimA47,

wherein the second reactor conprises an etch chanber. 51. The nethod of
cl ai m 4754 \iremeaithmdidielage ¢ idthee@otpasing gapreiiseslwrideposiiting plagimafdethe 52.

The net hﬁg%ﬂ)\iorﬁl&%%miﬁ@gc%ﬁﬁ%@vh&gﬁuSecond reactor is the only process tool
0 the react or

connecte I'rs uring flow ng. 53. The nethod of claim47,
wherei n the stheeerdnd gagbmompgsesa@lagha genplatoriandty of process tools coupl ed

to the f i rst ﬁ%%ttl%rdfurﬁ'ér %om%womr% tRJ ﬂfoh@k%nﬁa?mné H[é;rrthet% a%pcgpsrs icﬂmq%r.
generating a fluorine-contarning plasma tromthe
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:
a process 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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first fluorine-containing conpound, wherein: the second reactor conprises a
pl asma generator; and the nethod further conprises flow ng the

fl uori ne-worBaieling pl asma to a process chanber. 55. ThepegtUso23wi2 cl ai m
54, wherein: the nolecular fluorine conprises diatomc fluorine; the
fluorine-containing plasma conprises netk-ral fluorine radicals; and the
process chanber conprises a deposition chanber. 56. The nethod of claim47,
further tonbrimsthed ofeleun AT.ivigrea the first andecwond teastois g Ipragesveithirr approtcineatel§ i 1 St
f1 uori neseebleai dteftdl ogRppound, wherein: a process tool conprises the second
reactor; and generating is performed within the second reactor. 57. The
nmet hod of claim47, wherein flowng is perforned while a substrate is

| ocat ed gg.t1Hem r claim
47, wher ei nmehea?oldfdgt% ﬂgﬁy g‘fehg%krﬁhfglgg?gcrtéﬁiﬁg&le%E:Oaa?phérl_l\r/\l?t r?peggtﬁf) S fat el y
200 net ePeeSF b¥ach ot her. SUBSTI TUTE SHEET (RULE 26) WD 03/ 046244

PCT/ US02/ 37912 -40 59 The nethod of claim47, wherein the first and
second reactors are | ocated within approxi rrately 50 neters of each other.
60. The fetHsanehodef glaim 4% Whatsirtes first fectdriis epupled teo mwrality of prepisetbotsdora

plural i tyrodss AR @RS fe 6§6Hp381{egfde@ofaﬁﬁlﬂﬁﬁo%§ bay. 61. The nethod of claim 47,
wherein the first reactor is coupled to a plurality of process tools for

process bays that lie on opposite sides of a utility bay. 62. The nethod of

cl ai m 4762 frHetrh@kod? ORIk 37, BgHHet &)‘fdpﬂgm ﬁhﬁ# 9ﬁ+c‘§8&tléc9gﬁ19 ce sﬁ?str?%%t hate

into the second reactor. 63. The net Im4 erel

f1 uori neSSERKE¥ g conpound is diatomic fluorine. 64. A method for using
a first process tool corrpr|5| ng: placing a first substrate within a chanber
of the first process tool; reacting a fluorine-containing reactant in a
reactor %o %ﬁ?ﬁtWIoéé\ﬂlrfaf‘7 Pihersin theefluogiaprepraaining camponubis idinongo Averinei ng pl asma
fromthe nol ecul ar fluorine, V\/nerel n generating is perfornmed in a plasna
generator that is |ocated outside the chanber; and flowi ng the first

f1 uorine ‘lcd‘hf‘ﬁfhﬁfiﬁ?j“ﬂpééﬁﬁ“?rﬁcqsh@o'cq‘?mﬁémgwh| le the substrate is in the

chanber, wher gihfing £86t dubSraNGiih ma%e%ﬁhm& pPci®&osti Mul taneously during
at Ieast one point in time. 65. The nethod of claim®4, wherein the

f1 uor i ne- cont ¥AHng ¢ THerRe eRtaingngrprciastly aggactor 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 is 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 method 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 plurality of process tools for

process bays that lie on opposite sides of a utility bay.
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66. The nethod of claim64, wherein the reactor conprises an electrolytic
cell. 67. The nethod of claim®64, wherein flow ng conprises flowng a
second flworofes2e¢ont ai ni ng gas to the chanber. 68. The n®Chawbows79¢t ai m 64,
wherein the first process tool is one of a plurality of process tools for a
process bay, and are the only process #dols coupled to the reactor. 69. The
nmet hod of claim 64, wherein the first reactor is coupled to a plurality of
process Modhe niethod of¢laice®ls whergis thefatt rédcer srogpgos tphraitdefprodessaoslt fdriat y

bay. SU??&I’&%FSL‘I};% SHEET (RULE 26) WO 03/ 046244 PCT/US02/ 37912 -41 70. The
met hod C 64, wherein the first reactor is coupled to a plurality of
process tools for a process bay. 71. The nmethod of claim64, further
conpri siAig ! he fi f 1 ne- tal )i as after flaow ng. 72.
The et Faq 5 il aBbRed, Wil col LRI RN e MHE By P RE <Put s et
fluorindlowimB. A nethod for using a chamber conprising: flow ng nol ecul ar
fluorine to a chanber; and generating a fluorine-containing plasm using

t he nol ecul ar fluorine, wherein generating the fluorine-containing plasm
i s perf oRndte wiethad of ¢ldiem @hahdyein thefolecThe flweink dxcligbémefmbrine73, furt her
conprising reacting a fluorine-containing reactant in a reactor to form
the nol ecul ar fluorine. 75. The nethod of claim 74, wherein the

f 1 uor i né3cdvmethed fogusiegpxthambercomprisises BY 76. The net hod of cl ai m 74,
wherein the rgact rd rolytic cell. 77. The method of claim
74, wherein: a f|g@?ﬁ%cdgggﬁettggfﬁ%ngo%raﬁéées t he chanber; and the first
process tool dgegerating aofuosinptaentahing ylasyfa ysing tegsoltcutsr Sudrone, whepein gessatinayhe and
are the : : - t actor. 78. The nmethod of claim
74, wherﬂeulah%{e %&Fa%?{s?gﬁlﬁ%r%ggégﬁ%g%?@g%&n&eicgagg& ‘he chanber; and the first
reactor is coupled to a plurality of process tools for process bays that

lie on pagi i il : : the only process too|s
coupl ed o Tpaehed of Bt frdlhdlblEaq B nRlhe o B Rl R oa O o
conpr i sdemf thowiotrgular Besiond gas to the chanber. 80. The nethod of claim 73,
further conprising: placing a substrate wthin the chanber; depositing a

filmover the substrate; and renoving the substrate fromthe chanmber after
deposi t i7Ag Thhmethod of dsith Tewberein thedlvonig-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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SUBSTI TUTE SHEET (RULE 26) WD 03/046244 PCT/ US02/37912 -42- 81. The net hod
of claim73, further conprising: depositing a material over a first

pl uralitywofo3suirgsrates; and depositing the nmaterial overCa/sersmd
plurality of substrates, wherein: flowi ng and generating are perforned
after depositing a material over a firé¥ plurality of substrates and
before depositing the material over a second plurality of substrates; and
flowi ng and generating is not perforned between each substrate in a first

pl uraligy. rpf\emggm@gf@g,g%ommﬁggbmﬁ% trate in the second plurality of
substrat es. The met hod of claim 3 \/\herel n the nol ecul ar fluorine is

diatomic fl u@FP?fémg agnotesip] qu.?]'EfIISI-IEE?*“Q’R Ybstoagps; 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 depositing the material over a second plurality of substrates; and
flowing and‘gcnerating 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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