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DESCRIPTION
GENERATION, DISTRIBUTION, AND USE OF MOLECULAR FLUORINE WITHIN A
FABRICATION FACILITY
TECHNICAL FIELD

The present invention generally relates to systems and methods for purifying gases, process gas
generation cabinets, gas distribution systems, containment carts, methods for cleaning process

chambers, and methods related to generation and use of molecular fluorine.

DESCRIPTION OF THE RELATED ART

A variety of fluorine-containing gases are used during fabrication or cleaning processes. For
example, nitrogen h‘iﬁuoride (NF) gas may be used to etch substrates or clean chambers of process
tools used in deposition processes. Some conventional fabrication deposition processes include
depositing layers of materials using Chemical Vapor Deposition {CVD), such as Low Pressure
Chemical Vapor Deposition (LPCVD), Plasma Enhanced Chemical Vapor Deposition (PECVD),
Vapor Phase Epitaxy (VPE), Metalorganic Chemical Vapor Deposition (MOCVD), and the like, or
Ph-ysical Vapor Deposition (PVD), such as evaporation, sputtering, and the like.

A variety of methods can be used to etch substrates or clean chambers. In one embodiment, a
plasma including NF; can be used to react with a deposited material on the substrate or on the walls of
the chamber. NF; has problems in that it is available in limited supply and at a high cost

Diatomic fluorine {F;) can be produced by the electrolysis of hydrogen fiuoride (HF) and 2 salt.
Fy is produced at the anode of a fluorine generation cell. F,produced by a fluorine cell is typicaily
passed through an inorganic, nonvolatile absorbent material, such as sodium fluoride (NaF) or the
like, to remove residual HF and then through a fiiter to remove patticulates,

Typical prior art fluorine generation cells provide an F, and HF mixture to a single large HF
trap. The HF trap can comprise NaF or other suitable material to remove HF from the F,, The large

 single HF trap because as the HF trap will eventually become saturated and, consequently, will need
to be shut down and regenerated.

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

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

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

front installment expenses associaied with them. Further, standard procedures for handling fluorine
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Abstract: An integrated solution to nolecular fluorine generation and use
at a fabrication facility is disclosed. The integrated sol liMap266d
portions of the systens and nethods include novel aspects. Some enbodi nments
of the 919 d system descri bed herein can provi dep(;lj&?sﬂg% ity to
generate no ecu ar fluorine at or near a process tool nbodi nent s of
- the system and nethod described herein can conprise a fluorine generator
cabi net having multiple fluorine cells. The nethods and systens are
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heavy equipment to maneuver it into place inside the cabinet. For example, a forklift may be
required, which requires significant maneuvering room (e.g., approximately ten feet) around the

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

SUMMARY

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

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

associated with the transportation, storage and handling of cylinders containing toxic gas under high
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trap. The HF trap can conprise NaF or other suitable material to renove HF
fromthe F2. The large single HF trap because as the HF trEpviayR006
eventual |y becone saturated and, consequently, will need to be shut down
and regenerated. Prior art nmethods for regenerating the single HF trap can
interfere with continuous operati 083, such as those seen in the

sem conduct or industry. Further, prior art HF traps are typically purged
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of F2 on-site is a very inportant safety concern because of fluorine's
corrosi ve Hetfit aspechof|tay igention,dhrgis proddeg @ pxstemdgrcontiprepeivafiatianafe eass is used
in thaowewaptisi®f a breach. A further disadvantage of using one |arge
fluorine gegglrs%tor S cﬁhat t he gas feed |ines nmust be maintained at a
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| ar ge, expesnsind8Fpp @hplditd thabhabhpplp libe it ysdlene dofeihssend al | of the gas
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fl uorine ggeﬁgé'?"g‘ﬁgﬁ‘e@ﬁwlpﬁ%’il Prgx‘mﬁg’b?a%tegrﬁf‘él y 1,000 pounds. If a cabi net
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cont ai nment , sumc@gﬁmggn%ﬁ?ﬂﬁi&v%y&%&d @hove, the fluorine generation cell

w ll require heavy “equi naneuver 1t into pl ace inside the cabinet.
For exanpl e, a feepnirhting the figsy/Hiyeap; and
replacing the first HF trap.

- In a third aspect of this invention, there is provided a process gas generation cabinet comprising:
a cabinet housing encompassing a process gas generator, the housing further comprising:
one or more input vents to direct air to the process gas generator;
a normal output port; and
an emergency output port; and
an exhaust system comprising:
an exhaust channel;
a normal operating channel coupled to the normal output port and the exhaust channel,

the normal operating channel further comprising a normal operating valve;




requi red, which requires significant maneuvering room (e.g., approximtely
ten feet) around the fluorine generator cabinet. Such openikiplagesdocan be
difficult to find or expensive to naintain. SUMVARY The concept ual
groundwor k i nvol ves providing safe delivery of hazardous materials for
fabrication processes. An integr at'dd solution to nol ecular fluorine
generation and use at a fabrication facility is described herein. The
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fabrication facility *ABrE B Et BATT d  at a | ower cost than prior art
met hods. Those erfboihe st Beagmpstrrnsfranetieseenad ppeettingvalva tie fhérie keasoar ds

associ i r t] 404 i nder s

cont ai iy § b db afht RO RE ok e B R AR PR 955 1Py 2006

pr ess eeabmgshougingeyeepdncesyt lgvelqui red by prior art methods and systens for
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system and net hod descri bed herein can conprise a fluorine generator

cabi net haWPRGHER 9% f | uorine cells. In one enbodinent, the fluorine
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to di stri b@renPraes pruplsd @ thsaegaive prewyre irrPrergiic!ent rat i ons of nol ecul ar
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used during a fabrication Yg?rocess for the fabrication of devices such as
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substrat e based ogputitte @ssitivé pragsure parelgasligipl ays or ot her devi ces whi ch nay be
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a fi r opsithEpresserp steregeytinks dperable & stppesthangpifiteprobquregroceshgss.ei n t he gas supply line
conduct s t Be, GSiglcbiQWhis irRernbif MR isiHFoviat B CAWRRG i enf Fp@a3: Supply line in
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gas flow f PERFEHES P3P HF trap to the second HF trap at the occurrence of

a predef i n@gas@Mming mechdhisth co@EMAGh BEREGE g@fgedehiion dyfpgnt i on, there is provided
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a negative pressure line coupled to the negative pressure storage tank;
a plurality of compressors coupled to the negative pressure line, each of the plurality of
compressors operable to:

draw process gas from the negative pressure storage tank;

compress the process gas to produce a positive pressure process gas; and

output the positive pressure process gas; and

a positive pressure storage tank associated with each of the plurality of compressors, each

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

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




switching the fluorine gas flow to a standby HF trap; regenerating the
fast HF trap; and replacing the first HF trap. In a third aslpeley 2006t hi s
invention, there is provided a process gas generation cabi net conpri sing:

a cabi net housi ng enconpassi ng a process gas generator, the housing further
conprising: one or nore input ventS to direct air to the process gas
generator; a normal output port; and an emergency output port; and an
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Process gag, deidh &Léftlﬁs 1[1]\%%%,' illdre i@érg\%&elﬂ% ethbd Yor gt%ﬁellja%l igldhé?n tahe negat | ve
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oper aBpasing-epntaghng gprppewd €BPrgaE from t he negative pressure storage tank;
conpr ess t hgctig PELAR-GABnihPreREBANE Brs@ed@Sth trd € ARl Bl EncikiRC €SS gas; and
out put the pogltlve pressure process gas; and a positive pressure storage
tank PHPPPYYi9 comuni cation with the conpressor, the positive pressure
St or age t ankwinpieé @klfi@oring-c@itaping chrii@uiplas b febone repdic Saidich tRITDE fFSecgdS. | N a
fifthn%&@?%ém&LﬁEﬂhﬁniﬂ%Fﬁ&hon’ there is provided a gas distribution system
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gas g%nerator; a gas routing nechani smconnected to
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negative pPladng st pubsiiate whip p egmbes of thefirst @ipsest 9@ pressure storage tank;

reacting a fluorine-containing reactant in a reactor to form molecular fluorine;

generating a fluorine-containing plasma from the molecular fluorine, wherein generating is
performed in a plasma generator that is located outside the chamber; and

fiowing the first fluorine-containing plasma to the chamber while the substrate is in the
chamber, wherein reacting and flowing are performed simultaneously during at least one point in time.

In a tenth aspect of this invention, there is provided a method for using a chamber comprising;

flowing molecular flzorine to a chamber; and

generating a fluorine-containing plasma using the molecular fluorine, wherein generating the
fluorine-containing plasma is performed within the chamber,

The foregoing general description and the following detailed description are exemplary and

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

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

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




a plurality of conpressors coupled to the negative pressure |ine, each of
the plurality of conpressors operable to: draw process gaslifkMapR00te
negative pressure storage tank; conpress the process gas to produce a
positive pressure process gas; and_ output the positive pressure process
gas; and a positive pressure storage tank associated with each of the
plurality of conpressors, each positive pressure storage tank in fluid
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nethognggogkﬁgnbgg a process chanber for sem conductor or flat pane

di spl ay man U ECEOFT T conprising the steps of: converting a feed gas to a
cl eani ng g&Ks. ifshous mnm@iniemméa seomdarydveripment sylstem {@aithogsing agwess ot cl ean the
procegﬁmgﬁﬁ er; and delivering the cleaning gas to the process chamber. In
an ei ght gﬁeCt of this invention, there is provided a nethod for
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| ocat ed at F. ﬁzabbwcaﬂan@&wfiﬁﬁithd tbyof ohelemBodihdnt 4T tiRSPALRLFBIG. B;hi S | nventi on,
there is provided a nethod for using a first process tool conprising:
placing a first substrate within a chanber of the first process tool;
reacting a fluorine-containing reactant in a reactor to form nol ecul ar
fluorine; generating a fluorine-containing plasma fromthe nol ecul ar
fluorine, wherein generating is performed in a plasm generator that is
| ocat ed outside the chanber; and flowing the first fluorine-containing

pl asma to the chanber while the substrate is in the chanber, wherein
reacting and. flowi ng are perforned sinultaneously during at | east one p0|nt
intime. 1In atenth aspect of this invention, there is provided a nethod
for using a chanber conprising: flow ng nolecular fluorine to a chanber;
and generating a fluorine-containing plasm using the nol ecul ar fluori ne,
wherein generating the




fluorine-containing plasma is performed wthin the chanber. The foregoing
general description and the follow ng detail ed description brkag26dpl ary
and explanatory only and are not restrictive of the invention, as defined
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I nvention | ustrated by way of exanple and not tron’in the
acconpanying figures. FIG1 includgs a sinplified bI ock di agram of one
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shows ﬂaomeaznntwlewﬂﬁﬂpelmdta%f%éo‘@fe ?@m‘g’t‘rﬁeﬁ BEC"hf the cabinet of FIG 4:

11 May 20Qg; W@:lﬂ%a%ﬁ?réﬂmf@ 4 iSE R IR RribufngFluGrine 36 ahtoimiompptean on top of
the cabinet wth the top of the enclosure renoved to show the interior of

t he camor@tgf@)PﬂePP@dﬂﬂemFﬁ‘@p‘§@t§1’iﬂ\n§“’a pl an on the process gas conpression,

purge, angi§O9 indd4 a¥BlS Phcaf endagraitiiagGedeeiihg o utilgn abkenettaioihgFl G 4; and
FIG 9D shows a plan gn thecg gzﬁaﬁr@as generation cells, filters, and
hydrogéﬁﬁpqupilﬁf’f’?'ﬁ’égf‘)re adimepis EHESH nent of the cabinet of FIG 4. FIG
10 I n@kinde srtidahs dpb.leuae fhat dleantainshesiigens droillusvated for smplkit prtclagty 2ahd

di stribution of | ar rine. ac | SR, qdescri bed
her ei ﬁ‘a"el‘ﬂ"ﬁ‘e"‘fsfa“m’ff tgscale g rexaﬁ?ﬁﬁb@vgé‘gm%?g%& %Ee the on- s?t e generation
and diffpines Dhk be@Raggérated relatwe to other elements to help to improve understanding of

embodiments of the present invention.

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 (clements),

The conceptual groundwork involves providing safe delivery of hazardous materials for
fabrication processes. The embadiments 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 ¢liminate
the hazards associated with the transportation, storage and handling of cylinders containing toxic gas
under high pressure, as is currently required by prior art methods and systems for generation and

- distribution of process gases.
The embodiments can also provide a compact and fully automated (one-button) syster for
~ generating high-purity process gases on demand at or near a fabrication facility. For example, the
embodiments can generate molecular fluorine gas only as required by one or several fabrication tools,
~such as chemical vapor deposition (“CVD”) reactors. The “supply only when needed” ability of the

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

*
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fl uori ne-contai ni ng conpound according to an enbodi nent descri bed herein.
FIG 12 illustrates a nmethod for generating and distributintl Mag@obde for a
fabrication process according to one enbodi mnent of the present invention;
FIGs. 1 i ncl udes process flow diagrans for g i and using a
fluori n&@%“%ﬁﬁi ng conpound accordi ng to enbodi mnfﬂﬁg@s@%&%}ed her ei n.
Skilled artisans appreciate that elgenments in the figures are illustrated
for sinplicity and clarity and have not necessarily been drawn to scale.

For exm?hzgsyste{%e&@i rﬂmﬁt ﬁﬁtfgﬁhirﬁént@ﬁmpflfces% @@ﬁﬂ:i@&t&rmhér,rbn;bbﬁmergé &H: esd may bfe

exaggerated rel.atiye.to other enments to he o inprove understanding o

embodi FEHF &° Jmiy ed'sﬁflvé’gtéﬁfa%r?{fﬂ?w 8&“01?555,&?%%“@@@%@1?@@%&3%% is now

made i sssabistedivithtle phiveatioxefpraaesy g e reinje She@batdnitat syteRGiiiRMentexanpl es of

whi ch i) trated in the acconpanyi drawi ngs., Wher ever possible, the

sanme rg%egerdé%%:age?yntﬁe ep%mtedvﬁr?ﬁessﬁéseﬂngﬁ eﬁ‘l‘?%ﬁé’ﬁ"ﬁﬁf? gagﬁeé‘k'dr awings to refer to

t he same ofhdenbedipents of theeystameant] sipthodidvecribaticeipt eralcorgprveindwenk i nvol ves

provi dj . i . j: f .fabrication processes.

The. enbade e Bnd Syl AR ot Bl s Horne BOERELS: DT ae < he

“abi | i t §enhavedemBrasingcds, theddee beingfhas at lepsiohe efghenfbionmeieklieris ihlopesatiomat allat  or near a

. Tabri cahdsOpnifedfd brintofe SFc@thedelld i€ fefdibihiing2 At ~ an prior art
met hods. Sll'he eerrbodi rr%nt sE E:gn ?t hlusegérﬁeducggqglr?%ﬁ?ﬁ%ﬁ?@“ﬁ%ﬁ%ﬁeﬁgzar ds

associ ewdangy sahat REOCEss 88 EpN6Tation b madntained dthe prantia apibiequirgs rofintenghdender s

cont ai gliRNGhe bRXI oF 2 8@BRilkNder high pressure, as is currently required by
prior arteArrg{?gigds and systens for generation and distribution of process

gases. Th Efomsyfem hay be 5pupl5d ot flugrine genasics ard opgrable Pdistriputaut onmt ed
((one- bisskabR)quaitiésem fatentrGRAGIT albletider RidHie Rtk bdmdd¥ RERSIMAIGIuAN demand at

or near a fahbrication facjl.it For exa e he  enhodi nents can generate
nol ec u’?’?alfc"‘iar ﬁmﬂﬁ@a}ﬁ&&%ﬂgﬂgﬁfﬂﬁﬂgﬁm PTQEF%I’ %ﬁébwtl@é’@@ﬁ“&?s sEdAsi cat i on

t ool s, miceletiroaie deHiegjinaatadaniateldepisdtuit telaiio\ibsate BAGL dvises, ke " suppl y
only needed" il.ity.of the_..enbadinents,can dramatically reduce the
armun\tl\ﬁgg d‘c?ﬁ‘-%gsi"f %‘h%?a‘egééh’g‘a@% g&b,"?%g a\%ﬁ%‘f{}*’%ﬁ‘ﬁﬁf‘ PEIEHISET| TUTE SHEET
(RULE 26) A iroNayarZR0fhe ¢DeOBi Db irRGRAYSOZ8710 Tifbettd fiprdedres MMhesySt ens t hat
mai nt ai.n. O . L rs. Further, enbodi nents
con plsich B fickAIRNRY. 158 o rgBl BEAEDICUBR P BOEE Burslt Bttt oy o1 s
for comengiamrsess bas the entirecfabricefion dsilityagr sicslyanedhakanfigtrition gehintiat i on of a

Pr OCeSEciGgS TR Mo @Rad 144G mﬁn@mﬁ{wﬂcg%ﬁtgg%ﬁgpﬂegﬁ%@ g profegded to

safely treat generated process gases In t _ ‘ oceSs gas | eak.
The enpaaticHery welhsuitedyier dspning dpasition seambers achsedtin the erdererecednies indwstrwonpr i se a
fluorine genakssare iRl Brlarinamb B if BlidrdtRlafe bl WQEAgSsGEY fofiow.| TheONe

enbodi nent,, the H@#O“ neeélge erﬁtpr cabi net "can have two fluorine cells,
the | d&5 HRbrication Rgihityays int to g feligpvhens siqroglgsironireompqnenss, pssembiie ger at i on at
al | tretaRks arafbli@tedn&n eampRice ifdlude B &enioh@ictof ShtbrTatirBatioRAGNST AL i Ng. This

can A e R on B EeA e e o e e RO, o
' film transistor liquid crystal or flat panel display fabrication facility, or the like. Fabrication facility is

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

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

_ The term "lot" is intended to mean a unit comprising a plurality of substrates that are processed
together (substantially at the same time or sequentially) through the same or similar process
operations, Within a fabrication facility, substrates are usuaily processed on a lot-by-lot basis. The
size of a lot may vary, but are usually no greater than approximately 50 substrates.

The term “molecular fluorine” is intended to mean a molecule that only contains fluorine
atoms. F; is an example of molecular fluorine. _
| The term "process bay" is intended to mean a room of a fabrication facility where substrates
rhay be u-aﬂSponed between process tools. |
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or .in the event of a cell failure. A distribution systemmmay be coupled to
.the fluorine generator and operable to distribute desirabl gl Misg2006i es and
‘concentrations of nolecular fluorine to one or nore process tools. As
such, fluorine may be used during a fabri cess for the
fabricati o%%é#ﬁ%ew ces such as mcroel ectronic devi g[gésﬂf&ﬂr{%%r at ed

m croel ectronic circuits, ceramc gubstrate based devices, flat panel

di spl ays or other devices which nay “be fabricated as described later in

this Spec'ﬂ% bk *=p9&ess€oo{“?4 Bchtedto nﬁe%ﬁ‘?;ﬂéé@%f&ﬁ ﬁé@&r@{hamycageﬁ@mac%ra variety of
sizes to fi etter the desires of particular fabrication facility.

The ge‘n‘ehieltwbsmmyarswmlﬁb?}ﬂ@fﬁﬁeﬁ;&%ss tool, a plurality of process tool

al ong a PHAERSR PRk if HRn®Btd hifn Ena@pdr&astwr@fe chaw@éal bniis ar@dharfﬁ@di” y any ot her
configuration within the The process gne use COI’IJ unction
Gt Shegsebea o bapSE PR et SP SR Gr SR GBS 8 CROR R ar |y vl |
Suht eGn le@étroﬁ‘uead]ll ot ehantet, plﬁsmal‘gaﬁdmcrrsoraﬁ likes e’dndnrlmt!ﬂhg emntpteccﬁlaect ronics

i ndustry.

arif.ied nder st andi ng t he
descr |Pﬁ1°FSGQ?“%Ffd¥°?‘deﬁ"ISBW°°’%H‘3M pf"é?sﬁfhap ?F’rsu%hasl""(%}?f aic‘? HS"CH " intended to a
- facil Id’&})bsmeﬂﬁmﬁarﬁroe| ectroni c conponents, assenblies, or modul es are

Fabri cal edy A, GXAIRLE AR REl 407 P ASILERONGLAL WOLRE [ARL 621 | 0"

facility, clrcult assenb
mcr oeh@hédmrprwesmcﬂulaed wiwsemishanichbseivice toyhe pmwsmtoofsmawm m@nsviltb@%r I | qui d

C1YS! 3ol hd hoch R T LRY B A GRA L elkeh AfielinlelyadfBlendphBedsbibR.

Fabri ed to 1 nclude a chemcal pllant, plastics
nan uf acbmltuw thg pn‘oams bayt "yhe(wmeas éamr@y brelpeated ViR a cleagaoqny aud uily bﬁﬁlﬁtmapﬂr oduced),

d&&teé J#@) beﬁscgte@aﬁsud%'tmieamobxh bnvmrsthsi&éah Robn vafat 2 TORIGh REtAR "1 Ot " i s
I nt en an

uni't conprising a plurality of substrates that are
proce@kﬁemasthﬁg@@ﬁéws(subst antially at the sanme tinme or sequentially)

through the Sakes th§ﬂe1%s|“@tfmﬂﬁﬁéﬂee&%ﬁpnﬁﬂhef'%lu@dﬂs *inddiny, "ﬁha% "f‘ﬁhbfng'cat I on _
facility, substrates are usual h{{}r ocesseg,(IE basis. The size

Iot b
of a |%@1erélgﬁrvaa1@swnﬂma° e dntepdedP PRy erfgioFeEIsT ““f EEJ)&F BBt el y 50
subst radces; prddd@, drdidbr: ﬁpﬁrmmhaaéonfphmamefewmm nmenﬂes@bamg linktedondy nol ecul e
that only contal ns fI yori ne atomst F2 ?g ‘B%Er%)%) sucL r(r)ol ecul ar fluorine.
The té’i“ﬁ?eﬁ‘?’ﬁ‘é%é‘émﬁ’ p gtherglemisnizep f’@rcw 4 o P SR PIOBST cation facility
wher e ppeth&!| dritdie Sr appaatush Burthe msEe extpesskhxddtadeethe pnoepSer” teﬁmi ts an SUBSTI TUTE

SrEET @@U@gﬁd et M1 E00% 10, 030 Q20 RN LBIPLARRIR Poripuker m

"procé 0 nean at has at | east
one r efaltdvong: A is trwhjoriressnibmitl Bag felse (ar@tmaqsatbwes @fsewnﬁgrﬂm%@b%éd The term
"reactor' | Al atus where chem cal bonds are
oo ok VA 38 750,20 g0

or broken (deconposition or plasnma

gen er at i onAtention isncardireesed; to éﬂt%?é efnon-diptitiag epodigepts Bmbogdiments desgritég ess chanber

Pl asm, AeNGH Snhise %’é of e Hhdife peferROHS plolit¥ink rid o RTHE, sﬁkfh a@F» RFBEESS chanber
-includes a sem’'conductor process chanber, such as a chem cguceor physi cal

vapor theidgsialysis Qfﬁﬁdhmgolyﬂc salt. This process is extremely efficient and can pro high-
purity F» and diatomic hydrogen (H), with the F, directed to process tools and the H, directed to an

. exhaust system. Further, the embodiments are capable of delivering a process gas, such as molecular
fluorine, at both sub-atmospheric (negative) and super-atmospheric (positive) pressure. Embodiments
are also 6apablc of preducing varying amounts of & process gas on demand. A typical oni demand
production amount can be in the range of approximately 125 to 700 grams per hour. The
embodiments of the method and system can provide for in-fab, on-tool, or fab-wide generation and
distribution of a process gaé. Embodiments can also comprise a fully automated programmable logic
controller (“PLC") controiled system with a touch-screen operator interface, The interface can be a

~ hardware-based interface with faults and alarms. Further, a PLC embodiment can be capable of

| interfacing with a process tool and can be housed in its own compact, self-contained cabinet,
| The embodiments of the system and method can comprise a fluorine generator cabinet having

multiple fluorine cells. In one embodiment, the fluorine generator cabinet can have two fluorine cells,
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The term"utility bay" is intended to nean an area adjacent to a process
bay where utilities are supplied to process tools, and wheleMageb@hi cal
service to the process tools nmay be made without entering the process bay.
The utily ,can be located between imediately a ocess bays
or bel ow(ﬁé’e process bay. The process bays may be lo?ﬁ-ﬁ%ﬂ}m?% n a clean
room and utility bays may be |ocajed may be | ocated outside the clean
roomor within the clean roombut at a |ocation not as cl ean as the

proces sheliduy Semgatﬁatusleﬁt dne bﬂhﬂﬂuohﬁlfbeﬂﬁﬁd}%e P ERtion SET times, GRNPSe S Gk
or, any ot her vari ation thereof,

"inclu !

are |nt(g g%%%%ertcggés&wﬁgdéerﬁf?ﬁnge@}Sﬁ@%waqﬁef%@?%ﬁsw%ﬁm‘é@?awtbat a process,

pr oces rocess §ds ghreratiar can ppatisthing! it thatveRtQEphiiftesnd ok indle fnt 640Nt S 1S not
necess‘ﬁ:‘“1 Ly limted only those elenents but may include other elenents not
expressly lTisted or inherent to such process, process, article, or

appar at us. Fiud isvweimplified Hscétdawmeﬁmeymhddanmdoftl&spmﬁﬁpfoée’ﬂfﬂow fopén- refers to
an in I r 0l e | acondltlonAor
31 s ooy EpRigPnRn o pARI A5 s lnertion oIS et ) and B

i s fal @prlydine h%tf’ PWF@%WB‘)RWMN oslisfig beong @nbOdlmentunlas apply hmmcﬁhbs true (or

preseny s _now directed
to det ?eij ;@ég hﬁfgﬁ H)I alﬁ‘r??%}%}% ‘gifrl%loﬁr{;dég ggs%mgn@? %mngn t@g %’gés%sr%gg%e aeratﬁée)r ein can
conpr i SEPIEHeEs B¢ gﬁ‘?ﬁ?‘é’“ﬁ?‘lﬁdg FHde Feand the eleetsolyprr vothinairesgss ses genseatian cefls Uor i ne, such

as F2, cefn%@!@l'ﬁbotasismﬁn WhREHE ﬁhﬂ?' Nt@ﬁanwy,ﬂﬁe%oﬁ}tﬁﬁzﬁ( &Jlﬁégﬁﬁ l't. Thi S N
process i s e;h %rrehgrmgé)pl cient and can produce hi gh- puri t F2 and diatomc

hydr ogBHesiupylu grafioy; theselisdd C%‘U’r?ﬁ“‘i?(feﬁgs apdiFce araqmts phi&. 9emeli rected to

an exbamtagesgfmemxsowpwmmpréeb@ g@rgemhmnssmamtmgml of delivering a
process gas, ,such as nol ecu H:I)OI’I ne, at both sub- at nospheric

(negati ve) E%fhamgﬁi)%af gﬂ’?ﬁﬁ%‘kfﬁ ‘f‘@“ G9uRled th & presshig swsipgunit Bt Seelives  are al so
capabl sysefa 201 Brelssaree Beysistpunyti 16 ghoRinoBLLd estlie WitH DGRBS g&&&tn&{beﬂ@ﬂﬁnd A typi cal

on de I an b in the rar roximately 125 to
700 ngr'gmf)«% Sgﬁqgkr&@ﬁ%m ﬁ‘%} ref'?%crci ‘?pb"fcesf BrgeTA @ﬁﬁlg 4%85 EHLRRHRE an provi de
for i ncqohlhg waigr {iirgugh coobing Waity lingsde. 4khoeghaibi showm thel celldllstnéy fixtef in@tRa Of a process

) t t bl e | ogi
Dot r o PR, Sl eias HRTRA A o Wikt RELBTRNE RIS THERS © | 09" ©
i nt eerEé) thelﬂ@ﬁpfméfﬂtha@@ tagin With haatinghenotingaordotbatbeah-sitn flerrhegeerntot h f aul t s and
al ar m3looﬁﬁhrytbé‘ﬁ:ﬁmtaﬁeﬂeQcﬁﬁ@ﬂ%n?ﬁﬁﬁue?9&e?ﬁnﬁ?ea%mfeofgﬁ elec#r?l rfa ing with a

process tool _and can house cONt & ned cabi net .
The en®5aTTRERY usingreooling oxkeatingiybayriacadin H?Gdle@@h’tfmf apelécelytic kll ariar be gener at or
cabi negoolv@hddter Whllstok ik Bledtlolyt éNle cells. In one enbodi ment, the fluorine
generator gabinet can have two fluorine cells, SUBSTI TUTE SHEET (RULE 26)
11 May 200% HeYBrsfiom g Rropesgasemarpiionselbl4 alpng hydrqsareoutnvelinad2t hat at | east one

of t heCérhbived hyizogesbiltgut ﬁ@yerb&slcﬁhpl%@&r a8 feldivedtl, Adrh eabh MARgendipuflingne or nore
of th S, s, bei.n This configuration provides

0 r _cel ratin
syst eﬁ%z zﬁﬁ‘i‘?aﬁé‘ﬁ& utdgades s g’ﬂ 8% a‘gj%%“%@%% rHtl§ ropfedte Axbaest SYSFMERi ned in t he
‘event amdlkHen mbmtcemﬁiaﬁanmystenm&, WhiciearBaukts BE Hato @R dutsidé ﬂinbéﬂﬁé%e FIG I is a
| fSIO?plo Inf ! edF inc uc{(mgqrac m%mntso gf I-H‘nand trace so%dsrrg%tpgtffmgng?ocess)s/ zsgsegtrzplegggn ce:{lso cess Tlow
14 along process gas output lines 28 to a combined process gas output header 30. Each process gas

generation cell 14 can further comprise an output manifold 34, shown as a separate unit in FIGs. 1,2,

and 3, but which can be integral to a process gas generation cell 14. Process gas (including Fa) flows

through an output manifold 34 before being directed to combined gas output header 30. As is more

clearly shown in FIG. 3, process gas generation system 10 can further comprise various valves

operable in various open/closed combinations, to direct process gas from each manifold 34 to one or
B another (or to multiple) HF traps 32. Process gas output header 30 is coupled as an input to each of

multiple HF traps 32.

Although FIG. 1 shows only two HF traps 32, embodiments can comprise muitiple HF traps, as

may be desired for a given apphcatlon The process gas is thus output from process gas generation
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site generation and distribution of a process gas. Process gas generation
system 10 includes input supply line 12 to process gas gengr Mayaoogel | s
14. In one enbodi ment, input supply line 12 can be wused to supply HF to an
el ectro it hin process gas generation cells 14. [ S gas
generatgﬁig%%h%$ocess gas generation cells 14 can bqugnggﬁﬁg e electrolyte
Wi thin process gas generation cellsy14 can be HC, potassium bichloride
and |-1F. Alternatively, the electrolyte may include HF and potassium
F1 uor icgify 1 4T 6reRParRBE 1 4B B2 thdih £hbdiB1a54. FRflioRl: SELGGe fidd Basuad trace
amounts of H2. Some_ percentage of HF is also output from process gas
gener Precess sescp pigherof HEjoeps 2 actptbat fipither HF trapie puti9f wevdcs Sorgaegnegépnearat i on cel | 14
can beempUld Sikkr b récciE BOSY Bs FEASithAhrotads basllBnaidin &1:990!1 i ng  system 20.

ors t ressure Within a process generation

Pressure sensing unl,é '1%}’”0”'& hhe g

cel | 14. Tepatduiyluopdtin i fiapsie srprswdh hotrer Ageunts of M otB b Fimd process
Igene'r abrhdva ith&)lﬂl " thé{ﬁoddﬁigm?]i&ﬁfbl B@E&iﬁérhtlﬂzl@le Qa@inag mtsg,(rjmddﬂibemglsms:ool i nﬁ wat er
i nes 20. ou t s . the cells 14 may fitte ith a steam heating
col - chnioiteionaeng s i st T itiet b elShulpitle o' Facd pr pe
for adedefgate bifmdineih the cantabmientadaysd EfFwtapsdB2nretchaerbdndd to W dnhll ebdompagt cool i ng,
~or both, the on-sit | uori ne generat or . 100 mai.nt ai ned at a

const é’ﬁ{tsttl% SERSP P it—ag(ra"lesfa“rr?gf%’falmg’owo'{j‘iﬂheg&gf ﬁgir%apgﬁ é‘():rtorth § %/"tesg may be
per f oregenkriting usheing memelined Manifolde v in ngntinabeaswigh valyethni maltelventel ect rol yt e of an

el ect rslg_é : is(gsolﬁt puipq‘rilggﬁ?rea%eﬁab%%?}oilél@groug?gagH’Brﬁra ﬂY}@rknle E%ng{aiign%gll gJI et r ol ytic

cel | . e rocess gas- generation ong hydr ogen
- out putan ppanableXB rapB3rebé Huckepiygenagion sysismgdd opdnatigerdr 24 is coupl ed to and

recei ves K hiMeQanin A4h RGRRe il RidfendelRioledar AL DU SMeQHIPY]s header 24
is coupled to exhaust system25. H2 is routed to exhaust system 25 and

" then tontemplatpdtbat olenArgcas BaHes S3de epncralsd using the eribedimenss of temettiopandy t he out si de

at NS RAGELE - In GFeration Gheltd bGiddd @ SEHPARUBR bontds tabe a@dGhtd JrTewR@] S, 1S out put
from proces as g_ener ation cells 14 al ong%ﬁlr:ocess as output lines 28 to

S , Al C

a conﬁFW&dB‘f%ﬁt@@ aRids Exapi thirediym fluae i PRrotteabegppe sagiaielr at i on cel |
14 camnyhnerbheed BB PR HTap 02 QiR be REoRbdhted 1 reidn it S @Pafaticks Waep@Rar ate unit in
FI Gs. to a process generation

1, 2, and 3, but whi C{b can be iné\@qral
coll PATEPIBReatEEs Enerahon SR Oean PEAPm GBS ToNth B BrGFSEAS Bad) nifold 34
bef or arap62,g., dbacarigdiFtnp 82 nProteeskag generatioh pystennidaatethusIontindstobgerar e cl early
shown i.n El rpcess S, generation system 10 can further conprise
vari odié!“Sgﬁe\?‘é%ﬁfgg"e@d%’i"é"“?‘%e%ri ous open/cl osed conbi nati ons, to direct
- process gdsgdnentionad ehHFrap 32 ohrcko@irise beatingthosodivariep hepprpomattlp 360Ul t i pl e) HF

i R lepEERE « Y8R dlr B3 Rrenile b RIS fefedil dcMi o8 cach ©f
enmbodiimsamdby weds. bongimilas manngl, wheslagexyiFitap phbecames sanigieds the sistsmrcartbef or a gi ven

- appl | %@Ft&ﬁ&‘bacﬂb%@fu&%%gf‘%hiiesthetdékﬁm%b%ﬁs ré;gErRFE‘teB.r PleSystendBn }}ggner ation
SUBSTI TUTE SHEET%S]RULE 26) 11 Maéﬁzooa 037046244 PCTI US02/ 37912 - 10

cel | s svitchtbackynd fogth bafiveantiBytrapir32 withput Jgerupling thytprazessgafitowl d 34. Mani fol ds 34

can be Usaghbb@mbRYES iludd) AR 3B @0l inechBitol) 8 swikhire et Ha@RS todfsuresuch that i f
either HF trap is out of service for regeneration or repair, the other can

recei Vet (e s Eag isdirpatesin ey aprationpl iR 32 Y ARy geh drust Professas seneraion

system 10 can further comprise a control platform and switching mechanism that can detect when one
HF trap is full and switch the system to a standby trap.
| As part of regenerating an HF trap 32, embodiments of the method and system can purge the

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

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

a fabricated product. Embodiments avoid purging HF traps 32 with nitrogen to avoid introducing
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The sodiumfluoride in HF traps 32 reacts with the trace anobunts of HF to
trap the HF and renove it fromthe process gas m xture. Byllusiapgoddltiple
contam nant traps 32, the enbodinments can avoid the costly shutdowns of
fluorin ion system 10 required by prior art netho regenerate
or mai nt%‘fa(?%q'tﬁ%gi containment traps. HF traps 32 are c r%TéUSUE‘g%]%d to be small
and conmpact units. In operation, gpe HF trap 32 is always on-line, with
the other HF trap 32 (or other ones) regenerating or being maintained.

Mani f %ﬁm@émltm prRER RN O ,metaaﬂglmaal WERmH dn MR YF3260 %nB\QeIHF systems (as
known in the art), are operable to route process gas troma fluorine
generd’E’P‘B’r‘i‘e%@‘l’q‘thEBFt“BP”an operable HF trap 32, and thus keep generation

system 10 mafialehtd R also Withiride 4 KifopdR BiEd rnécha.&nn@srvan e idwimdeattt t h reference
cont enpl at ed t hat ot her

to nol ecyl ar fl as generation,. it
pr ocedER E fﬁ’?’ng)og &fr%‘fgéd“LP&“ﬁ‘ij‘“ffﬁ'éa*b%&Fﬁ@Wé haye reased it hod and
syst ernd bﬂ}h&ﬁpﬁéfﬁtliv@dﬂor vheepdridmijigvdchtdaled Maidnale ok iR Pvelall E&BisabNS trace

anount s_of i.ch, ar e ed th L 2., Eventually the sodium
f1 uor iEF¥TYtige ’ﬁ%&ﬂf"—" ?"[h aﬁff{hEﬁ\ﬁﬂ%ségéE’%Piﬁt"gfﬁfsé‘g‘%a‘g?ﬁ“tpﬂfée PRFFSEY HE. The BF
trap Fencesion tyvem 10e reege ey ahiedintms inedduced vhile mosyaaemtdg@as opdhien this
occurs, pr e confi d.to route the
process ge{%&'?"ﬁéga'%%t%% Eﬁ% u‘?@%ﬁ péﬁ, mglecs“gacr:g‘r‘f’m?%ag P’é ™3 Process
gas g@newusqucegyl@dsemmt thamghdfuamt ﬁitﬁn% and providedap eithat adow piassiue btlfﬁﬂ' first HF
trap 3guiss of GRENAS Qsﬁg,resﬁ? JERELED oA HoBlimEs i;!EshLmesge% lﬁggm%?@?'i' se heating

the sodium't rap t o appr oxi mat egr ees, éne a vacuum at the
HF t r apd 32Ag hoyreigdlia 1» blfered iy gas & ou@mtcfmm@t@r%ﬂaaéfmgardeﬁéo @litptessage 32 i n

st andRyi¥neas, Lo ﬁcéwmdn%llewugyclc\ﬁffb%&s @as@aﬁauéﬁeﬂg Aln 301 POGOEES

saturated, the systemcan be sw'tched first HF trap 32 while
t he ‘nERPIopEss gas dpmang a5 %eaF%%@F%@@IOWW@S%Wg?ﬁ%ﬁOtﬁzéﬁf is rowidedito back and

fort h agdr R0 toups &mre%a:e%ﬁtmwss laaa £60h WL fr&drd daﬁernﬁtm@%sg as flow.
Enmbodi rrenti can i ncI control msc anj sm swi t chi ng

mechaMfHiee (9 SPRRIGHSE 42t ﬁ%fPP”fsﬁ‘g%E)}sdﬁ‘@?g toylqw pressugg;bpifer taply ¢ apd ’eﬁﬁ“bper ational HF
trap 3dpat todratesy igasemraTgé m44pmﬁﬂsﬁor@a$orgﬁ&€d’sﬂ{elmgls tosJosbempldGvean further

corrprl tformand sw tchi,n chanismthat c tect when
oo’ P agRAE 6 @1 Sk otRor s Bize G B PG Hoees arnctiper P e par - of

I egengraiss pgy canbefrovided i 08@0r nemdypdliesyreulssvifrodeds@asfeddhiaeldéa Pebessy gdsem can pur ge

- the by generating a vacuumon the trap. This
proceslﬁfgd?léea%nﬁ%gkegpﬁﬁvpﬁr?&%(rgl or art systens that purge the HF trap 32 with
di at onmi ¢ Mlutpubjten 3§ ¢4 be a Ponebffittsnorwthersultigbledier ds bavadeithese irctherani nants to t he
proce i i s tool.

Pr ovi ?mgégg%%ﬁ Fépélﬁ'oﬁ S%f & &nﬁr‘%lﬁ%?ﬁ[ ggﬁs@%‘ﬁ’o"gﬁ%&‘?ﬁ?e@ﬁ céﬂj}.‘ob'légh &gr ocess gas)
to a [prevEsentalelasitowpde oseipbearant to the seni conductor industry because
even tiny Amhasﬁéwn%p@atlamm%esggageﬁeﬁ%ﬁs aax?déaﬂn{cggéﬁtﬁé in a
fabricated product. Enbodi nents avoi d purgi ngm traps Wwth nitrogen to
avoi d sPRnPiyved pigingemmrrensTEkngMetothasmthe atayichies ragulptopodyes: wWel 188 046244

PCT/ U%u?&%&ﬂ%uce;slthhrm%rohﬂlésexﬁ:sée@an%&?ﬁ ﬁRérQﬁQ%uQ&%ts iR g%%ﬁbxdl_g'n%‘aaad pull a

vacuumon an HF tra to renove HE inpurities fromth Ftrap 32.
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 embodlment of the method and system for
providing on-site generation and distribution of a process gas at or near a fabrication facility, FIG. 2
is in most respects, identical to FIG. 1, The notable exception between the two figures is that
downstream of butput filter 36, F, gas is provided directly to compressor 50, and from compressor 50
dircétly to process gas storage tank 44. Compressor 50 can be speed-controlled to maintain pressure
at process gas generation cells 14 at a set value, which can be arbitrarily determined for a given

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

proces_s gas to process tools at a positive pressure. Process gas generation system 10 of FIGs. 1 and 2
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Enbodi ments can al so conprise a nitrogen purge nechanism(as will be shown
In greater detail as part of FIG 3). A nitrogen purge canllday3eéwh when
all of the HF traps 32 have reached the end of their useful lives, or when
per for edul ed mai ntenance on the overall pr generation
system W%‘Zzﬁball of the HF traps 32 are repl aced, qﬁ%?[fssg%gm rable to
purge process gas generation systgm 10 to renove any contani nants

i ntroduced while the system piping was open. Returning nowto FIG 1, at

t.he OL&B;DMEO Bfuddh po&v&;@gyﬁly%ch d}'alélmtat’flreé {)MW.‘JO%@ hg‘?z%lecﬁ'lga@ ‘;M&é%ﬁxg%g mal |
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non- speed control npr essor ., ressure control Ier 38 can be any
cel | mspaesd it @’O@ﬁﬁﬂa? E?P?r%,rwnaéls khisappve bsefmwg@twwnﬁdﬁéerﬁws thatQompisesgth not shown
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Conpr essor can eed-cont rol mal ntai n pressur rocess gas
gener deresery éé? lﬂk)g@msaﬁ Bs@pdlmtwe Cﬁmwecﬁﬁpl@émmﬁéﬁ’ BPGTP@aWUWde@ erm ned for
a gi veas tha? oiperd dePtitior ¥otal Metdtd, Gad with 1PIGC18padks pof BIRBA HRuBERdhBmPr OVi ded from
process_gas storage tank 44 to one or nore process tools via process gas
feed [ANRPLEEUM WPRANESHH0di ments of FIGs. 1 and 2 can provide process gas to

process t gutS igd %%ht@(?ﬁiré de¥ifedHI QR TibBm of InRMESREmARSE 1RAPRRt Q%kieySt em 10 of

FIGs. | and 2 SUBST| TUTE SHEET (RULE 26) 11 May 2006 WD 03/ 046244
- PCT/ USEST289%an disipbution of apracsssgag | gssgasmowﬁm {00 of iiGq3 fsdhes 480 vol t,
t hr ee-eﬁhh%e(ﬁt Sf@ctidochs BisgerdkAied 10 sB&in iR BIRI 1 Y PPPrijcess gas generation system

100, however, includes various additional components, as known to those in the art, for the proper

opcratlon of a process gas generation system. These components include valves 110, pressure

transducers 120, thermocouples 130, level sensors 140, sample cylinders 150, filters 160 and vartous

interconnecting piping and manifolds. FIG. 3 is an exploded diagrammatic view of the simplified

process gas generation systems 10 of FIGs. I and 2.

- Other embodiments can comprise a fluorine generator housed in a single enclosure. The

enclosure can comprise a cabinet coupled to a vacuum source operable to maintain air flow through

the cabinet, for example, at a velocity of approximately 45 to 60 meters per minute or 150 to 200 feet

per minute at any cabinet opening. The cabinet can thus be maintained at a negative pressure, The
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60, to provide electrical power to the electrical conponents of process gas
generation system 10. Enbodi nents of the nethod and system floMapQ0&s t e
generation and distribution of a process gas can produce F2 or another

process yaas set pressure, for exanple, at a maxi ure of
appr oxi mate éﬁ Pa or 8 mllibars gauge pressure. m"%@é@%@?@ 42 and 50 of
FIGs. | and 2 respectively, can configured to maintain the pressure at

process gas generation cells 14 at or below the set pressure to assure the
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generatio
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transducers eancou eve ensors
150, fpaleahast 966ma Gabinea POOPEEIG. thueqsecﬂmt@eg«innlgmpimph ayfdesonibedrmthef ol ds. FIG 3

is an | gener at i on
e%mﬁ&g&fﬂmw ami@ ﬁeydbﬁ‘é‘lz%cahlﬁﬁ%lﬁé @Jsbfdﬁﬂece ng“ ik g@uf%vl gens'a

systens 1 I ment can co

gener 32&™high gisailptes H“fa‘g% 1hﬁ itegioreof eabingt 208 andwtputeth@uabsm mermekaperatiompr i se a

cabi NebmaOsRt8kE \taneQBO/Qﬂﬁié%s'ﬁ%lﬂ{r&%h Qmal%péramrgqan(wgsote%anst@w;sf | ow through
t he cab| net, for exanple, at a_ vel OCItzﬂoé proximately 45 to 60 neters
0

per  mATHEe oY OB 8 81 RuPlef e 1000 bauSeTypE AIHeP0 GRRIR ng. The
cabi ngihagd @ystehmo O chrpy d&bﬁa @ﬁﬂus@MO?as RRD & vaiéus Bh@Tabtion febifly SUBSTI TUTE SHEET
(RULE 2£3 ﬁ/ﬁ 2006 {{046244 CT/ USQ2/ 3791
€x sts, to the outside atmosphere. House exhaust system 250 can pass through various other
' filtering components before ventmg to the outside atmosphere. House exhaust system 250 can
~comrespond 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 io the '
~ atmosphere, As shown in FIGs. 4 and 5, there is no purposeful venting of process gas (F,) into either
cabinet 200 or into the room housing cabinet 200. For example, when switching from one HF trap 32
to another HF trap 32, vacuum is pulied on the regenerating HF trap 32 and minute amounts of F,

~ from the HF inside HF traps 32 can be brought into exhaust 240. Itis contemplated that the amounts
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-13 vacuum source can be part of a cabinet abatenent system having the
capacity to treat the accidental release of process gas fridnManpgogeart of
the generator or cabinet. The air flow through the cabinet is exhausted to
t he aba stem which can be capabl e of neutral process gas
rel ease%ﬁg&% 62ﬁ%lhe maxi nrum anount of gas desi gned to‘@‘%?zé Qﬁt at any tinme
in the generator or its cabinet. Enhodiments can conprise a cabinet having
an integrally housed abatenent systemto handle the accidental release of
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the caBiser M9 L cabyet 4 %‘85’8?&9?33%3?5 ﬁ@?"r‘?@yf‘é ectronic valve triggered
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i nt akfsaknal rfl €W 220, which circul ates through the interior of cabinet 200
and i ©Hlhy ough, in nornmal operation, normal operating valve 230.
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th I t 00 to h t t
250, - M HGEh ko Bl Bl OB o8, A SR Pl it R L el oo
vari o dl@we\tehexham%q aompiiserrif with dnlyttiace s tip)ectlar flubrne odiich tateheabaospher e.
House @%E@H%Bus@ yﬁgﬁmﬁt&?ﬁ 2502 F}Z'hpﬂo%&'betnmﬁﬂﬂpm\ﬁ@ofbgrﬁ zac%d"ﬁ%aust 256 éaﬁrble ng

corrponents before ve g e out sl at no use exhaust syst em
250 caprhargest or eaplsesildo regsore ftoeffeativanesy. dhe smhoc*m@etswerfmrthmdmcmﬁmmelm 26 of FIGs.

1 and ¢ AldiRie SRR Fb0TESeRbR bo dhitGoWEpBRE ga@&namr%h ?)ﬁle A if Al teibd € generation

and distribution of a process gas contenplate there wll be no
pur podprite 1yt frieigr offcatingt 208. Bewsndwhuttieg doym prosesesss gg‘&@tﬂtgéysﬁmlo, at mosphere. As

shown fiuBrifel séser 260 ad%q}séredfré&%xﬁads@@"as ﬂ%ﬂ@@%@%beﬁeme's&gce%hhg Qe&ss gas (F2)
into ei tgg‘fﬁahéabl net 200 or into the room housing cabi net 200, For exanple,

when St et begntiirg angrepaitsd) ﬁS‘"ZbHUPQP“JWBt%WPIWgPF aippodimentiea® uum | s pul | ed
on t hahysegatievedbi thdneblfof dnaRteddl ckliadst BjsRihtaRd AdWRIEREd Sderdalabatbhain t he HF i nside

o S ca B R0 ool e o s 00 4 Shpatic of continin ary ol Ruawne |20 {1

gas leak from process gas generation system 10 within cabinet 200. Embodiments can thus provide

the advantage of an in-situ emergency absorbent exhaust system that can eliminate the need for a
dedicated external exhaust abatement system. FIG. 5 is otherwise identical to FIG. 4 and is intended
to illustrate the different flow path of exhaust 240 through absorbent packed exhaust 280, as oppbsed
. to through normal operating valve 230,
| Fluorine sensor 260 can be set to detect a threshold limit of fluorine, at which point it will
switch from normal exhaust mode to emergency exhaust mode as described above. For example, the

threshold can be set at three parts per million, or other arbitrarily determined limit as determined for a
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11 May 2006 WD 03/046244 PCT/ US02/ 37912 -14 of F2 and HF brought into house
exhaust 250 by exhaust 240 during such a regeneration eventlickiay &6
adequat el y handl ed by the house exhaust system 250 abatenent system Unlike
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Negative pressure multi-point distribution system 300 can also comprise one 01: 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
.7 and 3. Although all the connections, pumps, filters and manifolds of process gas generation system
10 are not shown, the samé system can be used to provide a process gas to negative pressure bulk
storage tank 310 via a feed line 360, |

 SUBSTITUTE SHEET (RULE 26)




threshold can be set at three parts per mllion, or other arbitrarily
determned limt as determned for a SUBSTI TUTE SHEET ( RULEIRKfy 2804vRy 2006
WO 03/ 046244 PCTI US02/ 37912 -15 given application. Wen the threshold
fluorin L. s exceeded, fluorine sensor 260 can rmal operating
val ve 2 éé@%%%se and can cause energency exhaust véﬁﬁﬁgg%lg o open, thus
redirecting the flow of exhaust 24q through absorbent packed exhaust 280,
whi ch can contain enough absor bent naterlal (e.g., alum num oxide) to

neut 12, ! Zr@loll 4G, 49&8&%52?gg%nﬁ%gous%bgmf%%ss%f% i st B g o

pI’OCESS neration s g., two

tines Otf H@ preo'toas Fiﬁl%dﬂlﬁn@ qdimept SEES § igparsalegeneersivn with hysgaive fi03sure The dual
exhaust; ai ' ge over a
pri or art systée)ém'{lét}g%ﬁggﬁgﬁcg? 2p$ 0 caOBtEGﬁgr ragaééog"gmgﬂf%%gﬁ@tlfabat enment

sy st erfietched oBtsHdyihat pmpehdpnger nsgrtiye-pressure pipipgrup gandy @@Qm!v@d fThapesitive (or ot her

pr 0C€§)$es§l.§§l)ne9fr&§ﬁﬁbutleﬂoﬂcbﬁpr@dsér 4b kans pr&%%ﬁ%ﬁ.&a HHo. Zeiﬁa?e %@géggraliya p\f/imsls?ed

continpal |y, t hroug sorhent materi al

have ég?ﬁﬁ‘}ﬁi q“@h‘ th‘iﬁ'g’f’%fne?tl"?@(}t % &% Ppsiive pregspre dings arasybsiapially Josd tabs or bent
pac kedheqxbh%ﬂﬁbo] Z'ﬁGs @a;rgurah&e&ae@@m@,mcb@semw b B Priorlall baAusBfohi MAL §d state for
atinme needed. . Fl uqri ensor 260, energency exhaust

Tal vo PR bR Sy DRPG G 2et R DRSNS e BHSIRhuSE 280,
t-ogéet hiﬁm’tmpm‘r&ystﬁn 8D odhk al@abmprize Adexhiusddent IB0OUGHM cu@nAlse aldeRtentTat €1 al only

in th vent I n eas ecause fluorine sensor 260 is in line

W th t%ﬁsger?%od\?vgg %,g%}%} nce‘zﬁ'&‘ Cﬁnﬁgerﬁﬁl operating conditions, it isin a

posi tion nepewQres pomg distribation meste & extbpditmentddan pdovidé fores. ce
The tiel WeoBE] df irib 0300 efithe entbodi pdolridé f On

the fl t 280 clean air is
exchaut il of EBRNGEC ke B BN UHEE R e esiing of o
pr oce§§?l'ﬂga§mk ritresuires ydheainrars (Thia Sibecane 2 ghsiumian sickwry cantbe delieaed fuh a conpl ex

and eé?s@é?%h&/ﬁsté?%§9¥ {?Ja xéssemegaﬁb@pragm &b&&%&g@é{m% Qhg the cost

and space demands o |ona abat ehrent ens an conformto
saf et ye sigpifieanihesmpadigrdigesy (ﬂw Brichtf Eanirewent pihaying tp |sre@ mapy elindgrsi(ar qae si npl i fi ed,

di agr agpedylifder) @PPreE & Yulkipkd2Bss s cin dNoDE aﬁﬁna%sasm the Siredpbralig bbAiheneTDOdI MENL
of the net hod and s stem Fl;lgg ati ve ressure nmul ti-point distribution system

300 cARCEAfSFPRde H@’@%@ ﬁ?’%‘%’é" B Pk ot age tank 310, which can be
of a si ze sl embadithats of thaBulk Bisdibudibn aspdct AMthedetho8 Ml sGdidm fofNG&L 1 Ve pressure

bul k st t 310 t d.t th h
R TR T T A X TN
| ndi vipthasuke stk tanksBap foe &b pmcesaﬁozcm: Teptbr thaypl providenstebilifas bdlivar@ pressure,
th . t t

mur ¢ PR Eesdf Eprb iR a8 i S R O6 R i St BT G TR o pr ocess
gas gereesuzet Thanaed for g lafigé pfoogss wlstenamtankgys tsalimineted sul heleyergewey as descri bed

W LI GEAREALh oG codbor b knefloRUE S LRI LB, Gyie neoati ve

pressure bul k* storage rou gh greatly
si npl EP§itdes prastvee spange taoks cerf bepfor mampie,lampmmﬂé,ﬂ titehsidragorenky Somme®0B Wit hi n t he

dot t edsg {98 il bellrs, aphRkinfA TS ﬁpa&gﬁ%%ﬁﬂges% Shifessoid gﬂ%w% contal ning

process_gas generatlo syste 10 of t he
conne@t™®#s, punps, filters and manifol ds of process gas generatlon system

As shown in FIG. 6, process gas generation system 10 can be housed in a cabinet 200 with its

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

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

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

for a given apphcanon (e.g., approximately 10 liters).
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10 are not shown, the sane system can be used to provide a process gas to

"~ negative pressure bulk storage tank 310 via a feed |ine 360 MBS TUTE
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pressure) is detected at negative pressure bulk storage tank 310. This ¢an be accomplished, for

example, by use of a pressure transducer cdmmunicatively comnected to and operable to shut down

- process gas generation system 10,

Referring now to FIGs. 1, 2 and 3, in contrast to negative pressure multi-point distribution

system 300 of FIG., 6, and to further explain the operation of the embodiment of FIG. 6, in FIG. 1,
process gas generation system 10 comprises a positive pressure delivery system through output line

| 46. At the outlet to low pressure storage tank 40, compressor 42 is puliing a vacuum on low pressure
storage tank 40, Process gas generation cells 14 of process gas generation system 10 generate the
process gas at a low pressure {¢.g., approximately 7 KPa or 1 psi (8 millibars)). Cell pressure |

controller 38 can measure the pressure at process gas generation cells 14, and cycle the process gas
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gas at a positive pressure to a process tool 350. Each process tool 350 can
thus have an associated conpressor and small storage tank tifdhy 2egs provi de
the process tool 350 with enough process gas to run at peak (e.g.

appr oxi 20 liters). Positive pressure storage tanks 340 can be si zed
“as desi S;'Z(g“s’f‘?}?“ a given application (e.g., approxi matt&{P5 %P ers).
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generatlon a yst.em 10. Referring now to In contrast to
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fur t hefoc@x plsgbtrtratibiesy Qe (R IShewd figatve Bre@ R B6lk BBRe i 3T fachBprdst FIG 1,

pressure (e.g. a positive pressure), as described above, process gas generation can be cycled off. Gas
generation is cycled off to match demand and to protect process gas generation cells 14 because, as
diseussed above, a pressure increase in negative pressure bulk storage tank 310 indicates that process
gas demand is less than the process gas supply rate, Once process tools 350 start demanding process
gas, a vacuum will once again be pulled inside of negative pressure bulk storage tank 310 by

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

system 10 back on and restart generation of process gas. This can be accomplished, for example, by a
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process gas generation system 10 conprises a positive pressure delivery
system through output line 46. At the outlet to | ow pressuremMayo@e tank
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Process neration cells 14 of process gas generat] tem 10

gener at ﬁ%«g’g& focess gas at a |l ow pressure (e.g., 3’&1@&; %é?lély 7 KPa or |
psi (8 milli bars)) Cell pressure 1(§ontrol | er 38 can neasure the pressure
at process gas generation cells 14, "and cycle the process gas SUBSTI TUTE

SHEET ;(rgls&rgtrgrgaucérjcomxméqoaﬁy 399;?1%1% R4p Z%Afm? ?ELS%S'Q)ZI{\ §%l% K P80 edqe ration

cells on and via, for ex iC con o?ler control
syst enﬁh"—%ﬁf‘ﬂlém OFPFOQBFﬁéa&SWSYa"EOBSJ@Gmlﬁol the flow of mol ecular fluorine gas

to | ow premgiuiagal RIS dosth 3563&304& Baéh proPigdd RS HesGlrOR b ,nl et valves to
HF traps, 32. Conpr essgrre 42 ug rralpnt ai n@g‘ a‘milﬁsr essu}?goatgﬁgr age tank 40 at

a vac LRH%\“WHFP[S‘F%%‘%%@%%%@PB@“%{‘ ‘EBWF?%&?@&%‘%WI%‘%WW@H%‘PIW aWd thus, in
oper at i 6¢hroliddiby lfFﬁhrE&e@#efdeﬁ:easUﬁ'%tbb@%eﬁﬁsxd‘e@We?&l’tﬁ§&’b§sﬁe Bl t&n@'ﬁo 40 while

al so n&{sm al ni ng £05| t'ué) lPress EE% appr oxi mat e 100 KPa or 15
psi g) ARG PRISWE sigrage tanky, 140 oan bepip tngrov P PRSEER sugell of l§°°§§r$é9rfa‘t5‘ed by

pr ocesgvega@erg&»nmﬂiw@mmlms 14, it is provided to | ow pressure buffer tank
40, where increa J u.e if there is substan no demand
for the pr eabies SRR ofl GEUG svert Siboreta i miona sy ao

r eachefer @- gmtatadmméﬂxst@butgn of mmassgasrmtmbwyde?.‘m KRantage ol mindnhi}ing hel | pressure

contr J Jf%? glg g[()l}% %39 gg{l\gé}Llﬁ(ewulg 9&] a.(t:t% S?é‘.l’ﬂ%l aqarge ]JI'EBG%SS%ES s%ﬁ%sgé t%9§s eneration

system s Pgererati on ~procs cause a
pr essLne@mieﬁ@nféthgefoiemCd@esmndmavonwiﬂesmdmaenbm foatemenasyktem Qedessarito | ndi cat i on

t hat a&&gﬁm&aﬁm%ﬁaﬂ%mmwan L&@gtﬁéh% g agsgééc dich. JahGAtion rate.

Process gas generation system 10 1Is ecause as pressure
i ncr eaﬂé‘é%!ltqgﬁm“ﬂéa]bfa’sfh@ém@c%fS%ﬁlSElé'I“IDB lines 320qepbg undéryrcaum firg., e pushed out

wi th tﬁzgatn@bx%ﬁweﬁrlfaf1Lﬂé%dum%reeﬁ%o%ﬂarrfﬁa% (afbm&%cksxggyma%s f.dhe process

gas generatl Ol’l cel When process gas denand 1 ncCreases, € pressure

i nsi deB2EE galh “ﬂ‘égba:?{‘ Méa“t"%lﬂkss‘ﬂﬂb%%?@ééa@@w instad plrhging pPvlledouto process
gas Stlﬁﬂb&@'ﬂ)ﬁbﬂ:ﬂkfa@ﬁtyf mm%h@wﬂmmswr@cemgw i thud &Psedd thela%smﬁ%ﬁw e buffer
tank 4 rodg@. LI prcgz]m}[a (h;é um i ncreases), and cell pressure controller
38 wi | PorEgaYoRdqeitiy su in- phatement systems gaoi handl Yeheadeleasss gener ati on syst em
10 back omaa{cnmdmmem plobess I|061|36ﬂt cauah’éetsoﬁnocabiﬁettwﬁtaﬂ&vﬁ?abateﬂéhk SsBh@eess can
repeat jtse cont i nuous i The oper at negative
pr essurméd'fﬁ‘j‘} W’a"f)o??ﬂmg‘f’%s? %ﬂ?ﬁ? SR eﬁ‘?%g%‘?t SEYE I cab @gis gas

gener aspeniosshsdesmbdwithgregatis & Bifia K el santbe prtohécdcap&b}aﬂirb@ﬁk todN@fpat i ve pressure
b ThALAGR ARl SRl ofch Fhoedls GBSO R RARATol Qub ARPLERR" €, DUTl o f ANk

arger sca ndi vi dual t ool
conpree;%ftﬂeéanl%@@Can\khlltbwmrd%tqmpl@skmrﬂutptmessmseuowéhvlﬂmmhp@sm 42 of FIGs. 1,

2 anqm%suré Sorb @R 94 'N]@G%H‘E}(ﬂﬂo g&lg%tsdlﬁ @df]ﬁﬁég%‘%f PoIYIRe th%i? age tank 310. As

a result, a vacuumis nalntalne ive pre gare bul k st orage
t ank JEEAtvEpEISHe axoi tie pepsibility thot wpreesss @v@lﬂmmwpﬂfmywn@étt}geﬁewatl on system

10.  Shrysl sbghtRepleisvuR banaaﬁgg:shk@% kmwamas pésme RAGH sRrapl @Rt Pressure

(e.g. % positive pressure), as describ ove pro ess gas generation can
be cyd Qahlelfl?tﬂh@@ssmg?éﬁWﬁtshlﬂ@erewple@ts@fpnowtﬁats@har@mnd and to prot ect

Pr OCes@rrepondaR W pabivOMate@bt Sysibfls. because, as
Process gas generation system 10 of the embodiments can be sized based on the needs of a

particular application. For example, one embodiment of the process gas generation system 10 can be
sized to produce approximately 700 grams of process gas per hour. The process gas generation cells
14 can be, for example, 10-blade cells, 30-blade cells, or 150-blade celis, depending on the
application. The embodiments are directed to minimizing the amount of process gas storage on-site

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

. per hour. This means that they can generate process gas in amounts anywhefe up to their maximum
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di scussed above, a pressure increase in negative pressure bul k storage tank
310 indicates that process gas demand is |less than the progesayge® supply
rate. Once process tools 350 start denmandi ng process gas, a vacuumw ||
once ag |l ed inside of negative pressure bul tank 310 by
|nd|vrd8% mﬁ@%gressors 330, As the pressure decrease§)ﬁh%%%ﬁézstorage t ank
310 (e.g., the vacuum i ncreases), a8 control signal can be generated by a
cont rol systenrto cycl e process gas generation system 10 back on and

by o ST St ol CRBEDSRSRGy ff o5 RR 0 BE RIS B P 37002

-19- rﬁ“@%ixlﬂeéaftdr"amm\‘éqmgeE#ﬂﬂ\ﬁﬁﬁﬂheawﬂﬁmayg@%mnewmwbot h negative pressure
bul k st or agep ﬁdﬂfgﬁ%@m@éﬁeﬁrﬁe stdrd}@ taﬁQfﬁOraﬂr!l ansibfcﬁ'&lm tBﬂ corﬂfrt%go(?%@ {gas generation

system 10. 'I'ndi vi dual nPr essors can eac ‘m&éovr de a positive
pr ess fREh Rpecsstieal p50ythe Ftelr‘)dt"&ma tbﬂ%lﬁ&ql%uweswrcei mevdedlpabilinin  340.

Oper atdefiver plocdas ﬁeﬁ&nﬁﬁ&anGQﬂ&hﬁﬁd]&ﬁy Y PoRER géapmngmnnmﬁ@f%gaﬁre 200 is
controll ed 3%{1% n(:lru,1 se/ decrease aof pressure jgnsr negative pressure

bul k FOFEY gt c?%qc?sﬁgaéa‘rfrpé%’ffrpé“%‘f“df’éaﬁ P‘P‘Efﬁ%%" éﬁb Pesifivepe si zed to
provi qﬁesbdiepm&@msﬁﬁwv&umﬁdmya bl spéc(fﬁ;@&ﬁmg@&ss‘u&rsto&ge @hVRDtoRdcadsi on to a

roce e n ssure mul t] i stribution system
b0 REe e S e RS M iR u SPRRIe st ot bt et ana o

di st r i goessurofi.e.ob iraliyidueltes sorgmsoudtm)pmdw@umnseadﬁmm\teamoﬁifwerﬁdasum zing the
'size qf, art a large
proce socta%ga@% 9?.‘%&33{&@?&%@{%@@“&&9 mlg pre&rr]xgm[ REFes ore gmﬁorrespogdr ng
- conpl @Oéndafﬁxpemﬁ,mﬂabé@mmmhesmblﬂmhecessary to ensure that the entire
content s ofisebinphudidiaka ﬁoe\nvé}gesa@é&cr@k raaf%ogr&aﬂhﬁggqagga ESAGS A T UL her

advantage ISt over he roce IStri 20 can be
under 3% émhﬁhetrsecewhnm single qnégtmhedéqusﬂuetggmoegss toplf35@, Fuirthes, cadhoudhdintor eak

M| eC Wofh hive O b Rditahal %keelenterseﬁleeﬁar&ﬁ&)ry dssal IOGRIGISing 925€s W | | be

sucked back into negative pressure bulk storage tank 310 %stead of being

expel |SQHPHHET alnﬁ‘t‘8°fégef%rﬁn€§i”i°€ﬁﬁstf’%l&al’]’“t%ﬁed A nininmal anount of a process

gas is thusisexfpaest oter &mdlaﬁmmere&omnd@ystéﬂardm& bQBatforGdd 1 ty, such that

the in; hq)(9 bat enent q%gs handl e such a rel ease. Each i ndi vi dual
Ry Een OTER

procedds BHrOLHHEN 3B pREPackeenpieat Vssrl forbarardant syst em
that 1igaids ghsdeaet witk Patesd gat gendratiann HRAE6E 15GiALMBREE sechridbry ContiiiMeRs, A

dual h t ly .d bed with

Foqar denpEiebat St Tl ool SR e PRl et E o ' 560,

| ndi vietba@blyte ncetlignie st gesips tgowandl qmraewlmtpmme@m sdcophry oiirmieet. i t s rel ated tool
4 ded t tral th

or obe Sty Whulin: SHRIPAe bAP G $ERE BN SO PRI T B 00” The

over hémically »fedift ogeiberdiob devidsito imove thqrm e 8P dinpes sonopeiqad-dgtat a

Negat igedbis Sfiner exercalrrprér@eméa%@ i s{eEZarBrﬂBteacﬂ REQEES JenfdiS /o CaSe 110 2

fabrication dceur rom negative orage tank
310. I'Adihe @trareake@ﬂnmmpe@ rq‘ceslqgﬂiersrcpwermp@mnmesysmrae@easrampkls 340

elim re?areefor Ja@h ;ﬁrsceesgur geh@flioR Qéﬂrlquﬁ%Hﬁéﬁra!trbﬂ‘&n bl GOTRd By Pdikdr 1 Or art

systens and thejr correspond mg expensi ve abatenent systens. Process gas

. gener ét‘qh@ﬁﬂ%‘W%déﬁP‘l% aﬁfneﬂ% aphgySemsnnd poidhpmpnufagiusing preblege assesintadhe needs of

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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particul ar application. For exanple, one enbodiment of the process gas
generation system 10 can be sized to produce approxi natel yi7RQygoegs of
process gas per hour. The process gas generation cells 14 can be, for
exanpl e, 10-bl ade cells, 30-blade cells, or 150- blade ceIIs dependlng on
the apPf?®4¥FBA. The enbodinents are directed to m MW HF*Phe amount of
process gas storage on-site and f%’ét her to delivering a process gas, such
as F2, on demand. Thus, the enbodirfents of the process gas generation
syste X 700 grans of a
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in turn, can be neasured by the pressure wt |nes and

wi t hi riglgong] ikl elimicel ipoetstges gpesetion §e”g1é§afg‘é€rmtfﬂﬁ®rﬂesqfst em 10. By

provi diph@xitaRBSid00 ‘]é@.mﬂhr(ﬁﬁs‘é'éf@pa%hﬂ{aﬁg'eisﬁ Rilderan 0 1A é’ff‘métmls VheQH@tk tool
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press ile st 1 din r tive pressure to
each B&Bég@ §°’ita(5r5’l’en5‘ teg‘i?g\él(i c‘t‘“’l"\?@ “‘eﬁfeétg% q”fﬁ‘r“g@é ]ygle@@p Preted from a

t ool - spr@infbn syEsi it typmllprdmeﬂte captupd’ HO% off éha km@ﬂﬂofh&aﬂoﬁﬂﬁﬁ&ss t ool 350

whi |l e CI nity of positive pressure storage tank 340
at Cg]%alf]gh 19%63}/0%9?83859“(&}&&“ SySt 0 individual tool conpressors 330). The
dual pur pd¥edgringfto 8. 7 \ibrlirregh @ows inipweesp p@gsnsraton goll 04, esatigris a teleage pr ocess

t ool i.ni t S ellvery | i nes
390 f %?&ga%é 1&%1r i Slgirllago cgltl:tgﬁm&'ﬁ&?ﬁ 4B<Y %od?{ﬁge%%’craﬁ 4b(ﬂﬁ§{ sgﬁeneﬁt %aaclfyt

conte rfplﬂmoe@tnﬁﬁtétanlallp éib¢ftthe\ﬁthmlmlmuldéH 8t Mha@ cblanmnm&rtalmilsaimwnn d i vi dual
ool GoRCRAA0 arioAS g i) BLREH WhisfiniBuPlod ifbe il ofdlpiplied di rectly

to a process t ool her each such unit coul ave S own
i ndi vu‘bﬂ&&lsu‘ﬁﬁa‘{*@w‘%‘l}%ﬁl@m‘ﬁaww BRPPSUES 9enerp%cww§b@dsucmasamwestonpru sing a

CoNpr &sPhicked oFbthdr sGlaBIE ABErid ank, and a process tool may be used, It is an
aspect of other embodi ments of the nmethod and s ‘éstemfor on-site generation
¥

and  di st r5B@GH ca 48 opFiGe 2elee merivrofling hardrere P, vehichs ) hegoatiets conpact
- cont aiwhaelslor m&s@n nfeHanibtAgZa8 kebkaSn thh hrf) lsim@%mm%smtng process gas

generatlon Haza UldS | re secondar co i nent
O e e ool nghWE@*@hG%?ﬂaﬂﬁwae@&gnwgs e S SR B 1 he
enbodienpensise mmarmomcansmm rcq&xl'mhﬂ‘oﬂh@ﬁr@ td get evet that dikel wRth a%vzﬁiﬂéde 8g nor nal

oper at | hat uire seca cont.a econdary cont ai nnent
syst errglg?)?‘“E b SUCh or mces%ﬁg? Bepration & ar ge ﬁ@ ?—f{]@g g‘hﬁer?%ga‘me‘?téd%éﬁ?}y

equi prepire eltlltslyqﬁorkaﬁ oy dikeftobedivilfaround prodebregas guﬁkuodeysteﬁﬂp Centaieneat t hem The
enbodi I ter i ner (for
exarrplcg? Hﬁ\/\ozclmglgg% g{@%eg‘ egsfgrasfl kg“bgegllf“g%%% b%%@% d%gdﬂg i a“%‘%qgéner ation cell

14, Tientgpingproeseagae eenereion gisteay 10c Euﬂhaicconwnbmtchrt @()SGICWWIIII&!’W captunt ai nnent
syste Bl generation cell 14.

Thi s cpRprmasly HEROAR Mot Rt il RS A BREE B34 00T C ae that used i
prior art Gepteinmeat caﬁ@()ﬁwserﬁ@ctmamaa shinping cralge Contginnentaatt ¥ pr pr obl ens

2S00 icRlffl, ot rahdfirdd g el bother RO Rl SR ISEARG N, gONt 21 nrrent

syst erH cont enpl at ed
oor and then covered with a removable lid 460. The bottom of containment cart 400 should be

constructed to withstand the weight of process gas generation cell 14, Containment cart 14 can
- comprise a level sensor 430 for detecting the presence of an electrolyte liquid within containment cart
400 to indicate that a leak has occurred within process gas generation cell 14, Level sensor 430 can
be located within a sump 440, shaped to channel spilled electrolyte to level sensor 430, Supports 420
| can be included to support process gas generation cell 14 within containment cart 400. | _
FIGs. 8A-8C and FIGs. 9A-9D show side and top view perspectives of one embodiment of
cabinet 200. FIG. 8A shows a view and front face elevation of cabinet 200, in(;luding touchscreen

810, viewing window 820, and vent input grills 830. Touchscreen 810 can be an interface, such as a
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- . 400 can, be S|ze to capture approxi mat

enbodi nents can be equi pped with casters or other such rolling hardware to
elimnate the need for the additional working space requirEdvhoROGs
forklift or other heavy machinery to-install or renbve process gas

gener at g‘p(g 3?;0? I4$ 14. FIG 7 shows a containnent cart 400 hou3| ng a process
gas gendfAP%H* el 14 containing electrolyte Iiqui FAMZ8Hit ai nment cart
400 is sized to contain all of the . glectrolyte liquid 410 inside of a
process gas generation cell 14 in the event of a |leak or other rupture.
Wth refear F n input. to.the electrolyte
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t he amoun hazar dous cont ai ne rocess 'gas generation
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cell kﬂm oh 82 BlobdsPghs b&n}ﬁ‘es&@t{ g@}g@ an&foolﬁlk @y‘é{eﬁ@ la¥d i 4r5144oids @3181 &n%\ L contai nment

cart cont ai nnent cart is of Sufficient capaci t uIIy contain
substQFﬂc?séB‘fS;Ee%?ﬁ“"'b‘fe“i He fkarets g HFiters 32qui d 410. Although cont ai nment cart

400 is Shqwemlibﬂmi%ntﬁ emif@He BmpHAaicitd] Qe pRVRR &R HERpeRRed' &R, Cont ai nment
cart 400 can ?Bij r@@& rc’iagerlal that is substantially inert to the

el ect FE%Y“WB"W’P% W E? d glatm EuRetion pRyArique procesugas ganemtioasysiamai nl ess

st eel ,eqtﬁ]blﬁdneitems(nﬁn mﬁﬁmﬁor&bytsWa&oml §kteral For Qﬁﬂﬁnﬂltﬂéﬂi‘ﬁlﬁs &%Ees@@ of FIG 7
al so %Q rnhr%ae *{E#%p% g%rdwa e %5 BM‘oﬁ §vcoa ers wheel s, or

ot her B<GEN %ah A& RRBGHP A 44 mgfyéte‘ﬁ? et el of

trans pmnmmqngltemomeanmmntolsmem o408 implementedlubilizng; arsingleGllustddn| | ke prior art

Tequi P agarb I et $rc M ioe b o RERT el fa e o
equi pEBMErY opaIEdr interfape. dibe pimagn sperpéon exteathceom lwaduch Sodeen B10rE aﬂlcmrsant car t 400 of
the ephRAlBBRRERs HASRo E:‘g'tnde Joﬁﬁ‘&i'aﬁaemcﬁ\'lt&?xgrfun ofn%)gag bk ke {Igced & tgl 15{;816'[ galrjl e built

around process gas ration s nen , because

t he n&¥Yrokyften togirquide;siatys indication pf kan caatio] phyemstert.| Bid cetitoksysténypliysitd a cabi net

200 Qeiphakdbe Mol bOERSR1D ASHANGHAL LR cHXs! contai nment cart
4 d e é‘édu dg%{g% c%fl%f(j’l/{?%?(}ﬁ#ﬁe eFect rolyte liquid

Wi t hi H"a‘ﬁfeﬂ@ég@ Ifa d@gﬁgqraqs;sowsgr@g fhe mgan t:me to repair is kept to a minimum. The
main control system can be housed on a single control platform located at, for example, the top of a

space envelope defined for cabinet 200.

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

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

system 10 in accordance with the teachings. A single programmable logic controller can be used to
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Cont ai nnment cart 400 can al so function as a shipping crate. Containnent
cart 400, for exanple, can be nmanufactured by wel di ng t ogetihefayRode pi eces
of netal to forma rectangle with a floor and then covered vvit?:l

renovab i 0. The bottom of contai nment cart 400
construé\?oeéjm?%& t hstand the wei ght of process gas gepfiﬂ%#?"gﬁ cell 14.
Contai nnment cart 14 can- conprise & evel sensor 430 for detecting the

presence of an electrolyte liquid within containment cart 400 to indicate

that aphGakmbAsn@ehtfidiGHerttd 0} de ﬁr 8&1@1%{’}0:&3%8& gﬂ%{sé}gt& 8 ta(I: d ana][ gy Level

sensor, 430 can be |ocated wthi unp ned spilled
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procesanpggsmgﬂégeratl on cell 14 WI t hin contai nment cart 400. FIGs. SA-SC and
FI Gs. 9A-9 show S|(i and to er spectives of one enbodi nent of
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secondary containment systems of the prior art can be eliminated.

Attention is now directed to methods of generating and using on-site generation of molecular
fluorine. In one embodiment, the on-site generation of molecular fluorine can be accomplished using
a fluorine generator as previously described. The generator previously described is exemplary of just
one embodiment of an on-site reactor capable of producing F, gas. After reading this specification,
. skilled artisans appreciate that many other alternatives may be used.
A distribution system may be coupled to the fluorine generator and operable to distribute the
molecular fluorine to one or more pracess tools. Molecular fluorine may be used with or without a

plasma as an aggressive agent during a semiconductor process or cleaning operation and may be
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control systemto provide status indication of key control paraneters. The
control system physical design can be based on a nodul ar systgymedd ow ng
qui ck change-out of key components for naintenance and breakdown purposes,
ensurin ntime torepair is kept to a mninmm_Th mai n contr ol
system g‘é%wgé&ﬁgused on a single control platform!l oc"é:[Té[ﬁgﬂ 1% or exanpl e,
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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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continuous airflow through an absorbent material and thus avoid premature
degradation of the absorbent material; (4) the ability to preMydecan
on-denmand supply of a process gas under negative pressure; (5) providing

i ndivi-d essors and storage tanks for each pr { , such that a
process ﬁﬁ er negative pressure in a supply Iineqﬁﬁﬁ%g%ﬁﬁ4 be provided
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assoCi @p8tioftptddesttolls O% Estish, gﬁﬁteg&%ﬁ@gﬂugﬁhe%ﬁle}ato? Poch %& pltobﬁe 'lse%nge and

expensi ve secondary cont al nment syst art
el i mi nRIPEE band ¢l ypth gelepular Aygring for gletning d@@smqh@ﬂyrm‘ toghri@ﬁamd tQjSand usi ng

-0N- si t Ehe@RBEHHAYR perfori®d tREkbRach Jubéﬁ@(e'pfb@esseh&a@ﬁﬁnﬁ%%ﬂgmhi Fe on-site
generatlon f . ol cular fluorine can be acconpli shed using a uorine
gener a¥GPY Her YA ousl y described. The generator previously descrl bed is

exenpl ary Mbltijpdst distrionn #0006 RNLrIRE bedduMi-16h thed Hreasd ua[ri 16BRAP kS
|| ed artl sans

pr oduci a dj t hi pecj fication,

appr eci g?depf%gsf%ﬁg%f %L{)ﬁiﬁ‘ *’P‘%FEH&?]%Q/@ Sapheserslly epopggted RRﬂ?@%Sr“?"butl on system
may belGdBupl ed to the fluorine generator and oper able to distribute the

mol ecul ar £ 1 r cess t 0ol Mol ecul ar orine may be
used wi 1 eehoptided BB Bhodhich, B BSERE rdy D SN Sen o)

sem cdnmhﬁtnemorﬁrthﬁ@emsomatﬁy 209 mietees fapeeaeitofdm peagts waly cntecBIBST| THITE SHEET
(RULE &6h / eous over
convercakh Gy B i, 9*3%:2@?% e sl Ao TR RN

f | uor c&RFRsgsaerator i Qerpagrbe 0?’@3@@}1@@9@@@Pmng%‘lemtonwommebn}bsathaﬁI uorl ne may be

used iRpeRitak}Sh imRRrs\Honhii Brocds BQ[E Rﬁa{.mﬂ hind2ted & cofhd S£QoReund. Sone
enbodi rents may include using nol ecul ar uor| ne t re uce process tine
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di st riut heg luorine. The system illustrated generally as
1000, cair(] |ng%c¥mgﬁ'g%géslsl?% nol ecul ar fluorine generator 1001 can be
fluidy cdilpllddlvstries apiopess toefihaving dnuntéamated fluprine $0@Rtemrdd distsbwtond di stri buti on
line oJ04 macnakhRed A ifkiskibd pHB&ssr{wl fod lh%ngfall%ﬁ &t’?%% tfﬂlIOHn a fabrication

facility. Distribution lines, illustrated ncl ude
assoc iBeHeEert &b nagpess ol iHystragpd S‘Fflﬁtalll’ #5400, inaldes p miolgoular Anerine gengnatoc ont rol
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first |str|but|on | i ne 1002

Wi t hi e t|o faci For. exanpl e,
may e °5°IH8&}35L°3P ﬁ@apeﬂtgtaﬁ' ?%Wﬁ%?f 1192 1at i5&2uplsA tocp rrepess chamber 1103

~used in fabricating a device, such as a semiconductor device. In one non- limiting embodiment,

system 1100 may be configured as an etch tool capable of etching a substrate using molecular fluorine
~ as part of an etch species. As such, molecular fluorine may react with regions of a substrate to
provide etched locations of the substrate,
In another embodiment, system 1100 may be configured as deposition process tool operable to
deposit a thin layer of materiat (e.g., conductive layer, barrier layer, etc.) on a substrate. ‘As such, F,
- may be introduced during or post deposition of a substrate to remove undesirable contaminants from a
“process chambet associated with system 1100. For example, system 1100 may be operable as a
process tool, and may be configured to use F in the place of, or in addition to, NF;. As such, F» may
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fl ow hazardous materials safely to a reactor (e,g., a plasma generator or a
chanber of a process tool), a system or a process bay. AslisMep20aesirable
guantities of hazardous materials, such as F2, nay be safely distributed

to a pr 9&&&%4(}294“ systemor cell. In one errbodl ment s"(ﬁﬁ%b@m{“ 000 maybe

| ocated " proximal or distal to a plurality of proces at may use
nol ecul ar fluorine. Process tool 1083 may be coupled to on-site fluorine
generator 1001 via first distribution Iine 1002. On-site nol ecul ar
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process bay having a pluralit | TUTE SHEET (RULE 26) 11 May 2006 WO
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Mol eC\fuBfinelet O HhobLEs @ﬁﬂ@ﬁoawgre twﬂa;edmvmmeﬁls gé.el%t%ﬁaﬁ%h or VAR R bay 1012 with
nol eCL%I ar fl orlne for cl’eamn deposi ti on chanbers o tools 1017 and 1018.
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S(raﬂr) i S' ly @mnﬁmﬁm&s@ n{&ﬂﬁ@fbﬁgenb@tﬁig;:nﬂ&éh%mﬂ@h&é&laf‘ﬂlibnhdfﬁiéﬁaﬁ}ﬁatﬁiﬂecl)f ic
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to it sysine opffrd:lbsrtmgateratmndl digtibuitd ryolevaigr ﬂluoﬁﬁaiﬂ&almcaioupmbdsiey of generators
simlar t t erator 1001 may be
conpact a(r?.(l}g L‘%ﬁ% %F"elg&? ?rglg' a%teepjﬁg%e‘bftgtt? %%TC?B fn'ﬁéfe'ﬁéa g‘éogucf%an

appr oxiolaguler fpody Wlmasﬂwnwmrdtwppro@sssﬁ"ht wedits géneratahingybeildcateddistginnect ed or
coupl %Fiﬁproilﬂlalqs B%Eesmmaﬁﬁent aJ Jféaﬁ& 91?{}' gﬁ‘)@% boghaégﬁ#bﬁ@prgﬁf%m% pse to any

part icu process t ool i-cal uor i ne gener at or
1001 &REuns 39¢ ernganiratonsef mlqcviaraﬂumwusw awTerrdyteRipessas describ@daboreyr be

dedi c %th@ﬂhfoﬁn@gene?ﬁtiﬂ Ft%cd@ie@ O SxatnPR) an Ofi-si %EI‘R:@?JT 'rrﬁ?int}l)édé davethl BEAGRHAS bay .

Alternativy one orlne gener at or service two or "‘nore
adj ac é%{s “ﬁ‘SG{CQ§ tEplyascell prpgycing e volume Pfém&‘é\*ﬂél‘rfh’?@re At fuchont graupreef thei t hi n a
utili eylishay baﬁﬁe@@%i’ttwde Qeshatild VAR ofh@Yech i uodirde 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 mote 'process tools. For example, a distribution system
may be coupled to plural process tools and operable to fluidly communicate desirable amounts of
molecutar fluorine to one or more of the process tdols. As such, an on-site generator operable to
produce large quantities of F, may distribute the F; to a plurality of process tools operable to be used '
withtn a fabrication facility.
Upon distributing the molecular fluorine to one or more process tools, the method proceeds to
- step 1203 where a process tool uses the molecular fluorine during a fabrication process. In one
embodiment, a process tool which in one instance may be operable to use NF, may be operable to use _
molecular fluorine during processing. For example, a vapor deposition tool may use NF; during a

cleaning step to remove undesirable contaminants during or after deposition of, for example, a
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services. In still another enbodi ment, the fluorine generator 1001 may lie
between and service two adjacent process bays. In still anptRRE 2006

enbodi ment, the fluorine generator 1001 nay be noved from process tool to
process tooI as desired. After reading this speC|f|cat|o skilled artisans
appr eci MRWHEH mny ot her configurations are possi bY@/USEEIY 1
il'lustrates a process tool having an integrated fluorine generation and

distribution system FIG 11 incl udes an illustration a process tool 1100
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accumy 5’?3 o % Br deamlijg ag?a?prf’cc?fﬁsgiglc'?a @Ft"gf glaW!gcgﬁ %Pr"nﬁ)%?el“i‘r}g}"é ne at the

pr ocewybgmbdlﬁidl@pmﬁhmhanbehéabmﬂtmiaham a:fdluubz:elm:s desgredyener at ed el sewhere
within th oces 1100 t hrough
the di st puEREr B ER sty BBl A U B BFORER 48F 1100 my

 f urt heseydosipiemawry ke epsrable & teesive the uw@mmémczcleehabwmmumwmw and

repl enbilinbdie \mknﬁﬁ%’ﬂ? ?{) rniakz'ﬂ@fehn%d Bd thcefaﬁ%?r bdbedd &jﬁiséuﬂs%ﬂlo{ntgﬁ(o%%ssmg G 12

illustrates a_net enerating Stributin fluorine for
a fabrk The reeyclsd F2 may then be used In association w1th a distribution system operable to distribute F, for

a fabrication process. .

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

_reactant to form a fluorine-containing compound (block 1302). Referring to FIG. 1, HF, which can be
a fluorine-containing reactant can be decomposed within either or both of the electrolytic cells 14,

~ The decompositioﬁ produces H; gas and F gas, which is a fluorine-containing compound, The
process ¢can further comprise flowing the fluorine-containing compound (F gas) to a process tool
{block 1322), The process tool can comprise a ¢chamber, in which the F, gaé may beused ina

reaction within the chamber. The process can further comprise using the fluorine-containing
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process: The method nmay be used in association with the systemillustrated
in FIG 1 or other systens operable to generate and di strifuayoedecul ar
fluorine for fabrication processes. The nethod begi ns general ly at step
1200. 01, an on-site generator produces r. fluorine
utili zmé)sotﬁﬁ’%%%rl ne generation process. The on-site iﬁ%ﬁ%{%ﬁz may be

| ocated distal or proxinmal to prog&ss equi pnent as a faC| lity may all ow
for, and may operabl e to produce v iable anounts and concentrations of

nol ec ectral descri e or

ot hor “Pftcapt #3fe)R g#z‘*ﬂ‘@f’aﬁ‘ﬁ* YE BB B CBERS e e oriio GRer a or
i ncl ugubssete within t @mer@FW an hetharbegby nneaogmﬁtrebtﬂmtdnhwmsmﬁlalongr oduci ng a
vol ung,0f o gil-LEhRE mglhé{%dhﬁﬁ’oeré% §6b§lpate I‘aﬁﬁerocfe @ﬁbﬁs@eﬁdstcﬁ% s, )l s may be
used to provi de desirabl e vol urmes of ecul af uorine t or nore
pr oc e 4ol¢cylgr %umw@ﬁb@é?fé‘rfaztrﬁwrtgﬁ@cmoewmapr métakseritaveing mawahémomod pr oceeds

step li?eQﬂaders@chtamelsemcb%talsdm&mrsihbﬁésea%dma%km| ecul ar fluorine to one or
nor e proceiér toobg For e distribution system nay be coupled to

pl ur al Jé inelydesa prgess ﬁ%m%%?% BProfess sPpr odiGAi Hawexergendike abl e anount s
of rrml[cequj HIG. 14 difterhif)@estti e ef 2 @lasil e Piocekd 1on MEIGARSredc@Y25d 1d$ Such, an

on-site n ablet r od | ar ge. q tities of F2 may
di stri® %‘&8’2" F‘%@b@ﬁldﬁgﬁ ¥ IeHi W% f@’?‘*’gﬁ%&'@%ﬂ SCPBE’I" cr SYRFisinE geneigtinge” used
W t hi r flaodrekzpitaining plasnfa&omlthetfbaonddgmﬁﬂﬂaldmﬂdﬁiphmﬁi(tn@:ktlhﬂ) Mk @Rsthadhayf | UOrine to

L hod d 1203 wh
one b TR RGN AR e AR g PR Rl o 2 1o
one eadboE(FTBFuF:, ,prwgssbntaboﬂthtwtnﬁ;h in one instance may be operable to
use NF3 n ocessin For
exanpl o, ”Br){e @gsgiraﬁ’@gﬁ%eﬁ%r%tgdn\%t?@l Jﬁ?&&?wtﬁ’é H{f}fgéé? o &%uts#de bt &gglh § ot eg ‘o
rermv@elhmegpham mn&mwmm?mmestedibntwwgtlmdw@bmten lmb@mpetclf'mmr@és,s for exanpl e,
a SUBK: g.hﬁg;q_ 5 " 2437912 - 27
Conduc V2t By ey Bt el o e Bl o B e
desi rame@t%ﬁ’éhhftpaﬁpfm‘ﬁﬁ*}cb@m@PPFF’?%P?’ne W|th| n a process tool's process
chanber dgpé ﬁl‘gce@srca@fu}tﬁ‘d'r caﬁﬂﬁlﬁ% ﬁsmg%@u&melamtmh.ﬂg PSR w.tmnﬁmﬁatn{b@hﬁ“ For

exanple, a S|ngle wafer th process to may include a reaction
chanbde toal (hlack 1#64). {The Hléqseg-mﬂtaalutgm aﬁm% ﬁ“?YrHBG?FdéP BIBE Fimlas to thesesyuch,

cont ameﬂﬂﬁﬂlﬁdeﬁdrmm vAthbRick €34 nﬂfIGSﬂE{@g?@chlr@%@ﬁﬁdt@te%qm% ddag deposi ti on
proces % bﬁ% rggl dual within the reaction chanber ecular fluorine may
then BRPRErBHSLED i nto the reaction chanber to clean or renove

cont am nait sothkrt embediting thelpeaest m@;nfuﬁlihaﬁdm@hse(re;ygmg thsahbsed mélevadk er, etc.) As

h t. th thin fil whi |
o ovi SRR SRS L BRPA AR Se PR B B Rt s e *r eact  on
c hanmbexcydiothe motesubin fluasine gag bsbﬂu@nWarpqdaoﬂmnam@.mﬁ@ohe muiachlarzﬂumjndgae F2 gas,
- the MERDRLCRERAGRAR: hilecih Moy M0RL G I SuBLAPHENTS. Tl Ly mRANET,

this rication process advantageously ufl
gener awokeeklarfyorificatay bousedinl asseniption with a gistributieredystenoto retiust thd antoontaf pavocess t ool
Operamoﬁcmfm{,ﬁrle dprdaficed bnO AEaSHROAITAL pid e Method may be modifTed to

use an accunu r ‘associate process tool for storing the
di stributed F2. As such, an on- iswemplgener at or may produce fluorine and

Plasma etch example

An aluminum-containing layer can be formed to a thickness of approxitmately 800 nm. After
subsequent patterning, bond pads having areal dimensions of 15 microns by 15 microns, nominally,
'may be formed. ' A passivation layer may be formed over the bond pads and have a thickness of
approximately 900 nm. The passivation layer may comprisé approximately 200 nm of silicon oxide
and approximately 700 nm of silicon nitride. One or both of the silicon oxide and silicon nitride
~ layers may be formed using plasma-enhanced chemical vapor deposition.
A ﬁattemed photoresist layer can be formed over the passivation layer, In one non-limiting

embodiment, the photoresist layer may be JSR positive photoresist material available from JSR
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di stribute nolecular fluorine to an accunul ator associated with a process
tool. The nethod may also nonitor an accunul ator for certaiimvupbooe | evels
and replenish the I evel of nolecular fluorine stored wthin the

accumul at o n the accumul ator depleting to a level_. |n another

enbodi ng‘;rﬂ(,%m?‘ﬁg“ met hod may be nodified to purge a chdfer" %4 YEci at ed with
the process tool of undesirable reggidual gas and subsequent processing,
For exanple, a process tool may introduce F2 into a chanber in addition to
ot her § 3 LRA i nglggd' i T hanber may then be
pur geﬁgﬁ%dﬁpﬁ’?a@na@ﬁr%@%ﬁﬁ o%ngfg&ég%@{éqﬁr'gg&g@g%&mgS&such, t he net hod
may beompaefopedsover furgw radschanber, fabricate a device, and utilize F2 as
desired. |yhe 3RQLIHRH la9srRRHe RRA with A8 cBREE ko si&ﬁcsm@sﬁgﬁ?ca%nf.ecyC' e the

used F2 gas,,K As such, a recycle systemnmay_ be operabl e to receive the used
F2 andetF”gEWF K Reln iflporogyathane () fradn (Mv@ﬁﬁ%@f heéﬁﬁ‘f’m(ﬁ%htbbtwqt Hien the F2
gas My nR@hdve BaRH Bdvioie) defardddt INBIALRG SnERbARFWARE 1hs sBFRAMEHA: pifcecessi ng.  The
recycltﬁg F% m%g ngn clbe used in asisg%atl on WILh a distribution system
oper abiPé R cae PyrioppRdde xpose fiie bond g CRlEsg ey Potoreed withip el Avpligd ang 14

i ncl udesteralsvixre esmd foobDivsrelilieEdMBterthls] BiE o ShnfiT1Ra, (CAMB . TREGHnag beret hods i n

accordance.w th, ot her. enbodi nents, Th t hods be. us in association
o R W o PP (b Seetair S B R P PR P Re pr oceos
can cdpyusomee ndiaftquagy aovwdr ubapprogimeielyaiatd a1 g source adiodrehueney df 93,56 a

fl uoringscont al ni C ) lock . 1 Referri to.Fl , HF, which
can bﬁ%% Ph@ﬁ“h%@%%ﬁ?%ﬁxﬁggﬂgr&g%@ céoﬁ?u%?z:tgﬁe t%lgpc%éué%o Bpsr%x(’jm"\ﬁ% I'n either or
bot h dkgrtds€elsivgend @) antoxygen 86w wtelof appTdxanathicifip saiderd ovbiqrethetepeH2 gas and F2
gas, %lﬁ? SLC%}.a fl uori ne-contai ni ng conpound. The process can further
conpri se ﬁovm ng the fluorine-containing conpound (F2 gas) to a process
tool (bl duKking B otyh oppraonpyiakwls may brobrmed plongdhgnidewellsaf tha band@ads andh whi ch t he

F2 ga i | Wl T r.Qeess can
furt hi?ﬁ?%‘r%%?f‘gi"?%é‘?’ ﬂ’b&%yﬁ{gﬁ?ﬁ%%ﬁe%%ﬁhﬁwn?ﬁ%BSUB gﬁ‘l"ﬁﬁ%"%ﬁ%& (RULE 26)

11 May2RuoEippg ey hesmiranductey wksyptesgygh inpgsisnyridenaerippingseleenpr ocess t ool

( bl oCkoshadhe mohbeiiaRAarhihdbvhildbl 18 X6 cBSA shiehtESpedalg Ahe SRR DAGsitisRd to etch a
substrage within the c artruber o] clean_the chanber by renoving materi al

h h r .t DV |
that 824 5 CavngiemmRgrtuciaer EK @ g i Testpologe - of ey e, CAdomRhnber (e.qg.,
subst rs@dpperhandl er, deposition shields, clanps, etc.). Mlecular fluorine
can be useful for renoving silicon-containing or netal-containing materials
from the chanber, such as dielectrics, netals, nmetal silicides, and the
like. FIG 14 includes a [peeraedsniht mocesi eagnpdn f or a process simlar to FIG
13. Howev | i K Fl 1 F 14.c0 Bl at he .u of a plasma. The
process cgli;]a Pﬁrgls%eﬁé%cf’ﬁénﬁaggg cf”sﬁ’gacég‘ohﬁpafbﬁ:’&?\/&gcg@ ‘g“f%f ge(?ﬁséts %%62 and 1322) as
previ eemdvyd tedeiiobediintoBlaprcpode demed ap., theivacings deporitpnickimber. Ghnerating a
fluorijnes A ripe- i ni (bl ock
1462). ﬁ’e?g%@é P eibn o5 ST ¢ Bl oHOb R R L Ao SRR L7 0% or m
neut r almetd] gideidenetc.) ardlicdile. SThe Bys camber sxaited to formapldsme withinthe clalbery F', F2', F2',

Or anye b pdilinnahd .tlmﬁx%gfoﬁtside-rth@%hgh@c?,ri%@ﬁ@ﬁﬁa 06 196 hehatbelify N @ chanber
.of the process tool or outside the chanmber. In
conventional downstream plasma process. The plasma or neutral radicals generated from the plasma

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

rate of the gas (or gases), temperature and pressure conditions within the vacuum deposition chamber
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the latter, a plasnma generator may be connected between the distribution

| ines and specific process tool where the fluorine-containilngapbé®ma is to
be provided. In one specific enmbodinent, the plasma generator may be part
of or attached to the process tool. The process can further conprising

usi ng t eocp(og 1 ne-contai ning plasma within the chanfé™6#**tHe tool (bl ock
1464). The fl uorine-containing pl ag may be used in nmanners simlar to
those previously described with bl gak 1342 in FIG 13 (e g., etching

SUDS 12 b RS opfoh BARNE SRR e OB BAGREES Blp Bt bk B b B BL e

enbodi ren risere &d nol ecul ar
f | uor iguantigess depﬁtstsstmbﬂ”remwed,@weaﬁ%lygmerfac@qmtlf@hm)comwonﬁ@agmg t he unused

- ol ec%ﬂﬁ bley&fdnﬂé‘d 3%k Jtﬁﬁ.é%l ﬁeahiﬂ& g8 l?f‘e%éd%f reHo%%é osﬂé‘sr iU:ﬁh t hat

unwant am nants wt uori ne e renpved and

t he nOFEEIsPAAMELETH e isHi ornin/United $latasRatenty: 5,§%éﬁ‘§bw@")p\ﬂn@em| ng. The

recycliglr Omhg%h@zreffgra@gl ne may be used in association wi.th a distribution
systemto reduce_ the amount of new nolecular fluorine gas produced by the

el ect r ol ytl eneiep-figiting embpdippery, tupgstepggyp deposites) W Sifer cbareer. anddiarebean

al um ngdR6 Rt e ﬂggsteaytafdemns daehe e dhallsQndintealleRES SheQRhanfeR ri@x | Mat el y 800
nm After subsegf ﬂ“@ ER)a,tte ]|n bond ads havi ng areal dinensions of 15
% fily

mi cr ofg™MBybeasnsrat Whe‘?r'&?/ %“ef‘ﬂ?ﬁ’?ﬁﬂon %KYassi vation | ayer may
be formed Taeig tb hedhmﬂdomdlsmamnicdnam&r antbB intsdie &Nt the vata@h Mposiidnel y 900 nm

The passi,va Yy _CO r e f silicon oxide
and aﬁB‘?’B@ﬁ M?C?’%géoop%ﬁp%fa §|aYai' eb&%‘@ ?ph@&atf%észgf Bﬁ%ﬁ%mﬂ?ﬂ e silicon
oxi de bamehtailtdmpmafessrtbrhpelrmiea oflappyretimateing’she Aﬁnrmdermmangc-plc&sﬁmmmhanced

chem or de 1.0 hot LS be fornmed over
Che padierRRramSRRTRRY gt 8o Ape P B BB B REi RO, o ot o

| ayer wafey omée bgRr pl@‘s; ttuigeten quh b¢ @p@gwsnmmmnsum W&\naa figizee from JSR
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Compartp SRR, S e ipteedr K OGNS et e

pat t erchabepingt terpurgedand paopeg (Ab/To pungs)n dh ewtlohﬁmm}’@awseatﬁmﬂpasm vation
| ayer , Pﬁgmggte@tzgggggn\maﬁgMr&ggg&pnt gas conposition corrprl sing F2, carbon

tetrafluorid ., trifluoromethane (CHF3), argon (Ax), and sul fur

hexaf | uor ifder @sﬂﬂ@ymﬂ%‘%cf@mﬁr mpY e clepned fespmpiefhe dseasis tbﬁt BAYE BULPR gener at ed at
“the f abrhghd r@d@sshgq;lf Ik b feAMTBE @epbmn ShaBErdeh behedtldh REmMPLAGBof The etch can
be perforne pose tog 2306 &a% The pl a %dnla may pe formed within an
Appl i SRPTONEREh HH G asm e oL aroes AR TS A By Persedine. of Santa
C ar a,préteth d Wefervhack wher wafefilwoliyiolkRlly efiey dtithtdfaitoh freces! | owl ng
condi ti ons fyc?z_ r && ure of I‘QXI 4 150, mtorr; (2)
= s oureBRppihk plessiig b Rer rope it B ube (BBoR e8| et 8 co 1 adi o
f r equdne\presdureldd afyoxitvitkly 100 neorr. Wﬂlalstmxtan e foineed fpmulerP), zas( B)m@ afesti conduct or
substr re of E) d (4) an
oxygeﬁgﬂggévﬁ{r;g;%anm process glgﬁlggrl? %él% é %?Qtal %Cfagapg IOB mOEBe/ dej w%t %rl’ S per

-approximately 230 seconds Dunng a first poruon of the cleaning process, the plasma power may be

maintained at approximately 200 watts for approximately 220 seconds. After two purge/pump cycles

(each cycle including approximately 30 seconds of Ax/N./H, purge, and approximately three seconds

of pumping (evacuating), the chamber has been clean. At this time, the deposition procedure 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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m nute (sccm. During the etch operation, via veils may be formed al ong the
sidewal | s of the bond pads and may include a fluorocarbon poMygeood esi due
that may or may not include alumnum The via veils can be stripped from
t he sem conductor substrates through imrersion within a stripping sol vent
conpr i sVt hanol ani ne avail abl e as ACT (from ASKITARESPECi al ty

Chem cal Division of Ashland, Inc, or Covington, Kentucky) or EKC (from
EKC Technol ogy I nc. of Hayvvard CaP 1t or ni a) stri pper Pl asma cl eani ng

process exampl e .ln as capabl e of
reacting w %ﬂéd‘ﬁﬁ%%?ff&g ‘F‘go tsf’g‘ﬁ'ﬁ%h”adﬁéglpﬁtg r8(}\é‘§g HE%Epace to be
cl eaneihribatian of a pioeesygc is tit dlepasprovidaredundaniyeocess Bisgenaigipoellt smdmay be a

et ol BBt s T e one BBl v SR, HaP R bR 0 2 RO L
to f orfarhnaatph acooras virofsiniechtical nblades e sblity (o howte@roness pitgenehtiorbastem | 1 or med

out si de, L4y QEH%F cabinBGaRh AodB SRRlst by RW ¢ %o;aQ%ntan&ﬁmfow@o aft

I % i
convent i on ownst ream pl asma process. The plasma or neutral radicals
gener abaemdnt fypfemls abspibeng materidan react with the deposits on the exposed

~surfaces Wilihdhet Renfch3BRAGge ome eHBRrRHR bﬂx@ﬂethda ahd\§st6th fd bAlGitePT OCESS
typically is a gaseous_source of gaseous ~source may include

F2, Negeragppand dpibutoppfa bRz e Sh e FGY @@fﬂwdsrm rsmpndisepplyefdi t i onal |y,

chi or |1 Groce R FAAntMr AEbae pRisfRd. mm%ammmmm&%%smm@&ms ﬁmudésn a
revi ousl ﬁ&a ‘ﬁn generated at

non-1im eci fic enbodi nent av
Che. 1 AR B RSP PO EHE 0K DEPRMIPFS PhRh o e, | Noar |y
2 Ey . Tgﬁcb% r@asﬁgnb?egﬁov@ﬁ& £3 poethe ptehmd td the prbaesrtmwagmaﬂhcesms Alpplo higsra teLne)l Fyﬁg

¥ : i
can aI“E‘i)Er B G R HE "‘J\ﬁﬁ ?‘{’I}B“tfﬁ%ﬁ'ﬁfﬁg g"ﬁ? &ttﬁc g’%%dflme“gsa%%“ges pﬁ\?‘t"g’}g % eading this
speci fnobilé, icampaciskd éelfemtamdﬂls&amyamammqnabbtanﬁir hetetdaus hinuidsngsoeimedippr opr i at e

fl ow gases), tenperature and pressure conditions
wi thi n @ﬁé’“’\?gasééﬂf‘%‘%g%‘%‘é@[u on chamber SUBSTI TUTE SHEET (RULE 26) 11 May 2006

WO 03/ 046 Férat REST 580 (h8 FOHRlimeB B, agechuirdh advaniype aelules ptoaidinggsdfnt o account t he
vol u er%t-attlﬂ? %ﬁ%lsfr{b%gngﬁ'temgtqﬁpa?&hg ﬁatﬁaﬁ shé@d apl%ot C%EPH&QCI&: tﬁ?ﬁxgh&luant ity of

deposi renove potentia actors esired, a

conv eritchuierd pdvprizgg m@desaemg melgoulieflypspg QﬁP ﬁ@dab&fwwnwah@ fern reaviesses that cl eani ng
gases ! foibsffnlsfnd enove the dep05| ts. Typical process parameters are set
forth in United States Patent . 5,207,836 ("Chang"), which is

i ncor por atSH appdheptephnisy! aF‘@f’*é%?ﬁ’:”éles Freyidingen ArssiteupRne Bengraion bl MBht , t ungst en

nmay  beye RMESHrb:Eflal\Midid) biinSerStEPadR @drt ofaDEbedsdngBHN. W& andiep BctinRall €MOVeE t he
tungsten that de 05|£[s on the interior arts_ of the

chanbdfvantpggmne ‘I‘ﬁﬁ ‘E)%“ﬁ'é‘}?@’idél'f‘%’d’“ﬁf“ P?Fg%lﬂé%??a]gﬁf"f%?’i’ﬁ'fcgﬁﬁt SFS\%er e the
t ungstranA @gipfaghek t teamoamvm&ge idhidas psrgwdwg 4 fherigtajpaibutidnystepouptiablato a silicon

_waf er ¢ ntr uce N vac dep03| tion chanber of a Precision
5000 fﬁﬁﬁ’ﬁgﬂ’ qﬁ\gq}q% éd Materials, Inc.. The chanber can
An example may provlde a better llllustratlon of some of the advantages In that example, a
process tool having a diffusion furnace tube is to be cleaned. Molecular fluorine ¢an be produced on-
site at a fabrication facility, thereby obviating the need to transport gas cylinders from a chemical
plant, If gas cylinders would be used the gas cyfinders could become damaged or other fail to contain
the gas, a large amount of gas may be released into the atmosphere and cause significant damage.
Also, some materials, such as molecular fluorine, may have a limited shelf life. By producing the
molecular fluorine on-site, the transportation hazards are avoided.
Further, molecular fluorine may be produced in smaller amounts or on an as-desired basis.
Should there be an accidental release of molecular fluorine, it will be a relatively smaller amount
compared to a gas cylinder, and the exhaust system of the fabrication facility may be better suited to
handle the smaller amounts. Therefore, embodiments can be used for a safe generationand

distribution system for hazardous materials, such as molecular fiuorine.
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be heated to a process tenperature of approximtely 475C. After
conventional pre-nucleation with tungsten hexafluoride (WB)Mapgdog | ane
(Si4), chanber purge pressurization and stabilization of the wafer on the
heat er ate, tungsten can be deposited carried out using W6 at a flow
rate apSY‘b@?(“f‘r@t“bl y 95 sccmat a pressure of approxi m@IYPOBYeon. After
renmovi ng the wafer, the chanber nay be purged and punped (Ar/Nz/H2 purge).
The deposition process nmay be rep€ated until approximtely 25 silicon

waf ers are ed. After .the t he chanber e cleaned to
renove théd g‘@ EYtt gprsspor @\P@pﬂﬁgf %BOVG@E?WWQWPSH@Y [YRECES yr’lgc“Bf t he waf er.
The d&ﬁlﬂ? by tonnlrmmmlfromamcdssetoblaapmtsitoolaEipemmelpmtrmmg f(ﬁ)ﬁazaﬁmal’ oxi mately
475C u be inserted
Co. priienls MY b, AloReREPE of APeRo Brth S blofio WR et g "t e
deposifacili;m process. Concurrently or subsequently, F2 can be introduced

into the of

approx| nat gl e Ausite fieflom o (RSB R RAREI IR g
first of @m@esmplo&ctl ﬁ@u!ullltéaﬂnwsgor&gm@gsto be fpecififabiy sraptpbindhc smsﬁc be mai nt ai ned
at apgg&%mh&{,wa@@&%yg@&gﬁmﬁ@r approxi mately 230 seconds. During a first
portion o e cl eani né;c F‘)rocess t he El asma_power maybe maintained at
appr oxi nadethy fopgeingrpeqilication the puentian hra pen gesoribed willeisfrsace tnsnedfic t wo pur ge/ punp

cycl egmbddiadqmbs. BEbRr, bmlfuﬂm&g sﬂn BY iRedriBpprediates A0t wEeRMebAifediofy b2/ H2 pur ge,
and approxi mately three seco evacuatin t he chanber has

of punpin
been EhaBggs cange “Ealdﬁ withopt feparting o lﬂfcf'é?pﬁiof) H%B‘éé‘ﬁﬁ‘i“@“ tgt)B‘@‘ mn lﬂlﬁpeat ed. The
chanmbgrinklveRM AtcormslyDRe ﬂﬁelﬁ@hmd Bigiryveeo batbgtdeaings illveiraive raaaerl i con

f bet | ot trate | t The ti mi
of 1 niehp BSHFG S “thal B s n@ie B of Raoeqh PRI BEposi f oa and

i ts 't lptesdnb@deamtionl he systens and net hods previ ously descrl bed can provide

advant ages, over ention 4 gabl e many
i 1 or ont PR Y67 P A PSR AE TR St AR S B Bucacy i ped
with lsmqﬁeembdduneawbﬁdwmmthsb@nﬁts adentpgss, smutwbetowmhbms,mecblanaslemam(s) ng portions

of th # | features
of t e FSRaPiean Vel dgiHFefFE RIS beop sl By B SRR, 3%

PCT/ UsSotr@A%d Rcritigdl, required; prrasssatial fefug ot ekyesnof amalbﬂib@ielmﬁent s of the nethod
and system for on-site generation and distribution of a process gas is
that they can provide redundant process gas generation cells and

contam nant traps, such that at |east one of each can be operating at any
given tine to supply a fabrication process. Another technical includes the
ability to house a process gas generation system in a conpact generator
cabi net having a dual exhaust systemto avoid continuous airflow through an
abat enent system s absorbent material. Still another technical advantage of
t he enbodi nents of the nmethod and systemfor on-site generation and

di stribution of a process gas includes the ability to provi de an on-denand
~supply of the process gas under negative pressure. A further technical
advant age of the enbodi nents i ncl udes
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the ability to provide individual conpressors and storage tanks for each
process tool, such that the process gas can be provided atllamapgoca ve
pressure to the process tool with the process gas supply line under
negative pressure. Yet another technical advantage of the enbodi ments

i ncl udeé"‘g?%\?@d‘f ng a nobile, conpact and sel f - cont ai¥@@S8¥ESRdar y

contai nnent system for hazardous I|qU| ds associated wth a process gas
generation cell. For at |east son¥ 33f the enbodiments, a technical

advant age i ncludes providing a sgig gener ation and d| stribution system for
hazardous materials such as nole fluoride. A further technical
advantla@&syitmfoud@ﬁnmi;Mﬁmbzeﬁlalgasrﬂowddmpﬂ:m at a desirable concentration

for process t e, .ol ecul St i anot her  t echni cal

advant age f‘ﬁ&sf%ﬁgg" %’P@?ﬁ BREY Sg’ﬁg'(%'ﬁe’s‘ :ﬁfrem?l?e%sﬁ“??ey l@?ﬁ%’fdéﬁt%qw%?'eﬁ; may be

| ocat ed pr axacomilPIFmﬁpscb@lledmthegasa;pp@heﬂn@sralielmalretﬁranFaramlamtesm ng tool. Yet
anot her teg v.an I onduc process
operable to exéfgﬂew esl Bﬁgal%lew ar a g?‘ir"gr Ilnglseq% ﬁF%ﬂpn%o esfm?(fﬁ#urther

t echnitepit thechpevmmenagof # predeticpdsvant. ovi di ng a fluorine distribution system
operable to d| stribute nolecular fluorine to a plurality of process tools.
An exanpl e I’OVI de a better illustration of sonme of the advantages. In
that @xans yétema clﬂmdeekeswﬂbmasrlla\wmnépsm ffusion furnace tube is to be

cl eaned. M RaiMrduorddeUali Nne can be produced on- site at a fabrication
facility, thereby ObVI ating the need to transport gas cylinders froma
chemical  Breafydrogep flyer@e.cyl i nders woul d be used the gas cylinders coul d
becone danaged or other fail to contain the gas, a large anount of gas may

be reIe ed int her e .and cause si fica damage. . Al so, sone
et o1 PalRs ST A PRt B R PRl SHATE et Do SRR | | (e, oy
pr odu g PF teto tmh@ﬁwrmfrap‘xbmwmeﬂemmamq;promﬁtetyrsame@.rtati on hazards are
avoi ded. Further, nolecular fluorine may be produced in smaller anounts or
on an as-desired basis. Should there be an accidental release of nol ecular
f | uor i4n@&he systemivf dlaitlnd, fariicebomtpiisia:y snal | er anmount conpared to a gas

Clitod to SRR, Bat EEho! B Us A R g BRI ER L e used

for aashfe generation and distribution system for hazar dous material s,

ng 8423420 %’%%&{Jsofgf&ﬁg e'ra% g?? t onaﬁﬁgﬁ@g@ﬁé‘r@"&% Jsgéayﬁal eoggr :Agbl e

and m¥é®d from process bay to process bay, from wutility bay to utility
bay, or from process tool to process tool. Expensive plunbing for hazardous
materi_al s may be reduced Al so, the nunber of generators can be better

tail oﬁeah?%’“?’h@f i1 fghep pompriging qng ef mare {juoring,gengrptiogicells, \YhsremdbA Qe f | uori ne

gener af fbre Madind QerleAGE RNk 42 AUHIETED the BsShpply: 1ind bnd WHeRBRALoagre part of a
process tool. Such fl ex&et%el [ ta all ows configurations to be specifically

adapt °"f“83?"r‘i@“%‘b?§ﬂ?1?rf"8 2T Y®S of a particular fabrication facility. In

the foregoing specification, the invention has been described wth
refer % rhe s:[ysoten§ bf: c(iz{ir];]ll?ﬁlrther comprising;

a gas output line coupled to the first HF trap and the second HF trap; and

an output filter coupled to the gas output line.

7. The system of claim 6, further comprising:

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

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

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

. 8. The system of claim 1, further comprising:
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enbodi nents. However, one of ordinary skill in the art appreciates that
various nodifications and changes can be nmade w thout deparitiMag2docom t he
scope of the present invention as set forth in the clains bel ow

Accordi n Iq\;, the specification and figures are to be regarded in an

il Iustréﬁ% Q124 her than a restrictive sense, and alRCTE§eB™W3di fi cati ons
are intended to be included within the scope of present invention.
Benefits, other advantages, and sof}ftions to probl ems have been descri bed
above with regard to ecj fic enbodi nents. However, the benefits,

S [ 1 ;
advant ages  1&BPigIspEs Ruffer E‘“‘b’l“@ﬂldéﬂ’ﬁ'?‘“"éﬁa"“a‘m}‘ te futElheg ynd therpggonddl cause any
benef ittap; dvant age, or solution to occur or becone nore pronounced are not
to be construed as g.critical. required, or sential f ure or el ement
of any or APmpRodn dyif ol wiianddmberem i 1og pese Ridler m8oe o
03/ 04 62hkdeirRGH ¢ dufpE:2doBis 9fPable3@coBipresiVEas frdm tha Iy mtseure tidfer et | NUOUS
purification of a gas flow conprising: a first HF trap coupled to a gas

supply line, wherein the gas supply line conducts the gas flow, a second
- HF t r &b Acoethddeldr puoifsingdlugring ssseppprisingi ne in parallel to the first HF trap;

and a sw tg%@g%ﬁgﬁﬁg&aﬁm@&%@ggﬁg switch gas flow fromthe first HF

trap to th ond. rap at the occurrence of a predefined event. 2. The
syst em of dtgimiving if the St raptivapgrsimiicsetwetadaides:  nol ecul ar fl uorine; and

trace hydr @@gomfokiHOkdy MietenineiiGbeSyorb k@ sildldn 1, wherein the switching
mechanismis operable to swtch gas flowfromthe first HF trap to the

second HF trap Wwhishing fe flpering gasflew te agpndly HigpPoxi mat el y saturated. 4. The

system of cl ai Myegencfatifid thfirstF@pini Ng: a first manifold operable to direct
t he gas flowfron]t,he ?&sg%l%%ly line to the first HF trap; and a second
mani f ol d oper abF@12is i firg e gas flow fromthe gas supply line to the
second HF trap. 5. The systemof claim1, further conprising one or nore

o ST et SIS AT B BB B o "

f | uor ithestgénefvatinecarapcel | s provide the gas flow. 6. The systemof claim1,
further conprising; a gas output line coupled to the first HF trap and the
second HF trap; and an output filter coupled to the gas output line. 7.
The syldt Brmgthod bfdlaim 8, whergint thesstep oOreganerstingghe fist HBwvaproepsses:e buf fer tank in

fluid commypiscati pLD. tlde first HFE trap and the second HF trap, wherein
the | ow pressu?e g%%%ribf ank is | ocated downstream of the output filter;
“and - purging the first HF trap with nitrogen.

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

levels in the cabinet housing exceed a preset level.
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a conpressor in fluid comunication with and downstream of the | ow pressure
buffer tank, wherein the conpressor is operable to conpresH gag2606om t he

| ow pressure buffer tank. 8. The systemof claim1, further conprising:
SUBSTI TUTE SHEET (RULE 26) 11 May 2006 WO 03/ 046244 PCT/US02/ 37912 -34 a

| ow pr eSUBOIGBk fer tank in fluid comunication withBRREHPIIER HF trap and
the second HF trap; and a conpressor in fluid comunication with and
downst ream of the | ow pressure buf P& tank, wherein the conpressor is
operable to conpress gas fromthe | ow pressure buffer tank. 9. A nethod for
purifying fluorine gas conprising: directing a fluorine gas flowto a
first 1BFThemtess@ad gendnatericagnet &f clabe 17, wh&in HE ethb@pPehebdopprivss Mugl Y sSat ur at ed;
and if th Lel uorine trap is determned to be approxinmately saturated:

swi t cKTHRIEHE™ | uorine gas flow to a standby HFE trap; regenerating the
first HF trap; and replacing the first HF trap. 10 The nethod of claim9,

furt her, ISl i | = LI in _standb d elative to

t he. st?l g'nﬁeip% (gﬁe%g?%ﬁgér?r é’%.gm&‘iﬁllaw‘e[%{" %{‘g‘(’j&gﬁ Eoclflln%feﬁﬁoﬁl,s °B%%’?%F %u[ he step of

r egendipsh tha grobdsegas genstatoHfE flugrmp legalnip thie sebinet hohshugtokeegd thiipredet lewd. HF trap; and
purging the first HF trap with nitrogen. 12. A process gas generation

cabi net conprising: a cabinet housing enconpassing a process gas generator,
t he hdésTheprocasserraeneronspling ofglaim b whesgin e plsortbenppackedanesalicompliseect air to
the pr.e&fss &ak, generator; a normal output port; and an emergency out put
port; and an exhaust system conprising: an exhaust channel; a normnal
operating channel coupled to the normal output port and the exhaust

channak, The}ocBR piBlend?f@ calidcner BRI herdibint NRYInE BB BMLE isNetaRd AGRITRI  Operati ng
val ve; % ener gency. channel coupled to the energency output port of the
t FI\E‘?G’QF’P?S"P

cabi nétt B Y8& exhaust channel, the emergency channel further
conprising: an energency exhaust valve; and an absorbent packed material;
and a |Jrl]9ri ne sensor

i1 e lhe

| ocat styeam.fromthe nor operating valve, the
1 oy i e TR B S aps R eE o faBR L, PR b o St Db apen t ho
ener gengyiveprEsausitorygltank opdrable teigore prcess gas produced by the process gas generator.

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

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

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

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

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

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

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

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

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

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

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

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

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

PCT/ US02/ 37912 ;36528 5rddd& 388 pllict b btk &l aim 18, wherein
the gas routi ngc (ﬁ%an?gm cc?rrpr Pselgc ab mnﬁn?sg?%ﬁﬁo%& é%%'ﬁlgd gas distribution
system of cl ai npubit the pesitivepresserapioress 998 2ad positive pressure line coupled to
~the a positive pressure storage tank associated with each of the plurality of compressors, each

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

the associated compressor.

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

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

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

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

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

outer container with a liquid-tight seal,
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- conpressor and to the positive pressure storage tank. 23. A gas

di stribution systemconprising: a process gas generator; alpRByR00di ng
mechani sm connected to the process gas generation systenm a negative
pressure storage tank connected to the gas routing nechanism the negative
pressur@“%@ﬂ%ﬁ%ﬁ tank operable to store process gas plGdBE¥HBy the process
gas generator; a negative pressure £|ne coupl ed to the negative pressure
-storage tank; a plurality of conpré sors coupled to the negative pressure

From e @3&?*%@%*8@ Btz Bt ERTR SRR o R St e ocpi e o 9%°

pr odu@ss gandgpaidh téllwaithpr teslguiddighrooeesstapas; and  out put t he p05|t|ve pressure
process gas; and a positive pressure storage tank associated with each of
the plurality of conpressors, each positive pressure storage tank in fluid
- conmuB.cBiei corfaiminerih cartoé claise?§ cludher epmposing elswbsensonopirabledr defert theeach positi ve

press sitive pressure process
§Fe§'en§é spilléd e‘ie%@ﬁytb ﬁ%“?@?f‘%ﬁéﬁ (fcuf?i "%Btclfu?er $oRinB°

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

oper ahb eIﬁeQ:oﬂéxﬁMén@@arttolﬁ Bl2iROR] AubteEcdMpRSHL é‘t‘m-?rc&ﬁ‘@&%d @3BnhPsplkaassoci at ed
tool. 25. A contai nnent can conpri sing: iquid-tight outer container

confl@ﬁﬁﬁﬂﬂ?HW§VﬁﬁEk%dﬁ?ﬁ%ess gas generation cell containing an
el ectrolyte liquid, the I|qU|d tlght out er cont ai ner S|zed to contain the

roce eneration cell eas all the el rolyte liquid inside
!to he pggcﬂé‘s‘m%ﬁg’nﬂ‘éﬁ‘é‘r gf’f”ﬁ‘r?s efem t&lﬁléqn tt"r‘fffr waEET i 3% é‘ co(r:]rpri ses a

mat er is@inlesse to the el ectrolyte I|qU|d, and rolling hardware coupled to
the bottom surface of the liquid fight container. 26. The contai nnent cart
of claim25, further conprising a renovable |lid coupled to the |iquid-tight
out er 3t.oTHearomainment tdn oficlbimdlj faether gindprisie@l . SUBSTI TUTE SHEET ( RULE 26) | |

May 2006 V\Qre%%éﬁﬁq%%élgf)g’y twégl%ﬁl{dscl?ggt]t%ter co%?a n%x7\inth hﬁulﬁ ?l t?% Rnent cart of claim

25, furth e process gas
gener at i onosgir mowispipots to hppdri theproress ggmenmttoe pelbuﬂnrahﬁmmd-txz&oufﬁhe
contalamﬁ& cart of claim?25, further conprising a |l evel sensor operable to
det ect presence of spilled electrolyte liquid within the |iquid tight
“out er cont aield sensar gperabledo dalest the pipRsRRe O‘éwﬂéd @Fctfélywhmﬂé githin the {igg¢- conprising a
sunmp_ gembh@idoR@intrOanahannel spllled electrolyte liquid to the | evel sensor.
30. The contai nnment cart of cla erein the liquid-tight outer

co'nt ai ner P &nmdgenfigef fodh spgls%?l?w@&e Pigyidi@he eve sensor

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

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

delivering the cleaning gas to the process chamber.

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

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

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

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

 35. The method of clanm 34, wherein the remote plasma source is selected from the group cons1stmg

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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3 1. The containnment cart of claim?25, further conprising: a renovable |lid
coupled to the liquid-tight outer container with a |iquid-tigkfaygeed ; one
or nore supports to support the process gas generation cell within the
liquid-tigbt outer container; a level sensor operable to detect the
presenc®¥OPUBH | ed el ectrolyte liquid within the | FGTESHIEMt out er
container; and a sunp configured to the spilled electrolyte liquid to the

| evel sensor. 32. A nethod for cleéﬁtng a process chanber for sem conductor
or flat panel display manufacturing, conprising the steps of: converting a
feed gas to a cleaning gas in a renote |ocation, wherein the feed gas does
not  cI¥edhk hdkodpl dan3g, Wheikr cleainglgad8IF.veri ng the cl eaning gas to the
process chanber. 33. The nethod of claim 32, further conprising the step of
activating the cleaning gas outside the chanber prior to delivering the

cl eani ¥y Tigasethod of tHam37 odess tedhamzeion is3idue bitetectmitsisod of cl ai m 33, wherein
the step of activating is perforned through a neans selected fromthe
-group consisting of a renote plasna source, a heat source, and an

el ect r1% Almeghod ptuaim 35, futhkrecomprisingdhestep of tensferiug thownaiting gastiixure &not e pl asma
SOUT CejpSard c%fég,glqggagg%,hggaggsg&gf&,grﬁast| ng of a mcrowave energy source
and a radi o- requency energy source. 36. The method of claim32, wherein
the feed gas is HF. SUBSTITUTE SHEET (RULE 26) 11 May 2006 WO 03/ 046244
PCT/ US@R1 1486t d vB&aim39, pridis thiBlep ordleeriy (R dlBardidy gamﬁé?ﬂr&egsf&ﬁan%l:rean' ng gas is

F_. 38, The net hod of cI ai m37 \/\herel n the conversion is done by
el ect rigrthes paporising thastepgfiwppieg the fleaning 28 intq 35trpge ik onpr i si ng t he step of
transferrlng the resulting gas mxture to a trap, and the cleaning gas

remain n a S orm. and 0 Th thod of claim39,, prior to the
Cop o EhirBRRE b SR of e e PRirmestintd sCraihipe; SRt 0r ¢ hoy
conpri ®mpgsmg"tﬁe sépem acdvatinghii clegnitif s Gdtederlictangh@sbeldnd deliveriig E dg@ingni t . 41.
The net h%qh aim40, after the step of punping the cleaning gas into a

stor ag%’sunlet(’hmf’urther conprising the step of. activating the cleaning gas
out si de the chanber before delivering the cleaning gas to the chanber. 42.

The malIZh rgefthoﬁ 3%1@;141 h\é@gnrtr A5 Btopa%tléahg s ﬁ%fog%rdig}f?l}ghggwi@ Fe?e%{ea ormed through

a means selecte consi st € plasma source, a
heat sﬁﬁm@egroam@naﬁméb@aemqt@mm@w@ea hegg3ourcpiymd peelegrivalobured. ai m 42, wherein
the renote plasma source is selected fromthe group consisting of a

m crowave enerqy source and a radio-frequency enéergy source. 44. The net hod
of cl &3 nmegnetm%@f daim 42.ydeeiadly repaate plasmpypource dsselectyderomshhgerpepnsisting m 44,

wher ei df atrhi@owdve ety Jold@Snd Srafiio-frequency energy source.
44. The method of claim 39, wherein the feed gas is HF,
45. The method of claim 44, wherein the cleaning gas is Fa.
46. Th_e method of claim 45, wherein the conversion is done by electrolysis.
47. A method for generating and using a fluorine-containing compouﬁd comprising;
reacting a fluorine-containing reactant in a first reactor to form a first fluorine-containing
compound; and
flowing the first fluorine-containing compound to a second reactor, wherein the first and
second reactors are located at a fabrication facility. '
48, The method of claim 47, wherein:

the fluorine-containing reactant comprises HF; and

the first fluorine-containing compound comprises molecular fluorine.
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46. The nmethod of claim45, wherein the conversion is done by el ectrolysis.
47. A method for generating and using a fluorine-contai ni nglickiapQoog
conprising: reacting a fluorine-containing reactant in a first reactor to
forma first fluorine-containing conpound; and fl ow rr(ltg_ the first

f1 uori n&HMRHhi ng conpound to a second reactor, whdidSO¥H&2% i rst and
second reactors are |located at a fa? ication facility. 48. The nethod of
claim47, wherein: the fluorine-contdining reactant conprises HF, and the
first f rine-cont.ali ning _conpound conpri ses nol ecul ar fluorine. SUBSTI TUTE
SHEET (‘h@tﬁ'ﬁ?@}"ﬁf °‘T\’/E{IJ‘I7'Z%B’6‘“V\0 03/ 046244 PCT/ US02/ 37912 -39 49. The et hod
of cl ai m 47thefstreadtor.comiprisesfan eledtrolyéaelipmdconpri ses an el ectrolytic cell; and
a nethod to i - eactor. 50. The nethod of claim47,
wherein thegglgﬁlg%&rcgg s%{}ﬁec%%%{?&g%gsr' an etch chanmber. 51. The net hod of
claim47, wherein the second reactor conprises a deposition chanber. 52.
The meihofQfeaflidl fifh 47, WRRMBAcdohPreRRE Bt S AE UG crhie.N€ onl y process tool
connected to et}ﬁje Hnrlst ’ reagt grechurieng ? \l;l\AE ng. ggc h@ﬁg met hod of claim47,
wherein the second reactor is one of a plurality of process tools coupled

to the st TigtmdiRact Qfim 45,%he£ﬁ%e’§’€€oﬁf’n@acﬂ)ﬁ- coihpRitddl ﬂgposi;idﬁrchet}ﬁq. conpri si ng

generating a fluorine-containing plasma fromthe irst fluorine-containing
conpound, wherein: the second reactor conprises a plasnma generator; and the

et hod 58.UTHeligethod @M inAR SwhEdeid\HeRgofidveactor WaKeiohIg pfoRELs RbItoRGR] BREHL O a
process chapber, 55. The nethod of claim 54, wherein: the nol ecul ar
fluori ﬁeé""te"o‘{'r‘%?gg‘@‘é‘“%i atomc fluorine; the fluorine-containing plasm
conprises neutral fluorine radicals; and the process chanber conprises a

deposi | chamber , .56, The. nethod, of claim47, further conpri-Sing

gener a{s?.ﬁgqeéneﬁ%ggf;?1%@?%0}1{:%1':1%&3:%4 TR S PP aP’r‘i’&aw’f“??rg?essftf’ﬂgcr"l“ﬁg‘{]cont ai ni ng
conpoumtkhe flsieeaton: a process tool conprises the second reactor; and
generating is performed within the second reactor. 57. The nmethod of claim
47, wherein flowing is perforned while a substrate is located within a
chaibef4.oFhetiphod etdain 47 dertherpomprisgig giisratings flvotnecfontginiag pleshig, frow by ei n t he

first andaspnobdhdifRoRbein@ietipcated within approxi mately 200 neters of
each ot her. ’ '
- the second reactor comprises a plasma generator; and

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

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

the process chamber comprises a deposition chamber,

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

generating is performed within the second reactor,

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

chamber of the second reactor,

58. The method of claim 47, wherein the first and second reactors are located within approximately
200 meters of each other.
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The nethod of claim47, wherein the first and second react ofsMay@00®cat ed
wi thin approximately 50 neters of each other. 60. The nethod of claim47,
wherein first reactor is coupled to a plurality qQf process tools for a
pr ocessv{)(g'%fm%zi‘f The nethod of claim47, wherein the ROTSP2578%ct or i s
coupled to a plurality of process tggls for process bays that lie on
opposite sides of a utility bay. 62. The nethod of claim47, further
CONI | SONThdERIdH I/ H7WIREARS £rOAhE sclEM k& i e, Second
reactor_, 63. The n%t hod of claim 47,86\/\her eﬁgﬁ%ﬁﬁi&%t%@ﬁuﬁaéﬁrg%n i ng
conpourtd PETRTSABAPE £ | uori ne. 64. A nmethod for using a first process tool
conprising: placing a first substrate within a chanber of the first process
tool; reagiin l.uorine-confalining reactant in a reactor to form

mol ecu |6§'r ﬁ’ﬁ 'ﬂ%?‘i%r?g?‘a‘a’e‘fﬁe‘ﬁ‘ifei‘“rfﬁ"'afl&“ﬁag%?IF FRUPlEbRRRIUFAliEY T progesiigols foom t he

nol eculpascedshbayor i ne, wherein generating is perfornmed in a plasnma generator
that is |ocated outside the chanber; and flowing the first
fluorine-containing plasm to the chanber while the substrate is in the
chanberb]. Wheandiod of daimt4? rhermindhd firgvdaciyr inccRplpdio b @lupslie) of prottkd BsteRES! y during
at | easioefGayR Blaitte ondonokil o] met hod of claim 64, wherein the
fluori ?i)eo-ccon%ygi ﬁ?r?g rg%’g%%ﬁ“ﬁ@%ﬁ%ﬁﬁ& HF. 66. The nethod of claim 64,
wherein the reactor conprises an electrolytic cell. 67. The nmethod of claim
64, whep et hdiRWol Wit QTR Edmbili O A9, ileNGo:EQ0LAI A Ng gas to
t he chanber. 68, Thzg met hod o%n{)csgg%rbglgg?ﬁl\;&vﬁogi}gtfoﬁi# vécefsl&rsg?qe’ﬁ'ﬁ’c}ﬁeess tool is
one of SEPITGIHi ty of process tools for a process bay, and are the only
process tools coupled to the reactor. 69. The nethod of claim64, wherein
the first_reactor . iis coupled to a plurality of process tools for process
bays t fidy Themarthg 06%%&% Whergindhsdupgiegortining qoypeing is datgmeilopgdE SHEET ( RULE
26) 11 May 2006 WD 03/046244 PCT/ US02/37912 -41- 70. The nethod of claim
64, whepein the.first actor i.s coupled to a plurality of process tools
for a %%r%F@@ﬁf?ﬁ%ngﬁ{mﬁ‘ﬁ‘éﬁﬂﬁqlﬁ‘EfPPrﬁF'g'cl ai m 64, further conprising
recycling t plecifigafatt sétsurnr withir achihlsek of tRofirgafpcabfoslf 1 owi ng.

reacting a fluorine-containing reactant in a reactor to form molecular fluorine;

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

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

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

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

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

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

69. The method of claim 64, wherein the first reactor is coupled to a pld:ality of pracess tools for
process bays that lie on opposite sides of a utility bay. '
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72. The nmethod of claim64, wherein the nolecular fluorine is diatomc
fluorine. 73. A nmethod for using a chanber conprising: fl ol Mgy@gddtecul ar
fluorine to a chanber; and generating a fluorine-containing plasma using

t he nol r. fluorine, wherein generating the fluorine-containing plasm
IS perfgf(ﬁészn“\%“f hin the chanmber. 74. The method of clZiSE P urt her
conprising reacting a quorine-con[gLning reactant in a reactor to form

t he nmol ecul ar fluorine. 75. The method of claim 74, wherein the

fluori pg- il . i 76. .Th t hod of ¢laim 74,

whor el et R s i SR AR, Lhojed 8 gt oo @Bt fod of ol ai m
74, whefosspbaya first process tool conprises the chanber; and the first
process tool is one of a plurality of process tools for a process bay, and
are thg only _pro i@s tools coupled to the reactor. 78. The nethod of claim
74, whél-elhgmethod pfelaim 69, Suthercomprsingsenigling the §irst fusrinteontaining gasrefiert he i r st
react oflowidg.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 nethod of claim 73, wherein flow ng

conpr i §2sThe metkiod of deirs 64, dihekeig @t riolechlitdlusia iRdtomi®Buorikle Nt hod of clai m 73,
further conprising: placing a substrate within the chanber; depositing a
filmover the substrate; and renoving the substrate fromthe chanber after
deposi 73 nymethed for bsingankenibefoomenddgowi ng. SUBSTI TUTE SHEET (RULE 26) 11 May
2006 VKQOS{Qﬁ 4%&55&%&&%&%@3%&1baﬁ%dBt' The method of claim 73, furthgr
conprising: depositing a naterial odver a first plurality of substrates; and
deposi ti ng geheatingtdprine-conpaningplesmg osing td rdiahlat fuoode, ¥hdrsin patensing thwher ei n:

f1 owi nﬂu@mc&%mgamasmgisga&nm&rmﬁrgﬁ ndhfr depositing a material over a
first plurality of substrates an efore depositing the material over a
second plurality of substrates; and flow ng and generating is not perforned

bet weem, ee hedbdsicladh 83, Atha c&inﬁtﬁfng Rhttheh Bhohin@EontaHRgt {fﬁg?‘?ﬁa 1;3 oG Aeh

substrg%g in the second plurality of suUbstrates. 37, od of claim
73, whirB s molsgulprdluglng ar £l uorine is diatomic fluorine. SUBSTI TUTE SHEET

( RULE 26)

75. The method of claim 74, wherein the fluorine-containing reactant comprises HF.

76. The method of claim 74, wherein the reactor comprises an electrolytic cell.

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

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

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

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

depositing a film over the substrate; and

removing the substrate from the chamber after depositing the film and before flowing.
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81. The method of claim 73, further comprising:
depositing a material over a first plurality of substrates; and
- depositing the material over a second plurality of substrates,
wherein: .
flowing and generating are performed after depositing a material over a first plurality
of substrates and before depositing the material over a second plurality of subsirates; and
flowing and generating is not performed between each substrate in a first plurality of

substrates or each substrate in the second plurality of substrates.

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