9 January 2007 WD 2004/007802 PCT/1B2003/002998 | Apparatus for the
generation of fluorine gas Field of the Invention This invention reI ates to
an apparatus that generates fluorine gas (referred to bel awasay 2007 or i ne
gas generator). Mre particularly, this invention relates to a fluorine gas
gener at or Wore4/60%0z s di sposed in the gas supply systemafmsaoesssvszonduct or
processi ng system Sem conductor processing refers in. this context to the
various processes carried-out in order to fabricate sem conductor devices
and/ or sem condugt or devi ce-connecting§ structures (e.g., interconnects,

el ectrodes) on the substrate under goi ng the processing (the target

Ssubst raI\ of sem conductor, dielectric, and conductive

| ayers . fas t ar get substrate 10 such as. a

sem conduct qﬂ’ae{ﬂtﬁéln%ndo substrate Description of the Prior Art A
variety of semconductor processes, such as filmformation, etching, and
di ffusi.on; - amis invemBdr feRfbstt bin @fpdritas that §braldTRbi®S Gas (Rfdired i@b&SIBE ANdUCt OF
“wafer or LCD substrate, during the fabrication of sem conductor devices.
The senfuodnelgat genepmial eldsiengutEyistis s nsediot celates toa fiugring gast dememidriiestt ment s
empl oy fluorine-type gases as process gases in a variety of. applications,
such® ~ ai§ dfsppsadip the €?ﬁ FHPPYTSYSEM &f Gnsemi¢ongudderoPrasaspipg sY8m d@e!“i'qoﬁiucéﬂﬂ dto
clean the interi npartments. Fluori.ne
 Fecel vi MG Rty P RLSRERT i IR Trous eroshiresi iyt  ault To fivente |
~ gener al I

%e)ﬁt&?lbg&&%‘éﬁggaﬁéfor %nl?coﬁtﬁ.ct de %nl%ftﬁﬁ @lr&&&gé’ﬁéag ng%bhﬁ&ts

~ fabrication "because rts satety an y i ssues een

._conpl et &b roBEdIRAIRE SubsBiteTInB6gbiRY e ;S‘roée%sthg RAS GHoRNBYAL BF theofindtieaWn f or
rI he production of fluorine gas at gas production plants. A fluorine gas

““gener atarsemicohdiictor! diglectiis atlil sondve®a, layerd inepadfid patteims ahaipe egat substiate, Qpen
Pat ent. Application (PCT) Nunmber Hel -9-505853 (505 853/1997).. In the therein
di st os%ﬁhaapaﬁmmmucwr%f@apdtﬁfbwmﬁs extendi ng fromthe top into the

nol tén salt functrons to partition the interior of the electrolytic cell"
|ntoacent_ f rent and a

A variety of semtconductor processes, such as film formation, etchmg, and diffusion, are.
'ca‘med_out-onlthe target substrate, e.g., a semrconductor wafer or L.CD substrate, during the '
‘fabrication of semiconductor devices. Tne semteonductor processing systems used fo carry out

15, ; these treatments employ ﬂuonne~type gases as process gases ina variety of apphcatrons such,

N . las for the etchrng of sﬂlcon t” Ims and sdtcon oxrde films and to. c!ean the interior of process

compartments Fluorine gas ‘Has been receiving attentlon as a hew etching gas and cleanmg-

_-M:gas but |t is generatly not produoed at. the actual site of semtoenductor devrce fabncatlon_'

;- _7 hecause its safety and refiability | issues have not been somptetely addressed
20 o Electrolytlc celi-based apparatuses are- known for the productron of fluorine gas at gas
'prod,uetron plants. ‘ A.ﬂuprme gas _g_enerator of this type is d_tsctosed, for example,_ln Japanese . .
S .'Laid dpen‘ Patent Application (PCT) Number ‘Hel 9-505853 (505,853/1997). In the therein
".:drsclosed apparatus a separation means extendmg from the top into the mo[ten salt functrons_
to partttlon the mtenor of the electrolytic cell into a centrai anode compartment and a
' 25- surroundrng cathode compa_rtment., Two: probes that end at different heights are disposed

- within ‘_the anode compartment. These two prebes function as surface level gauges in-order to




= 25 surroundi ng cat hode conpartnment., Two probes that end at different

. hei‘ghts ‘are di sposed w thin the anode conpartnent. These %V@%@? '

. function as surface | evel gauges in order to 9 January 208 41007802
PCT/ 1 B2003/ 002998 2 effect OV OFF control of the current fed between the
anode andwatdogralizso2Thus, this apparatus controls the gerasmbi/aisgf
fluorine gas by detecting the surface |evel of the nolten salt Another

prior art fluorine gas generator is schematically illustrated in Figure 3.
This apparatus has an inproved structéire for controlling the feed of
~fluorine gas fromthe electrolytic 5 cell. In'this particular apparatus,

the fluaord ' generated at . th node, 114 side o nelectrolvti¢c cell
115 1 " SORROMORE cRIar R Pt el heliiRnioe 2™ 418 s Pl et

capaci t tilcﬂs% L.t .er I WP t citor. 116
reaches%gncer g?’%g%%%&c?ﬁg‘g{n% g‘iébs‘)ﬁ?%?&ﬁ t@vﬁ%ﬁ%%gp]\?eﬁzeggﬂ?sposed

bet ween a cOpRR&RESHior LHOMRARE bBe gemvate Is0schbdBticaly lIRBRRER K Figureaemard and a
certain specified anount of the ?I uorine gas is suctioned into the _
conpr es sppardtiis Bas 46 inffrevedaltruetutbZ@r domtrokimetht delidyof dpenirat gad fiom the dlectrdigdicr ai se
the pressure of the secondary buffer tank- 124to a specified val ue.

Pr oblSensel. o IBghispaitisdan gpparius. ibe fuoine gas penpratadiat the, gaade; 1k side of @Re

o e o A ke oGP P el B 5

_operate I I riQds of i e, : | . Luf i : ese
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-~ 1.ncor popaRctftvaier 22 pbhddBdtiRenIPondAER6AY A ardthé Baidkd 6 RdemBoi@dlyCt | ON
system for exanpl-e, -in systens for fabricattng sem conductor devices.

- ~Enbodi mepéredaind bherthin spadificdramintcof thavRiofipe gad 18 suttonedintd the cahpresssens.oned

. problens: with the prior-art, Enbodi ments can provide a fluorine gas

. ~gendPat dhe viles 125is cepateidly opératediily osleaf © raiae thehprgéduye ofdhé savbrdanpbufter faok even
~during | ong-term operations.. Enbodi ments can provi.de an apparatus that
can; .prdaﬁ%@‘me&@?@?@"-ﬁgas bot h- on-site ‘and on-demand. As used herein,

.on-site-neans.that,:the fluorine gas generator is.combined or assenbled = = .

~ with the: parkik fo BepSalved by the Invention

" During. their investigations the invéritors discovered that several safety and reliability

. problems o-r‘:c‘ur;‘ vide infra,,.whén thé-ﬂuorine‘ gas generator illustrated in Figure 3 is operated for
o _.long‘-periods of time. The absence of a solution to_ath_ese probleéms makes it quite difficult froma
-‘p‘raétidé!':-'stéhdp:oin't”-'té?'i_ncor_borat‘e and use ‘jthe“'-ﬂtibrine'gés'- Qenerator in an automated ""
RN --prO'duCﬁb;ﬁ system, for -':eXafnpl_e, in: systeiﬁ's for .ffabr"icat:i_ng'_=semiéonductor devices.
' Embodlmentsofthe .'_if.)lVéntioh -Were' .de\_r_elbpéd in view 't.)f,"thé_:‘.ja'_forémen_ticjned problems
" with the prior art. Embodlments can -provide:..?é*-ﬂu'or:ir:]é; gas -jg:.,[ta'_rﬁjé_ra\it_pf:fhét is capable of very safe
5 and highly ‘téli.ab'lé_"ép:érationfievéh"d_uri_ng f:-lo.h-g-‘tér‘rﬁ ‘opérations. Eribodiments’ can provide an
“apparatus that'igé'ni‘prbdﬁce fluofine gas both on-site and on-demand. As used herein, on-site
‘méans'-that,.fthé-_ fluorine: gas: 'génei'ator'-is ‘combined or -a‘ssé;ﬁbied With the ﬁarticular main
:':.prpcess, ap;‘)a‘ratﬁs,rfo.r ._exam'ple; the rﬁain process apparatus of a sémicon_ductbr proceséing
system.. Oh-'d_em'and r’hean's‘ that the gas ¢an be supplied, with accompanying control of its
"require'd -compohents, with a timing that résponds to thé re,quirements,of the main probess

apparatus. .



process apparatus, for exanple, the main process apparatus of a

sem conduct or processing system On-demand neans that the%‘gas ca&}(ﬁe -
suppl i ed, with acconpanying control of its required compoh&ttEY ff'th a
timng that responds to the requirenments of the main process apparatus. 9
January 2007 3 Means Sol ving the Problens In accordance with a first
aspect of the present invention there $s provided an apparatus for the

generation of fluqgrjne 9as, that is characteristically provided with an
el ectrol ytic @%ﬁ%ﬁg{l‘é@ﬁi@é% out the electrolysis of hydrogen fluoride
~in an electr i L CORPY I Sin [ n. fluqgride-containing nolten
salt and t he?h)é%&g%aﬁgé‘g%he%ﬁ@{éﬁagt g ] tBés'(g reg%g TYRNIOR Melep BWV@ﬁg?'ﬁ%pp ﬁa&ﬁe si de,
product gake WBsRicAB! lioRATBANGRE isicRarbbURNiLANG pRARIed Wi 31 eIEBﬁ)ly‘ﬁé‘@El thi™®
generates, in a second gas phase region on the cathode side, by-product
gas whosmrrieaiant thengemelysis ios hydyghhoB@ndg ’San alebtoiit iba® BAipRsihghydeqmAui t t hat
feeds starting hydrogen fluoride into the nolten salt; a first conduit
t hat wi tflardergentalping malien salt apddhdretprgentratesi instfirgass phass eegiegircthe asodsecond
conduit.that w thdraws the bg/nipgr oduct gas fromthe second gas phase region,

a first $ebOlyd 9a34iR5e MaATLEoMPORENt MBIGENS 935208 it i seme tipeieaeraies. in at he

first ¢ i t hat ti ly.
the: pr oezelRO0R (R Mliorhar® TROBBL SR b or R e Wise (Al RROREORL o

val ve difyaegafgdsha tsféﬁing ihatdriaf hAl that ReSESRRY ]c'ul{dﬂ#gﬁ H6ridS Ab b m&% ve

di sposedin the second conduit, a first contro mber that baséd on the
- measur ersaiita firesedntuif therwithaewkithe brodudIg@s Srumeahg a0 6as2stiabs tenidnh g seeprt ure of

‘the first fl ow rate-control valve so as to maintain the pressure of the
- first - ga@engwitdiat withdrpwnthatbyrdductggasdmim thelseeond aasl pbass eegiorg adfsttpressuraenber
~ that -‘based on the neasurenent result fromthe second pressure gauge
" adj ust s PHeE B EPptifpRuslmeaRwes he PEmsaure i first gasabpterregion 4l sgeonggressure o
. i nt ai -%a%et Qré SEULE of t-h;% g_‘gcoend rgas ghase region at. a fi?gcond set val ue
“that s BUGHRSE APPYALRRRYTOR B PHRESYT M S8R gryRiaserivgion; 3 Wty date e c ond
. .Se.t. 'V"a| USSR Yahe diZ@gég?rpthEQHt'coﬁdu?i?@%ﬁ%d%gyrate control valve disposed in the
e secorid conduit, a first control ﬁembet that based on the measurément result from the first
-pressure gauge adjusts the aperture of the first flow rate control valve so as to maintain the
-pressure of the first gas phase region at a first set value, and a second control ‘member that
based on the:r_heasurement r_esﬂ[t from the second pressure gauge adjusts the aperture of the
- -secohd .f._low rate _cr_mtrol valve so:as fo maintéin the pressure of the second gas phase region at
a 'set;on'd set valu_e that is substantially equal to the first set value, o

. Thefirstand second set valuesmay be 760-820 Torr. R




4 The apparatus may be additionally provided with a first suction neans
that is disposed in the first conduit downstreamfromth;ji rst&fol wrate
control valve and that can suction the first conduit. EOUAY £O%bndui t
may be di sposed so as to connect downstreamfromthe second flowrate
control valve to a second suction neans that can suction the second
conduit. The apparatus may al so be pro%ided with a switching val ve di sposed

in the starti naterial .co it, acyrrent integrator that integrates the
electric curr E%t Rl ?Lﬁe”fa\xggna%gﬁ%"ag’( Br(?i"a%‘{i‘@'gb‘hhrtgh%%%dﬂ%"‘”s &ahis dpotade
. el ectr ol Wih&rirsbohd RGwhd8ad Ifr‘%fﬁttﬁ%ﬁ@t f@ﬂl b SofiRt NARGT e o0 s LA il GGL T ol yti c
cell, and a control nenber that based on tﬂe, measur ement- resul t produced by
t he curredniduit.nt egrator operates the switching valve so as to control the
feed of hydrogen fluoride into the nolten salt. The hydrogen fluoride fed
t hrough t he sThe sscony somtl@t inay be dispaset somy th eormegamwndiieamsitant thengcorat er i al
condui t. pay be di sposed so as to feed the hydrogen fluoride gas into the
nol ten sHAV rafsrroptrabvatvertn g §ecosd asction mesns that sen sustigtthesesend copdull i n t hat a
condui t that £an feeg nitro _En %as into the starti ng_, material -conduit is
connect ed t hel&t FPAGHRLPPEANT PT BIAVERL With psswdiching valvg fisanse in/Be vBEd t he
hydr ogenpbdepifibbfigie 0as is fed mxed with nitrogen gas into the nolten salt.
9 January 2007 5 I.n a second aspect of the present_invention, there is

~..provi deda aitreapipRb@tor thaf Beglfe tha)BB&RAEIRAL f8f bElVEEH 1hB @le8fcie dnA abcdie :
characteristically provided with an electrolytic cell that carries out the

el ectrol ysi s side tfyttle elpetroiftic welt iade thenelanrodd eattlicobathdde dnt & O RREISIBY

hydrogen fluoride- containing nolten salt and thereby generates, in a first
gas- phase red®®"dn the anode side, product gas whose mai n conponent is
. fluorine gas famd- gt : m%.sa Ei me generates, in a second
-~ . - acontrol member that based on the measurement result produced by the current integrator
. opéfa_fes' the- switching valve so as fo control the feed of. hydrogen fluoride into the

. 'molten salt.

.. The starting material conduit may be disposed so as to feed the hydrogen ﬂuoride‘-‘.gas

~intothe molten salt on the cafhodé side of the ‘electrolytic cell and in that a conduit that can feed
'n?trogén ga‘ls: into. the -starting_—' material _cohduit is connected thereto downstream. from the
1.afofes_ai§ switching. valve and the: h_ydroge‘n' fluoride gas is fed mixed with nitrogen gas- into the

"~ moltensalt. -




gas phase region on the cathode side, by- product gas whose mai n conponent
is hydrogen gas, a starting material conduit that feeds startin 8 dr ogen
fluoride into the nolten salt, a first conduit that with éﬂng%Q %roduct
gas fromthe first gas phase region, a second conduit that wthdraws the
by- product gas fromthe second gas phase region, a sw tching val ve di sposed
in the starting material conduit, a current integrator that integrates the
electric current fed between the el ectrode on the aforesaid anode side of
the el ectrolytic cell and the electrode on the aforesaid cathode side of

. the el ectrol ym(fcséé‘é‘.']d asp%gtdofathg%wsélqlmJgﬁ{g?ie'EheI‘eh% rg\ﬁée nogsl]p\ﬂta %%at%ur ement

result produced by the current "1 ntegrator: oper val ve so
as to Ccgubriadn dfMBoring @ds, hat Y EHaRBRAstchIyProvitRd With @n tete%tr(frm{ctc@mthﬁtadat‘nes The
hydrogen fluoride fed through the starting material conduit may be a gas.
The st ardut tig efedirelysialof bysinshen tluoriiehie adi equosigt eth acmrBing @@drogdnefiuobdl- ogen
fluoride gas into the nolten salt on the cathode side of the electrolytic
cel I andoPiining dpolgn selhensl thetehy genesates, doal firsh ges Dpsh regien émthe anpde sidear t i ng
material _-c n uit is cqonnected thereto downstream fromthe aforesaid

swi t chi MEPRYS) 978 WARse Tﬂ%CWPS'QéSr{'uPT'W&Bd gidbe same time gangrates P RRESNE r ogen

§ gas int WO 20041007802 /1 B2003/ 002998
gt B PR A e inodd PRI RO vl RORAGRIRATS lob PR ¢

executl @Nstalihg infHkesial ¢d’muomﬂa9roed@esért?ﬁérﬂy@’eléeneﬁﬁbﬂéé rﬁ%@% Rbehhiah, hygnti on

can be derived by. suitabl e conbination of the plural nunber of disclosed

const i t wenduitdhat nithdrsws fRerprasuatges dromvihe firsd Gasepfae6 irdgiil a @bcdnb @onduli@t | on has

‘been derived in which some constituent, elements.have been onmitted fromthe

' 5 over aithdraws e bypresiustioge ﬁPmélheesmmﬂbQ%mosmeidn faoswitthieg eieatiipnedtin t hese

*.technol g matrral gendyiha P ﬁf?r ger tf‘ﬁé“‘%?tlaﬁ/g'& elgciiig sprany fed SAMEHR nent .
- Enbodi m?lnat 5!6:1.9| ode Q:ﬁ th%'\é%%sa% amo?e“| gsgifegoé tF‘?’l 8%(2(%{1 {;)feiﬁat? r%l 8:Béts%9et hltﬁe

i I nventl on; e innventors nvesti
- aforesaid cathode side of the electrolytic cell, and a control member that ba_sed onthe

omtted el nts can be suitably fulfilled by conventional well-known
8 £t i

. measurement fesu[t produced by 'the-curfent integrafor operates '.tAhe switching valve so as to :
' .ficontrol the feed of hydrogen ﬂuonde |nto the molten salt. B |
The hydrogen fluoride fed: through the startlng material condwt may be-a gas.
The startlng material condwt may-be disposed so as- to feed the hydrogen ﬂuonde gas
_into the molten salt on the cathode side of the electrolytrc ceﬂ and |n that a conduit that can feed
©nitrogen gas mto the starting: matenal condu;t is connected thereto downstream from the

":xaforesaid swntchmg valve and the hydrogen ﬂuorlde gas'is fed mlxed w1th natrogen gas into the

" molten salt




~ 10 reliability issues associated with the prior art fluorine gas generator
,described wth reference to Figure 3. The inventors acquired the fallow ng
_ knowl edge as a result of these investigations. In the oper%t{&l"b'ﬁryo"togghe
apparatus.illustrated in Figure 3, the valve 122 is opened at the upper
limt for wdmopseeswure in the capacitor 116 and the vap¥@sbdRohDeL! 0sed at
the lower limt for this pressure. This results in the generation of |arge
pressure variations in the fluorine gas 15 conduit 120. The nolten salt
m st caused by these large pressure v&riations accumulates at the inlet to
~the conduit. 120, mhich causes the conduit 120 to becone clogged: In

Seat  of i he AR 25e etadrens e YsABL RS By kPP 8 | on o
sol i di f Lr&?ﬂtﬁﬂl én%rba enpr?or H]e% ot tﬁ@%v&ﬂ%n%ﬁ%?@nmﬁ%{' Ei'ﬂab%f contbk}@ltugd &or ine

gas, ’regar o anot her 1ssue assoct ate apparat us
i ust I #HeSfurhiMufibBibr@isdios & \Gonstted i Slehidats. (FaP eXinthio 9Men aaemaémtemeﬁtren the
cat hode si'de passes through the conduit 121 of the- exhaust systemand is
di schar grention tas theen Sydied ITh ahichrsothiel ctinkttterttelementsnhave heen wmitted ftdnetheusual
.regul atory value. It can be expected here that the pressure in the
- di schar geergliysat efrcanstitbiertyedamentssprasentatcior e eptbotdimenpthese omifled iamania canFor
- exanpl e, when the exhaust system has h 25 suction capacity,
pr essur-8e gitaphdulflied nwenverwam"rkfewa Fﬁcgﬁge‘tls?f D theadgimbwark ﬁt@@éthﬁvde"ve& essure
~and in ass ci at 4} %erevmththe molten salt |evel on the cathode side will
rise. 38Wb% ’§7 007 WO 2004/ 007802 PCT/ | B2003/ 002998 7 surface | evel
_ undergoes a SheBake iedihS case, Which results in nmol ten salt being
pulled into e nydrogen gas condwt 121 and hence in .clogging of the
“-condui t 121. peAngehd SRrdBdrdeTelsid thidasveR®dr; ﬂieftmedtdrﬁntétegét@mwsbetym and
. -121, it becones necessary to stop the.apparatus ‘and carry out maintenance
openat i m‘habsuty\ﬁssuﬂs mabedatediwittethe poiondrt’ ﬁlmrlhe_lgas_ Benenatorafestribed swts reference fahi ch
- the appar atus: is connected: Be?/ond this, the obstruction of either the
~fl.uor.i nEigy®ss. cT@nerWﬁﬂtowuredtthfe OHWHM)W’@@§ aeerteﬁwttof ttte-fte ipveptioatiest ts in a

©. di sturbance |n%etg%r§ h% ure gﬁh@nﬁ%%@ E:gt he evave Jz\étlé 8pé:n%|tilatth%elz The.

" occurrence olf1
- upper llmlt for the pressure in the capacrtor 116 and. the valve 122is closed at the lower !lmlt for

‘this pressure. This results in the generatton of large pressure variations in the fluorine gas
s conduit 120. -‘t'he molten salt mist caused by ﬁtes'e large pressure variatic)ns aocumulates'-at
“the in!et to the condwt 120 wh:ch causes the conduit 120 to become ctogged In addttton, due
. to.the frequent opening and closmg of the valve 122 the seat of the valve 122 is qwte prone to
-_'_:_'damage by the mechamoal action. of sotldtﬁed molten salt partlcles and the chemlcal ac_tzo_n of |
the fluorine gas | | | . | |
: 20 Wlth regard to another issue assoclated with the apparatus illustrated in F"lgure 3 one
| 'notes that the hydrogen gas: produced on the cathode. sude passes through the conduit 121 of . .'
" the exhaust system and is dlscharged .fromthe-system after dilution at a minimum down fo the
- usual regutatory valu.e.., It can 'beex;‘)'ected here thaf the pressure in th'ejdischarge syst_e'rn' will
Vary as a'function of the plant environment. For example, trvhen the eahaust,system has a hlgh
‘ 25 sucfion capaoity, the pressure on the cathode side v,vi!l‘s_pontaneously.become a negafive

pressure and In assoclation therewith the molten salt level on the cathode side will rise. ‘The




- pressure balance within the electrolytic cell 112 can result in contact
bet ween fl uorine gas and hydrogen gas within the electrolytic cell 112,

~which creates an. explosion risk. 10 This invention has & &anaetfld that is

" based on the know edge descri bed above. 'Enbodinments of this invention are

expl ai nedwlgnobdi@rdeal | oW ng with reference to the drawimaar:@ppRssed
herewith. In the explanation that follows, those constituent el enents that
have approxinmately the sanme structure and function are assi ghed a common
reference synbol. and their explanatfon will be repeated only when
necessary. 15 Figure 1 contains a schematic drawing that illustrates a

"~ sem conductor processing system that i ncorll[;)orat glfﬁ a fl uor ner at or

hat -1 SSUEace U AERPCR MR Shara R Bl frseThigh i o BRI sl Dt e
system cg&t‘%k dsrqqe@%nﬁrwg?qgtand @%ng ggﬂg?@?%&’idﬁmp t hat execut'eS' a

pr OCESS usion, on a target

substrate, &y fym@moitatHitH Lhdifd if@leSonBlitseR 2Rt R84 [iBbRoméd neddiSary

sem. conductor processing apparatus 10 is provided with a process charrber 12

t hat &cﬁ; thb@pbatE@Stans ¢hs} batRaidBranics opbiabdns| Whics algb camgs downtime éeess i s
I rpl ement Di sposed within the process chanber 12 is a nounting platform

14 (suptherehtimystem)totvtmh thel apparatns isbwnhectes  Beyoodwhis, dhecohistruction of githes 4
platformfor. nounting the tarﬁet substrate. An upper _electrode 16 is also

d.h spﬁse@e}mﬂtﬂﬂﬁrﬂaﬁ rendyit 42@ axthe Rydregan 9pp w%frtﬁ& glre resbltnip afstpbance i he14. RF
25

e’ woprepn b wifih i e oBF 4. th deaieR ke MR AR ER I B oceas

Cha”berw%l%%%%ggéﬁtttnﬁﬂé Sle%%ﬁ%}éftﬁté B ﬁaQt‘ﬁt i GA.XQ&% 2 HhorindQ=0 Ypd/ 007802

(.""PCT/ "'B2 n exhaust system 18 is
j""connemI%tdrdg‘enth@w{ﬂﬁWeeré%gbl?ﬁE&fl1§f%hidﬂrc9é‘a@e%5an(‘éi?6§]@dnsk.2 for the purpose of

evacuating thé interior of the chanber and, establishing a vacuum t herei n.
A g#e suppl YTy siventiodOhdsS a Cshuomed @eht tio abed wppthe knewlcdge aibsdrbed mboes's s

- chanber 12 for the purpose of - supplying the process gas.
‘Embodiments of thls invention are expiained in the. following with reference to the drawings
appended herewith. In the explanation that.fotiows, those con_shtuen_t elements that have
' app'rox.imatelf the same structure and function are assigned a comrrion -retere_ncesymbo{ and
ttteir exptanation will be rep'eated'onlsr when necessary. | ‘
15 S F|gure 1 contams a schemattc drawing that |llustrates a semiconductor processing
system that lnoorporates a ﬂuonne gas generator that is an embodtment of this mventton This

semloonduotor prooessmg system contains a’ semxoonductor process:ng apparatus 16 that

o 'executes a process, eg film fomtatlon etchmg, -or dlffuslen on a’ target substrate, 84d., a’

semloonductor wafer ar LCD substrate
20+ - The semlconductor processmg apparatus 10 is provrded with a process chamber 12 that
‘A holds the target. substrate and m whrch the sem:conductor process is implemented. Disposed
" within'the process chamber 12isa mounting platform 14 (support member) that functtons both
- as'a !ower electrode and as a platform for mountmg the target substrate An upper electrode
16 is also disposed withln the process chamber 12 facing the mountmg platform 14. RF (high
25 frequency) power can be applied from an RF power source 15 across the two electrodes 14

and 16 in orcler fo form an RF field in the process chamber 12 for the purpose of convertmg the




- 5 Figure 2 contains a schematic drawing that illustrates a nodified exarfple

10x of the sem conductor processing apparatus that can be used in’ :
conbi nation with the gas supply system 20 illustrated in9aguaey 2007 Thi s
sem conduct or processing apparatus 10x is provided wth a process chanber.
12 that h@bdsgesohmsot ar get substrate and in which the sageRsdyes9ss Process
Is inplemented. A nounting platform' 14 (support nenber) is, disposed
within the 10 process chanber 12 for the purpose of nounting the target
substrate. An exhaust system 18 is c®nnected to the |ower region of the

~process chanber 12 for the purpose of evacuating the interior of the

chanmber and est al?l

i shi therein, . A t hamber 13 |
ConnoctCh SE 0 Ao B TP A 165 BB CoBRARBLI b3 197 HB" B Bose of

wr apped BT aurer 1 A5, BERAPAS) o eleo g IR oF e S AN oncy)

pover f# esBulietnfBind QNREs SAREICSysiem L0 id Behnesed 1 tHeappar dgion'd 3 bcésd the

forrmation.in the renote plasma chanber 13 of an induction field for the
pur pos echafnberctrfucthé pogotdef spppiyiesthegpascetogas. pl asma. A gas supply system 20
is connected to the upper region of the renote plasma chanber 13 in order
to Supply t figupe dcentgingasschematic Hepvingnibaiyiiesingtenar modified exgynple iy of the:
enbodi ment .of this invention can al'so be 20 used with-sem conductor

plr oces ssegl{fiﬁ’ﬂﬂ‘ﬁ%‘fftprf’q;]?é?‘“@l lé’@Ba’ﬁB‘F a5y be ”ﬁ?daﬁhﬁ?”ff'l?‘{i‘i‘ﬁo@ﬂé‘%?"@, 99soSUPBNppl. y
i a , D . Wth . [ ' Ei 1,
cl et 1gefl%ad A datdIEh YD AROSLAEN i blach ST SRERAAIT Pafiedl ©

a fl ow rmanagenen s dirspose S 0; this

- Tl ow, MBRROL FRItbssS SRR 132nabidehd 18/3%t SR3188 LRGN GRfon B scRIRRIGor - .

;yprocess gas for carrying out a sem conductor process or process gas for

Pl

cl eani ngodebe is Mipkindited A Aburitihg pRtRARSH E@hsHthchehBer) iitiRpddRe VARCHES
chanber 12 at a speci-fied flowrate and is also-:capable of selective

swi }0c hi prepesdchpmbes 1 Dfaife pamise ohmunting tisotarpet $dirate. “hexhdugheystenatiisent 9
“January . 2007 WD 2004/ 007802 PCT/ | B2003/ 002998 9 section 22. This gas
- st or ageo8RRASdR the I tregiens ofthg miipeees clharsher (2o igrRiEosg i eyaqyialing Par i ous

:’igt :’:1.\/8 gﬁggérool’f tl%en&{atmb%?l%ﬁg est'g{)nssﬁing %”Qa%ﬁﬁr‘%?hé;gsn.t _}}grgnlto?gv pg%rrr]lg%%gr%gér ’F3ei%_t lon 22

connected to tﬁe upper fégioﬁ of the-proc}gss chamber 12 for thel'purpose of forming a plasma.
“The periphery of this remote plasma chanibé'_r 13 is' wrapped with a coil anteﬁna 17. The
15 ‘lapblicéa_tion..df- RF (high frequency) _pOWér -ffbr'_f_a' the RF power source 15 to the coil antenna 17
. results in the formation in'the remote ..pfaSIII]a .qhémber 13 of an induction field for the purpcsé_ of
' _".conve_rtir‘fg the broéess'gas;to' a dlasm-a,. Agas supp!y system 20 is connected té the .qp'per | -
;:;re_g-iol'n of the remote plas‘ni.a"c;fhg_r_rjl{:_ef_'i?{ in brd_é"r_tb supply tﬁe'processgas.
'. .-Th,e fiuorine gas gen'érator'cdn‘lpﬁs:s‘_irig -,_the.e:rn'b'qd_iment of thié invention can also be
'26 _ used with semiconductor procesé equlpmentthat _droés not efhploy a plasma; for example, to
| supply.cleaning géé to a_ thérm'aii-CVD ébpa_ra_tus,ﬁ. : s |
thh reférence agaih fo F_igufe 1 a 'ﬁbw .'rnanégeme:nf section 22 ié diSpo;é.éd in the gas
~supply system 20; this flow managerﬁénfs‘éé_ﬁbﬁ 22 can féeﬁ any designated gas, for example,
'pfoce.ss Qas for caering out a semiconductor process or process gas -for cleaning the interior of
25  the process chamber 12, info the ‘procgjss chamber. 12 at a specified flow rate and is also

fc.apablle of selective switching. A gas sidfage_ section 24 is connected to the flow management




|

" of the %nooe cenppidtoashy rerting therdutieg flugdae appwith ansiner heloapo gensuchais

"~ production section 26 that produces fluorine gas-type process gas by a

reaction process. A fluorine gas generator 30 conprising an enbodi nent of

. this invention is detachably 5 connected to the, flow AYMY0ect i on

22 and the gas Eroduction section 26. More specifically, this generator 30
ei t her di MEEI04P0S¥ABpl i es fluorine gas to the flow nanapermetosoenet i on 22 or
Is used to supply starting fluorine gas to the gas production section 26
(switching. valve not shown). The gaé production section 26 can produce,
for exanple, an interhalogen fluorin€ conpound gas by reacting the
starting fluorine gas with another hal ogen gas such as 10 chlorine. The

- gener at 8430 28 OMkiglghS s debiidiia @B LHNGIE of §ls| sadrel BAY sBRL ISR

el ectrolytic bath “conpri'sing hydrogen fluoride-containing nolten salt.

Thi s nohétea skt iRITRaseReS ABoNgoshedted td e/ fddr mapibgatér secliom 22 ioeige (KF)
and hydrogen fluoride (HF) or a m xture of hydrogen fluoride and Freny's
sal t. Tprededtion sedtiby 26 that pioiu@2 fllieringi gas-tkpd provess gas byregdactioo ppeessnent 34 and
15 a cathode conpartnment 36 by a partition sheet 35 that extends fromthe
top into the fetingpas geperator 30 £pEpfisieg a emberiment /) daiy inyontios is Apfa¢EEY 1 n t he

| R de, 4 whil i kel el
(cat hoddisiof & M BPedienhSRE FER06A2 <ar i o RO BE oL BhpaoRent 36.

At t acheghdepcdifempd §@.J;errab.y§b Gith&! ir g%@{i%aﬁtﬂér@@rﬂasstgq & Slon SmbRREmERN

supply ‘current befween the anode 4 e 44 and a current

- I nt egr agationt 82 bhig usédicaibply StarfingSlucAtd §HéRP tictfhs ProduBIn. seBlithl 8 skvifdhing .

el ectrolytic pracess the electrolytic cell 32 is heated to and held at
80- 90C valmyndtisbowit)t atHecghshradietiorBSectitih 26 tam pyosiise, ddr xbmpley di ddehalédenor i de

{in the electrolytic bath results in ‘the production in the gas phase region

(F2) and in the, producti.on in the gas phase region of the .25

fl uml n '%’}%s
cat hode®tYI"Fi part ment 36- of - by- product gas whose mai n conponent is hydrogen

O Sauct” gas B Jehualc 38 Apeyls S et SR Pl 3 oSN 05 200e

E 10 S comprising hydrogen-ﬂijdride—‘containin_g molien salt.  This molten salt comprisés a mixture

'!(K_F.IZHF)' ;of potassium fiuoride (KF) and hydrogen fluoride (HF) or a m'lixt,ure of hydrogen

fluoride and Fremy's salt. .The éiecﬁolytig celi32is divided'-into an anod_e compartment 34 and

g 15 | a t;atho&é coﬁjpar.tment_.SB by a partition sheet 35 that extends from thé top into the mﬁlten salt.

oA cafb‘o_n eléctrode (anode) 42 is immérsed in the molten salt in the anode, compartment 34
‘w_h'i'{e'.. ;;i.-'ﬁik:kel-' electrode (cathode) 44 is immersed in the molten salt in the 'cathﬁdé :

o ] .cbmpar'tnj'en%.éti, ‘_-A_tta_ched to the electrolytic coll 32 are a t.:urre‘nt source 38 that can supply

-_6urréni _._b_ét'we‘en‘the an;odé 42 and-cathode 44 and a.- current integrétbr. 40 that integrétes the

B 20 | vsupp!iéd _cll';r'rer-‘"nt.: | | | o |

o Dunngthe electrolytic process the electrolytic cell 32 is heated-to ané held at 80—.90"’(_)_

by the attéﬁché‘d héater 33. Electrolysis of the hydrogen ﬂuoridé in the électrblytic bath resuits in

- the production in the gas phase region of the anode compéﬁmeht 34 of broduct gas whose

.iﬁain cia.mponent:' is fluorine gas (sz and in lthe_ prqd_uéﬁon in the gas phas-r-,‘1 region of the

.25  cathode mﬁpaﬂment 36 of.- by-product gas whose main componént is hydrogen gas.

s Hydrogen fluoride gas is admixed (for example, at 5%) in both the product gas and by-product




/120 (heater

 gas in accordance with the vapor pressure contribution of the hydrogen
fluoride gas in the starting nolten salt. A first pressure gauge 46 is

di sposed on the anode conpartnent 34 and a second pressurgejag‘dﬂ'ggoﬁé i's

di sposed on the cathode conpartnment 36 in order to continuously neasure
the presswoeoeifotdoe respective gas phase regions. 5 AgddmBboosMidsesi t 52 s
connected. to the anode conpartnment 34 in order to withdraw product gas
and transport same to the fl ow management section 22 and gas production
section 26 of the gas supply system®0. Disposed in this first conduit 52,
In the given sequence from the upstreamside, are a first flow rate.

 Conpr cxih eband BERE) VAeb P Rt pr e bkt h o BBt gas
10 or 0cUggh i\ R (FEHR'L IR 2o Sk DL ich AR BN B R e

anode conpart ment sucti ITst con e conpressor
62 and dezord SHeSshrd gartgeearmaraodaea b@ thelcahlédd dompanaieht SO R rdbd Ed&IntiRPubp i gure
1 denotes a line filter. As noted above, hydrogen fluoride, will be adm xed
at sevenedsureeﬁueeretssdréofthexappd:teegsdxphaseregtdne product gas. This-hydrogen
fluoride is-removed when tHe product gas passes through 15 the .adsorption
cartxi dge 5@ fishicanduitz53 si enneesied. hihsl enadhcoatrertaentodd) imerier kxMithdawabl e of

d hyd fl d d d d
s Lottt B e Heiorr s b 2l 4P A R Sellhf ey o
pel | ot Sod 2 ad Hicbli R 40, 58acaG0 TR e BRI 1Y ol SONBARE o "

}.exanple of a ose I'on capacity varie unction of
_tenper ahy b?‘streﬁht‘dheaﬁresé)ﬁt’stw fatéLoh 8l vAIDEE - andsGISH Siklics §6 AWhiRbime | acket
_ 57 is di sposed over.the circunference of the.cartridge’ 56 in
“or der ttank 6gUs Abmpteagor (sectoAAtans 62 arldhe e bufidlganio®4. The poewswee Wi t hin
the main buffer tank 64 is continuously nmeasured by -a pressure gauge 65
di skfos erfoduced frethe aankds domEinenh @ isUorsipbrwithdemal froni thet angde gompastingnd 34he .

~."control renber. 39. connected to the current source 38. The ‘contraqgl nenber:

39 conthyoivstiqnpt ﬂteetret Q?Pd%”c‘m e remprgsson 82 anciersised nithe painbulier tageled on
-t he tran%mtted Hé I"i_E sul .t byﬁwtchlngthe current source 38 on =
.‘_‘and of f.. ° z&%en% e %F%g ?%ett i he tank 64 has declined toa 9

January 200?\3 noted above, hydrogen fiuoride will be admixed at several percent (for example, 5%)
l_ _ -|n the product gas. Th:s hydrogen ﬂuonde is removed when the product gas passes through
| 15 the adscrptlon certndge 56. " This cartndge 56 should therefore hold adsorbent capable of
: _‘adsorptlvely capturlng hydmgen ﬂuonde Based on handtmg and pressure Ioss consmeratlons -
_the adsorbent should be oomposed of* a large number of peliets filled in the cartndge 56 The‘ a
o _-adsorbent may be composed for exempte of adsorbent whose adsorption capacrty vanes asa
7 functlcn of temperature such ‘as sodlum ﬂucnde (NaF) A temperature-regulatmg jacket” :
20 | (heater) 5? Is disposed over the circumference of the certndge 56 in'order to regulate the =
| temperature of the cartndge 56. . N | )
"The pre'ssure within the miain buffer tank 64 is continuously measured by a pressu're |
- gauge 65 disposed on the tank 64. This measurement result is transmltted to the control
| member 39 connected to the current source 38. The control member 39 controls the feed of |
l 25 | current fo the electrolytic cell 32 hased orithe frapsmitted measurement result by switching the _

- eurrent source 38 on and off. Thus, when the pressure within the tank 64 has declined to a




~~cell 3

~ WD 2004/ 007802 PCT/1B2003/ 002998 11 certain pressure, the current source
38 is switched on and fluorine gas production is begun. Wen the pressure
within the tank 64 has increased to a certain pressure, theaWaEFy &7 source
" 38 is switched off and fluorine gas production is halted. This enables

el ectrol ywiosebamolsd: st opped W thout setting up differgrGgs.dotodbg Mol ten
salt surface levels within the electrolytic cell 32 5 between the anode
compartnent 34 and cat hode conpartment 36. The pressure within the tank 64
is set, for exanple, to atnospheric' priessure to atnospheric pressure + 0.18
MPa. A second conduit 72 is connected to the cathode conpartnent, 36 in

“order to withdraw the by-product gas. This second conduit 72 is detachably
connect@HaNPrassesn i furesht povEce 3B jsatvdiched, en apd fluqiiog s PRRAVAEON i degyn. 1 of
exanpl a sem conduttor . fabricatian plant. A 10 second flow rate control
Tatve S e PR e Tt s erBaB s & pita PEGRAR el RBuES ™ The
by- pro ; r ' i . ' : | ~<Mctioned
R e A S R S e
due t o wilteuexdi@igstp ayfetcntas/f tha Afbltkid sHD ¥athck NERIORItHIR thed ebatiohiic @&l 38 and
‘transported into the exhaust system 78. As noted above, the pressure

“bal d@hcerebedanciba ahbde coroggineoh P rtdreatho® camphitoenhd8le Thd preseurpavithivethe 36 can

for various reasons become di sturbed during the electrolytic process, with
the redank64inget fnaxgee.ithaimesphsiic peaseure fagaospiierin pressuie *O 8P| ytic cel |

32 e PO, L 2uge e OB BB Y ehol S B T |
~operat gﬂ%}by%@ﬁcﬁﬁ & Al Q06N RIHLR 4 ist%?éedpgl%lﬁrcbﬂﬁe 4 08 gg"’@ﬁ‘t Sohytic

£ 7 _ Fogen purge process a e end of fe - Starting
’hydr ogegnhdsd Qyitea @@&ion-rrﬁéﬁﬁ% 2811k, A6 ek’é?néu@,vglse?ﬁ%mﬁfctoe%mwnhﬂaﬁ. aglver se

effects on-the safety and reliabi*lity of the fluorine gas generator. In
~ t helcasecaid idvweratd vatiohealgars gehe dalogifier 18 aretdispbest inrthiFisgeond chndliorever ,

"~ the pressure of. the gas phase region in the anode conpartment 34 is

- ‘cont i nikhestyypraduet gee @rdsiiced inithe cathpdee serapastmpat §6 it reibly sueliongd &swuhe of the

“gas phase reg‘:jon I n the cathode conpartnent 36 is 25 co_ntx'bnmusl y nmeasur ed

by a s RHEe FrraRytment 4 by thestction it sreand roadiiAZ Jusdp fasetpust systom 78

and is moved through the detoxfier 76 and transported into the exhaust system 78.

As noted above, the preséure:.' Balance between the anqde éompartment 34 and ¢athod_e

15 compartmerit 36 can for various reasons -be.éQmé-.di_st.urbed.-duﬁhg'-thé electrolytic pfééeés, with

the result tha;t changes in the'surface Ie\.{él within t_he. elect'_rolﬁic ‘Cel_i. 32 are pt'oﬁé to ocour. The

" surface Tevel in the electrolytic cel 2is also generally prone to change '-im'medié.tely after a

| fﬂgas_—éwi_tchihg oherétior’i, such as a lnitrog_en purije of the intarior of thef'_eiectmlyﬁb cell-' 32 or the

: nifrdgen _plljrge"‘_prqdes_s'-af"te_r the end 'pf.feedl of starting hydrqg_en _ﬂﬁoﬁd"e .g.éts. ‘These éur'féee

| ) 20  level Varia,tibns‘ can '_have '_adver_sé 'efféb'ts-'.on-' the -safé’ty- 'aﬁd réliability ‘of the fluorine "Qas
fge-nerator. . L J

In tﬁe case of the ﬂuérine.g'as generator illustrated if Figure 1, however, the pressure of

“the gas bhase regidﬁ in the anode eompart_meht 34 |s .continuou.sly‘ méasured '-b‘y- a first

pressure gauge 46 and thé pressure of the gas phase regfbn in theg cathode compartment 36 is

25 continuously measufed-by a second préssure gauge 48. These ‘measurement results are

trénsmitted to first and second coniroi members 55 and 75 connecte'd, r@spectively, fo first and




-transmitted to first and second control menbers 55 and 75 connected,
respectively, to first and 9 January 2007 WD 2004/ 007802 PCT/IBé&%%/OOZQQS
12 second flow rate control valves 54 and 74. Based on t Rdanyagy ted
measurenent results, the first and second control nenbers 55 and 75 adj ust
t he apert wieesopdordobe first and second flow rate Contﬁﬂhpﬁﬁﬁ%ﬁ§%§4 and 74
~so as to maintain the pressure in the gas phase region o anode
conpartment 34 and the pressure in the gas phase region of the cathode
compartnent 5 36, respectively, at fitst and second set values that are
~substantially equal to each other. Since.the pressures in the anode
conmpartnent 34 and cathode conpartment 36 are each continuously and
i ndepentRaRpY Jowia contig! vahes S8nd St Bgsedon e F@F?W@Qdd?%asi‘"ée”iﬁﬁf Y‘Pﬁ%ﬂsn@ﬁ f or
t he sur evel of .t e de c ar Lent 34
o hod GhBE Lo, Sl efiBL: 58 817 4ok 8% SRS SPIRTHEREbodde Y, 1
el ect 1 offd bimiefldiveiZsd BRI Q@aéwHaﬁeaﬁirLeséewé in the gyebhere're@ p bftkhe

condi tions uori ne production conditions wthin't I rst and

second amiedsdhipsmﬁ&ateacw Zhe prasduieinCRE & bRBeGeylsH &f i satiddetdamparihantst
system 78 of the sem conductor- fabrication plant and the conpressor 62,

and 3 n 34, h&pechvemms”rre!uaoésecofrdhset velakethaf 4re solsdariblly dnoal tpeaheittier.damage to
t he .expensi ve el ectrodes, for exanple, the anode effect, and to-carry out

* the process agecthy P&?ﬁ?”%ﬁt‘%@iﬁ a@@iﬁuﬁemp@rhaeea’gb@nd ?ﬁﬂaqdecqomﬂveﬁrg 36 g
ddi t f t 15 t due

107 he i BRIy BRe RerRPaN S et SR IREE SRR e B FefRR 2. on

condui tt% ﬁ% s‘?ipfgee éveqlgleﬁle Aite? g%lHéZheTgl'god% coﬁlbarﬁﬁ‘ént Qfo&tf? detéafﬁg%ﬁ%rﬂhase

/-yegion 1nthe anode” conpar t nen secon € gas

“‘phase 18l Mlothr Wis, A8k Redaue BRES @ﬁ@&e&ﬁ)n@e RePBEEBIMARS ¥dverdd BRRRE C

pressure to 820 Torr and nore preferably atnospheri.c pressure to 770 Ton'.
1 n PO . ovadiatiorisdn sheatsinkitiaes ¢fffioficesisduction, Mn tieecaditioes withirpéhe tfingt _ihd 8dcord d

. "cat’hode conpartment 38, the aperture of the first.and second flow rate

" cont r ol cangdiies2 Byl Thin the opergtindyeondiions qulwsxhﬁusted?test?’amf ﬁwemmond@mry

."'--responsigaxe nanner.. rp S consi deratlgn npkes it tgreferabl e to use
o ncatlon pant and the compressor 62, an in other cn‘cums nces. This. makes it poss:ble to

. prevent damage fo the expenswe electrodes, for example the anode effect, and to carry out

the process safely and without -abrupt stoppa‘ges in eiectroly‘sis In addition, frequent

15 maintenance isno !onger necessary smce c!oggmg due to the sol;d[f‘eauon of molten salt at the
| inlets fo the ﬁrst and second condu:ts 52 and 72 does not acour.

The first set value for the gas phase region in the anode eompartment 34 and the

,.second set value for the gas phase region in the cathode oompartment 36 are preferably

'atmospheric pressure -to 820 Torr and more preferably atmospherzc pressure to 770 Torr. In
_' 20 order fo stab:lxze the pressure in the anode compartment 34 and cathode compartment 38, the
'aperture of the fi rst and second ﬂow rate contro! valves 54 and 74 must be contmuously
_‘ adjustable in a highly responsive manner. This conSIderahon makes |t preferable touse a |
: plezovalve for the first and second ﬂow rate confrol valves 54 and 74.
Returnmg _agaln to Figure 1, a starting material condu;t 8;! is disposed in the cathode
25 compartment 36 of the slectrolytic cell 32 in order fo feed 'hydrogen fluoride gas {consumable

starting material) into the molten sait; this starfing meteriel conduit 82 is disposed immersed in




. piezovalve for the first and second flow rate control valves 54 and 74. |

Returning again to Figure 1, a starting material conduit 82 is di sgosed I n
the cathode 25 conpartnent 36 of the electrolytic cell 38 JPAUYEE to feed

" hydrogen fluoride gas (consumable starting material) into the nolten salt;

CJs0 as. tShd R84l hBugt e n"foﬁ@tgsé?{onwg ERASHS dideifiidiGs@aiyelim Xt ur e of hydrogen

- fluoride gas..Ln nttrogen) 1n

this starfipngsmisesi al conduit 82 is disposed imrerseq,dlﬂﬁg, bgry 2007
WO 2004/ 007802 PCTI 1 B20031002998 13 the nolten salt 3r ogen fluoride

source 84 and a nitrogen source 94 are detachably connected t hr ough
conduits.: 83 and 93 to the 'starting material conduit 82. -A switching valve
96 is disposed in the conduit 93 for the nitrogen source 94 in order to

" switch the conduit 93 between open and dosed states. The. switching valve

96 is aﬂ‘@lﬂ&@%ﬁélﬁ A hydregery Teqside ROUGSA 8 aptha NiGESH; SoEreg a4 genestatsPly3o and

it | f t t |t | ectrol yt 132
Gur i ng. BpER cl%wﬁstl’an?lae? o o PR 98B i (1 ogen’ gas 11 ow

Fruori do_ gad SHelins vife 961 YRefadlf) ff SHALER o fod irkion el p8fn S 00e

conpl et Ghith tHaS@hahl 63 detwé éﬂ%ﬁ'ah& Rio5&d §tate§.nfl}hé)_§ﬁl&ﬂ§19tvbrv@lsﬁl'ls Athaysapehen sal t
on the cathode side and is discharged. 10 A switching valve 86 is disposed

in the aonigopdraftd df the flbenenyaly gegeratdr 30 and dirogaugasds 8ulaysfed dntoléhe rgiteswi t ch
the! conduit 83 between" open and cl osed states. This switching valve 86 is
opened galichf dleosledrobyiieleell 36 Auringl opsyation of therfluptne grsrasseralr 3 (HEHEEOLERer et o.

~The current fed duri n%rthe el ectrol ysis procgﬁ t ween, t he anode 42 and
W

t he cat$ﬁ§cﬂé’w4§te|i§s?tr?ﬁ e tg@QdJng; andrefergply grip 1 o pydiggen HHOH9g 988y 3| ue
t nb 87 B |
7 anon TS 8 49 e bG8 AmgBe ST A0y IREAR ARRSHRRITA 1oL \E

o'the molten salt.; The set ‘val ue for the

‘conig ol mentreswiiing salnss@isldispbasd, in tierconxesibethe pdragert fuoritd siuaten8s ine.
“hydrogen fluoride concentration '"in the noltéen salt in the range. from 39

to 41  %rd@CtoEwdcH é‘edcauﬁulhﬁalrbeg*mnfdpamandle:ie(sﬂF’fta%s This stiéchivsgesiveddf/isi c cel |

']32 is controlled based on

- opened and closed under ccntrol by the control member 87 attached thereto. The current fed

_ dur;ng the electro!ysns process between the anode 42 and the cathode 44 is integrated by the
current integrator 40 and this value is transrnltfed to' the conti"oi memoer 87. Based on the

15 measuremeht value transmitted thereto, the_confrOI member. 87 'operates lhe switching valve 86
.' ‘so as to feéul_ate, 't.he' l’eed_ of hyclrbge.n'- fluoride gaS"(mb’(tg:.'e« of hydrogen fluoride gas in
. nitrogevl)v inlo'the -molten salt. The sef value for the'contrOl member- 87 is estal)lished for
,"_example so as to malntam the hydrogen fluonde concentratlon in the mo!ten salt in the range
' | from 39 to 41% | _ | _
: 20 The feecl of hydrogen fluor:de (HF) gas to the electrolyhc cell 321s controlled based on
B the: followmg theory, by integration of the supplled curent. Thus according to Faraday's law
the amount of fluorine (F,) produc_;ed‘:by electro!ys_ls is directly proportional to the amount of

.‘ electrlc'ity.‘ ‘This law applies regardless of ‘the electrolysis _conditlons {temperature,
concentreiﬁon. type of electrode). Fluorine ges ‘oroducfion'by the electrolytic celi 32 in the

25 embodiment under consideration can be approximately determined, based on the current

efficiency refationship, using equation (1).




- the following theory, by integration of the supplied current. Thus,
according to Faraday's |law the anmount of fluorine (F2) pégduced &/ :
electrolysis is directly proportional to the ampunt of RRYEA PPV, Thi
| aw appli.es regardl ess of the electrolysis conditions (tenperature,
concent r awioeog4/0oype of el ectrode). Fluori-ne gas produGid@adeYedba
el ectrolytic cell 32 in the 25 enbodi nent under consideration can
be. approxi mately determi ned, based on the current efficiency relationship,
using equation (1). 9 January 2007 WW® 2004/007802 PCT/|B2003/002998 14
Z=6.8X (1) ' wherein Z = fluorine production flow rate (cc/-mn) X = anpunt

"of electricity '(%gé{é}%s case the electrolysis current val #l)e (A)) 5 The
initial hydrogen=TIttri de concentration in the nolten salf)is set, for

- exanpl gt 41%  The supply of starting hydrogen fluoride gas is then
timed to occur after the hydrogen fluoride concentration in the nolten
salt has f ald-equolifdproliicioh RbW kM (cék¥hiconcentration and prior to reaching a
| ower concentration limt, for exanple, 39% The increase in the nelting
poi nt of th& = amduneaf dedtiicitykie thit dzae khyekiadrelysit lcwosrit dalue@dcent ration fall s
bel ow the | ower concentration. limt .10 can in'the worst case result in
sol iddi fi cat iTbaingial hyseogen fiueridesaneeniratipria e meliensajb sset, ivreexpmple et} %- out
el ectraql ysis. en the hydrogen fluoride concentration exceeds the initial

- concent HtSUBRIY mﬁa'ﬁf‘% Yﬂ‘%ﬁ’fﬁ’g : P%Q%'ﬁd?e“pff"éeé’sfﬁr%’c‘éffaﬁ?h@eHVE‘PB%%‘FWP%ori de

~in the L ten.salt.will, al i e oncentration of .hvdragen fluoride
i xed IRy herondh &% b, Rt Jom B EL % SPheRoudt Sty
cart 1 dgeeni® HiwdriBnadmAROM, foh BharRE/HahE: TIRARLIRAIiH HRIMdihg (HRE L hat
f.-'-"'-)adsor ptively 15 captures the hydrogen. fluoride, It is therefore necessary.
~=-1.0° i thelieh skt @hem Y Q@fdyeh I fudlided@ncardaisallabelon theovbecdakaitemdmiimpned
. range, - for exanple, in the range of 39 . to 41 % Equation (2) shows the
T el | amshin thebwirsieane fdsuthin saidifeatiop obthecnolien sathantydke §énpdssibisrtodarrgas |
: consunption. Here, 2 noles hydrogen fluoride are required for the. -
pr oduc taubglegifolysisyyyken the hydrogen fluoride concentration exceeds the initial concentration the

S .

‘resulting high” vapor pifess‘__ijre' _of' the Ijlydrogen'ftuoridé in the molten salt will als’o_'raise the
Iéppcen_ﬁat_ion _é)f hydrogen ﬂtioridelmixed in the fluorine. This creates a h__igh load at the
adsorption ;:artridge 56 on the édéofberjt{for ,ekample, sodiurm fluoride (NaF)) that adsorptively
15.- éapturas' the ‘hydrogen fluoride. it is tl.l_e_féfore“netl:essary.rtb maintain the hydrogen ﬂuo_ri.de
concentration in the afofemehtiqned. rané'e,"ifdr example, In'the ‘r'z'inge of 39 to 41%. Equation
. (2) shows the re'laﬁbﬁs.hip b_letw_éjeﬁ, ﬂ_Ubri_ne 'gas production’ and hydrogen ﬂﬁon‘de gas
!mnsﬁmptioh, ,. Heré_; 2 moles hydrogen. fitioride arei .reqpiréd for the production of 1 mele
fluorine. .. __ | ' - . o N
20 (22#&052+o'.oéz)u1'ooo*=T N @
| ‘wherein o - | ' |
T gz= hydrogen fluoride flow rétg"‘(t:clrnin) required to produce 1 mo_[e.ﬂliorine
| first 0;052 tenﬁ = hydrdgen fiL‘;"oride‘ﬂow rate (cc!min)r'entrain_ed in 1. mb!e fluorine
| _sé’cohd 0.052' term ='-hydrogen fluoride flow raté {cc}m‘in) en;%ained in 1 mole hydrogen
- 25 " t=production ti.me (min).‘

T = hydrogen fluoride consumption (L) :




fluorine. 20 (2Z + 0.052 + 0.052) t/1000 T (2). wherein 2Z hydrogen
fluoride flowrate (cc/mn) required to produce | nole fI r|ne %ﬁ)(& t 0. 05z
term= hydrogen fluoride flowrate (cc/mn) entrained in %%‘1@’ ori ne
second 0..05Z term = hydrogen fluoride flowrate (cc/mn) entrained in 1

mol e hydnpgemsndRez t = production time (mn) T = hydr ggehigidsianisae
consunption (L) 9 January-2007 WD 2004/007802 PCT/ 1B2003/002998 15

Equation (3) is obtained by substituting, based on equation (1), 6.8X for Z
in equation (2), 0.01428XxtT (3) whewein 5 X = dnount of electricity (A

t = production tine (nmin) T = hydrogen fluoride consunption (L) The anount
" of consunable hydrogen fluoride depends on the anount of P‘D t.en S%Jt
i nt.r oduced. Engasiop {2 'éloét?ﬂweélh)‘tﬁl’@ﬁ‘t@@lgl baged o gawAtiqoHd) 846 ?d? SG¥HCP| uori de
concentration in the 10 nolten salt prior to-the start of el ectronS|s is
41% t K& anount of hydrogen fluoride in the electrolytic cell 32 is then
041Cvx/nere Cis éh{z ' of nmolten salt. The relationsip between the-

onee

" hydr ogen quorl%' nz"fration in the nolten salt” and hydrogen.fluoride

consu%| s given by equation (4) when the electrolytic cell 321S! used
in the % hydrogen fluoride concentration range. The maxi num anount of

consunabl e M@gﬁmofggécﬁﬁd.tym) de i S then qgi ven by equatl on. (5). (0:41 C -
HFC)/(C- HFc) 0.39 (4) :
f= product:on time (m;n)
T hydrogen fluaride consumpt:on (L)
The amount of consumable hydrogen ﬂuonde depends on the amount of molten salt
mtmduced into the electroiytlc ceil 32. - Given that the hydrogen fluonde ooncentrateon in the
10. .:molten salt pnor o the start of electroiysns is 41%, the amount of hydrogen fluoride in the
| - Vetectrolytlc cell 32 is then 0410 where C is the amount of molten salt The- reia’ﬂonshlp'
’ 'be’cween the hydrogen ﬂuonde concentratlon in the molten salt and hydrogen ﬂuonde
: :consumptlon is given by equatlon (4) when the e!ectrolytlc cell 32 is' used in the 39-41% |
‘hydrogen fluoride ooncentratlon range. The maximum amount of consumable hydrogen .
, 15 : fluoride i is then gaven by equahon (5). - . - | ' ‘ |
o (©: 41C— HFG)/(G ~ HFo) = 0. @ (4)
HFc =0.033C E - | B
';{-\ivhefe'iﬁ in-'equatiOns (4) and (5) .
.C= wezght of the molten sait

20 - HFc= hydrogen ﬂuonde consumptlon

Equatxon (6) and then equat:on {7)are obtamed by substltutmg Ti in equatlon (3) for HFc .
. ini equation (5). - | '
| o o.o14éaxX t=0.033C . (@)
| 25"‘ . Xxt=23C o S )

wherein in equations (6) and (7)




- HFc = 0.033C (5) wherein in equations (4) and (5) C = weight of the nolten
salt 20 HFc = hydrogen fluoride consunption Equation (6) Eld t he quat i on
(7) are obtained by substituting T in equation (3) for H AUz tion
(5). 0.01428X x t =0.033C (6) 25 Xxt =2.3C(7) wherein in equations
(6) and (WO 2@4@amseeary 2007 WO 2004/ 007802 PCT/ | B2003p808H980bfes X = anount
of electricity (A) t = production tine (mn) C = weight of the nolten salt
Thus, the relationship between thé amount of electricity X and the fluorine
production 5 tine t for the hydroged®fluoride concentration range used of
- 39-41%can be determned if the weight C of the nolten salt (KF/ 2HF)

prelimnarily introduced iLnto' the electrolytic cell 32 is- known. In the
pr esent cas%,"wgnf%rﬁ?%g'cﬁ r limt of the range used) of hydrogen

fluaride g%pﬁogggioﬁ%ﬁ%mzpeci fied by the value afforded by integratjon of
the amobunt of "electricity along the tine axis, and as a consequence . the
amount .. of gl-6gdigHtef thi moreesgainot be fixed.. 10 The' advantages of the

her ei nabove-descri bed enbodi nent of this invention will now be considered.
Japanese - LatlbsOQtrenveRtivreship Beiptdnctat iammufPGTeledulicity Xraridahe BuGDBaBRIuctiaf erred
to below as the 853 publication) discloses a fluorine cell that contains a
confr olimedderdhe higdragen fueride gencesiraiop iangs| used poBSf e |cay be dpigrpiped if the

oL et b5 5t e S, PSS PR P
T €s PONR S In the present case, the fiming (lower limit of the range used) of hydrogen fiuoride gas -
- _féed can be spec;iﬁed by the value affo‘rdéd by integration of the "e.lmouvnt of .électﬁcify' along the

ﬁmé axis, and 'as' a con'seduen'oe.thg 'amounf_of.e!éctricityx néed:not iae ﬁéced-.. .
0 | _ The'édvantages of the heréinabove-descrfbédl_er'n_bodiment of this invention will now be
' c‘onside'red.‘ ‘_ ‘ \ _ -
Japanese Laid O'p‘én Patent Apblication'(PGT) Number Hei-Q'—505_853‘ (referred to below
as the '.853 ;;u_blicaﬁon) disctéées a fliorine cell that contains a control sensor means that
detects the electrolyte level in thé"eléctrolyﬁc celland a current supply means that responds to
15 a signal fronti the co'htrql‘ sensor means ah_d starfs or stops the su;aplj_l,df- current in response fo
this signa!._ In this case, ﬂuoﬁne‘pr,odm‘:tion continues utitil the decline in the 3urfaoe fevel
- re%.écﬁes a preSét position af which a signal is i.ssﬁ_ed.. Since in response o thié signal the
_electrolysis :i;ont:‘él{ing_&_pparatus gtops the supply of curreﬁt_ té the oell', _eleétrt;lyéis is stopped
and the _fa'lllin ‘thg-z surfad:,é, jevel of the éle‘ctrblyte-is also stopped. _ ' |
20 o | In Sl'll':l"l, tha_' .technolo'gy disclésed in this publicatio’ﬁ delfbéi'atel'y eh‘iplbys changes in the
‘ surface level fo eﬁécf ONIOFF cgnfroi' of the current and does ‘not contemplate suppression of
this vai_'iatiqh. However, surface Iével variations must be minimized in the‘ electrolysis in order |
o cont_inuodsly 'prod'uoe fluorine gas while Maintaining a steady state. | |
| Th-e‘ 853 pu_b[ii:atioﬁ é\lso makes i clear that the aﬁbdé compartment ih the electrolytic
25 -celi is to-function as a fluorine reservoir. - Howsaver, d_ijé to the difficulty of matching fiuarine

produ_c,tiori to demand, the fluorine generators used for semiconductor processing at a practical




this signal. In this case, fluorine production continues until the decline
in the surface | evel reaches a preset position at which si gnal

i ssued. Since in response to this signal the eIectronS|§J€ﬁ%¥¥ ?élng
apparatus stops the supply of current to the cell, electrolysis is stopped
and t he fwbbossnosbe surface, |evel of the el ectrol yt e pirgmdodshesssapped. 20
In sum the technology disclased In this.publication deliberately enploys
changes in the surface level to effect OV OFF control of the current and
does not.-.contenpl ate suppression of 1his variation. However, surface |evel

_variations nmust be mninized in the electrolysis. in order to continuously

x/

produce fluorine gas while maintajni a steady_state. The 8 ub |cat|on
D 90" riaeb ISR eBoeReR APHE DL ELRpaIEA TIF Bra s hegt Pohe 55 e )
is to-f n I Be, T hg,edi Ity of
mat chi ﬁggf"%ﬁ"g‘r i%ée'a_p%oogig'% %ﬁﬁé} lréog.m:ﬁ%‘é&e uor%@g%éen'grg% or‘;%‘{éﬂ'?gd for
sem congiifdnflenPr OCessing at a practical 9 January 2007 WO 2004/007802
PCT/ 1 B2003/ 002998 17 |evel require a conpressor and a capacitor of a
certai n si z®&husl kemireedial dluotne-ginecitiog egktems tHae oorpesbbmct&t thensa3npldilication

consi deration cannot accomnmobdate such. changes in the external

envBr orre providehwih adwiews-typa lcomprgasar sed gemeprdier with 8 wapadiy of pemera flefespond

he 853 bl 5 d h I d
capaci 8N w"s‘&ﬁteéﬁﬁ‘%bﬁﬁm B Bl TR b EbdeR R SRS of RRBAPRRF ! corl
t fl ts buf t k h th ' E_.
§W°[ crewPle ive.Timberius o Bls, MBS R84E s, N EuBFpSl B B B Hioe
gener atiRfutQfor Lélé%ﬁh %gorlmw& forst aepeeﬁw@ ghd BT B 'Gedti) Pkl in divever

s whil e gas can e steadi |y produced in t Case, practical experience has

never t REk& SHadiba Mkpéittoe hAS nbedrhomk shdwroPkEm® BIRGIHy Srabiog ocd@ duing- t er m
production in the.case under consideration. -The fine nolten salt mist

| -entloai rkmﬁtbtyn progudtibo orthe easeniider coasideraiont o t he conduit or into the

capaci tor present between.t'he conpressor and el ectrolytic cel'l. Since this

"~ ‘nist has a Wbeﬂnmgloftebﬁa’#tme? eﬁwez;@@the fluogine jnfi Breteeﬁréeél?ﬁccaeu'hoem tHein the

condw t accunul ates, |
capeﬁ‘:?tor present etween e compressbr and elifectrolyﬁc cell. Smce this mist has a melting. .

point around 80°C it will be present as a-sofid in thie conduit. As this mist accumulates it wnll
-cause such problems as (1) ciogglng of the conduut and (2) damage fo the valve seat of the
15 ON/OFF valve. )
| The former problem resulis |n an immediate stoppage of eiectrelys;s and requires an"
: operatlon to rémove the salt obstructlng the condutt Smce reactwe ﬂuonne gas will a!so be
. present in the condwt this removal operatlon is hazardous and reqmres great care. ’Ehe Iatter-

problem again requires that electrolysrs be halted due to leakage at the valve In addltton the o

S 20 -frequent repetmon of the ON/OFF operatlon causes the valve to wear out prematurely

ln addl’ﬁon since the control method under consideratlon ‘does’ not avoid a certam

- _ ‘degree of vanatlon in the surface level- in the anode compartment, the area of contact between

; -the quuid and the_ electrode surface also constantly undergoes yariatien'. The resulting
variations in cutrent efﬁbiency during'etectrolysis make I ciuite difficult to maintain the quantity

: 25 . of fluorine productlon etable Another prablem that arises here is that the anode effect may

- make it necessary &) to exchange the electrode (carbon is typlcaI{y used for the anode)




|

- cause such problens as (1) clogging of the conduit and (2) damage to t he

val ve seat of the 15 ON OFF valve. The fornmer problemresults

~immedi ate stoppage of electrolysis and requires an operatQ*@ﬁ‘”

salt obstructing the conduit. Since reactive fluorine gas w ||

in an
#® 4%fove t he

al so be -

J presentwioheddtarsgondui t, this-removal operation is, t}q_%% d requires
ec ro? %ﬂ

great care. The latter problem again requires that eI ySi
due to | eakage at the valve. In addition, the 20 frequent rep
t he ON OFF operation causes the val vggto wear out prematurely.
since the control nethod under consideration does not avoid a

S e hal t ed
etition of

I n addition,
certain

" degree of variation in the surface level in the anode conpartment, the area
of contact berweerhanghe in thguiudeanding ervireheentr{oerwmestinnf tacecempressodinsthant | y

under goes vari-ation. The resultin

variations in _current eff|C|ency during

el ect r Gy UadGrRtOBSIEratiR) the %ﬁOPW’F'Bg?t?d t"‘ﬁ‘eﬁeﬂsrffléh% SPﬁé’”El'tFaPﬂ"i faptrobof be

fluorine.: hat ari

 hnode EEBPSOhLLBREbT i SARET by BuRRE L b BB R <BF ol il

()

i s typigald %nﬂél%gnéo?rﬂ\ﬁ@ﬁemggﬂ cor%pré@é?)'r'%f o of iyt \é‘%gﬁ%f%ﬂ/tr%%é
PCT/ 1 B2003/ 002998 18 Nor can changes in t e surrounding envir

(comeabid iPthe cRSETHN RHGE inisBmicBRducRRHRCUSHIRY. OF BRI dligrdah@Wis

s that the

Eﬁ%orlsgar bon: |
Btnal 313

on
E@sen’ual

accommudat ed when ‘as in the 853 publication control of the anount of

- f | uor i Mbatpiiudoe tgeoerafian esdebe isghjdctblp isfluancés frgmatheodmynsgeam citdeo

afternitie of f _i n

response to the control sensor. And the use of a conpressor at the
el ect r sisptplyticesl Viewad frany ghig P?fawectnemtézp@n@l metiaqghin rﬂéﬁjaﬁ%mm‘éﬂt@&@eﬂ%f

e PR SRR B RE R ERL e e B om o
si.de af.ter h\h‘?@g@&%{ﬁ%ﬁ éf'tﬁ’e gb%lvla-de\@ngwgmﬁ&grﬂléﬁt?:lf i gv«%ﬁgﬂs tl¥

nethod_!n 't ion 1's no ada
f 01105 € kBRI UHaRERGR 358 PEk1-SBT YiviSnmdM andRak hamnut)@év éﬂoest&fly

. above-descri bed. enbodi nent” of this invention. is that- I'S no

essential -
e downstream

ltt@gzotcont r ol
I's “inpracti cal

Pa?erate

i nf I uerfizedheby Thianfyeting-supplying, ppsdratael ib ecmsclb@ammﬁsngaaﬂ fesarsemnmhduuuausl y

~and stably generate fluorine. This fluorine-supplying appar.at

compressor.

us is .

' consci (nncg:}eyt_slmggetrgg@d.ef, dris gmh@mmlg@d on the use .of a suction apparatus suchas a-

The pressure gauge c}onr_'lécted to the buffer tank downstream from the compressor is

15

20

25

linked to the current source.  When the préssure drops to a certain value, the power source is

- switched on and ﬂdoring'is genei'ated.r The power source is switched off when the pressure has
‘increased up tb a certain 'p_oint. The use of this r_ﬁethod makes-it possible fo stop electrolysis

_without the elaboration of-{different_surfaoe-levels'as in the 853 publication.

The 853 bubli_cation_ teaches that for safely reasons it Is preferable that operafions

always be carried out with the pressure 4t the cathode éide outlet at atmospheric pressure (or

at a 'pressﬁre slightly above atmospheric préssure) However, it is almost lmpossible to

maxntaln this in an actual semlconductor plant due to-the large pressuré vanatlons oceurring

‘therein m the cathode side conduit. Moreover the 853 publlcatlon focuses only on pressure’

changes in the anode compartment and bases this on the premise that the pressure in the

cathode compariment is always atmasphei'ic pressure.



E

processing service, i.e., it. is essentially prem sed on the use of a
suction apparatus such as a conpressor. The pressure gauge, connected to
the buffer tank downstream fromthe conpressor is 15 Iin%e’&”%’?fyt'?ﬂ@?curren‘t
source.. Wien the pressure drops to a certain value, the power source is
swi t ched wo 280ugbofdezior i ne i s generated. The power sour ggring2@Wd2eded of f
when the pressure has |Increased up to a certain point. The use of this
nmet hod makes it possible to stop electrolysis  without the el aboration of
différent surface levels as in the 858 publication. The 853, publication
~teaches that for safety reasons it is preferable that operations 20 always
be carried Qqut with the pressure at .the,cathod | de. outl t pheric
pressure (o resﬁt'reanﬁfnéeé'?ﬁ?ee 4 1 ?Re\rve-qbg% rﬁ@no n[%)!lﬁg'r c 'thtgr géos‘%rdeegé.rmgémev_er ,
LS. BlfBSindnlBORR Rhub enditd 8| edsllicin e b BG&HAL SRpARIMLISIAE Dl ant
due to the lTarge pressure variations occurring therein in the cathode side
condui teleMBk RO to HehBaifiibed bhdiarlat QI S USIBReR) I phittipy e uriace levenges in
t he -anode conpartnent and bases this on the prem se-that the pressure in
the 25canadthedéstaminedritomeiite pressatepcapd fertthis Spésoniin oplee fxentancedsafelvigaey 2007
WD 2004/ 007802 PCT/ 1112003/ 002998 19 Pressure nmi ntenance by independent
f1 o r sugacsoleveloiessemistingerigs dv &- rrefesed sergalits sote rmsrte of CﬁthP‘Ze #ifR @At i on

~enabl es %he ressure in the two el ectrode conpartnents of the electrolytic
cell td™ @fahﬁi%i'é%?é‘a"&é&ﬁ@[ ant at all times. Howevér, in practice the

f | | - om i » b '
ourece o1 She, ARP S5, RSN PHATIAD ' S3RURF < 088 sty oo

I n.order to enhance surtace I nserte ‘a

pr ef er nednimgdal thY MblehSHABRAZEN of dhé QeBosd gﬁeﬁ&dthg gﬁlﬁﬁg@wl oAHE he

- scathode side. The starting anhydrous hydrogen fluori is ordinarily

| “-"a gas agdHibits af ey Hxst fawbbi EPGriah Gnfohenmbitetinss@ldnd (431 efresultbthy @thotibe

cat hode side) of the el éectrolytic cell. AHF exhibits a very fast rate of
absldr ptdoopaitmed dah dnsiaitarenusip besumenainegative. presslre Whiretheaitfold sunmiied 8hpar t nent
can instantaneously assune a-negative. pressure when the AHF i s sup_ﬁl i ed at
a . slow flow rate. When this occurs, the molten salt ascends within the AHF feed conduit and |
| the worst case will end up solidifying and making it impossible to continue the feed. The AHF
feed flow rate Is therefore preferably rapid, buf there are fimitations on the AHF flow rate that
can be used in practice. ) .
15 _Théf'efore, in the above-described embadiment of this invention, the AHF is mixed into

fnitrogen gas ;duﬁng the’ AHF feed intervaj with f_he goal of ralsing the, o_véra!l flow rate during

- AHF feed. ‘Since nitrogen gas is almost completeiy insoluble in’ the molten salt,-it passes

o " through the molten salt on the cathode side and is discharged. This flow of nitrogen gas into

the 6atho_de .corflpartment is maintaihed at all times regardiesé of whether electrolysis is actually
20 'uﬁderway; 'This resulfs in dilution of the 'hycirogen geﬁefateﬁ on the cathode side during
eleétrolysis’ and makes :in possibie; fo maintain conditions 6utsid¢ the explosive limit even when
“fluorine gas is .infroduced to the 'cé&ode_ -side due ttl)_ a SUdden and unexpected change in
- surface levels. The _n_itrogén flow r.';ite is regulated optimally on the basis‘ of the size of the
efectrolyﬁc cell. A‘ |
25 The fluorine gas generator 30 “is detachably incorporated in the semiconductor

prdcéssih-g. system in the embodiment described above, but the generatdr may also be




slow flow rate. Wen this occurs, the nolten salt ascends within the AHF
feed conduit and in the worst case will end up solidifying and naking.it

i mpossi bl'e to continue the feed. The AHF feed flow rate PsantRiy@Pofe
preferably rapid, but there are limtations on the AHF flow rate that can
be used b Rodsdiee. 15 Therefore, in the above-descr bg gent of
this invention, the. AHF is m xed into. nitrogen gas during t AHF feed
interval with the goal of raising the. overall flow rate duri ng AHF f eed.
Since nitrogen gas is al nost conpletady insoluble in the nolten salt, it
passes through the nolten salt on the cathode side and is discharged. This

"flow of nitrogen gas into the cathode conpartment is maintained at all

times pesyanelitisnsflediiat ﬂ‘éﬂr syplget r ofryadslitipn, sempenenis sbspatide IR, Ui s
results in dilution of -t Jl%g ﬁg}n %eﬁgr at. ed fthhe cat. e%%e SSI ded ?UI‘I ng
el ect r?ﬁ’?g‘?"g”gﬂﬂfaﬁﬁﬁgn P "b % PR QoA CPBHE 5T 1egE

S OSBRI b, i S SEA 4l i o e

unexpec 'surface leve he nitrogen flow

rat e i g fRfUliHeaRioRt b4Bmky be Ritthateldsi %o Bl fdhemahaemaht éditon 22 eebad! yti C

cell. 25 The fluorine gas generator 30 'is detachably incorporated in the
sens copduadton setion EBSE gy By Sirentlyifed thheqnitmds phdmbetd2csephrattlyafaudhe but t he

“generator may al so-be 9 January. 2007 WD 2004/ 007802 -PCT/ 182003/ 002998 20

A

P
T -

per manathet rocass tgabése dThiéngatstiredustien esntion R6 e pisp b coofigifseie prasiuge sihesed

'within the sem conductor fabrication gl ant itself can be used for several

. of. t hefluasihpreyrem srogess gnsesirater thaprehp
< 64, .d
EPr e o Sfie ot BRbIGata AR PSR e Bnei vl el e

S?W%”Q%l?%‘fﬁ?sator 30, e.g., the

gas S o ﬂ%ﬁ&.bl;?@ar?s 9Qed[2 e ,H&Wd&@ si%héo%ttha a&eﬁisﬁ&u& B@um&gtsé&mghanﬁer ,

12. separa rom er .process gases. The:gas production section 26

- caggpal ﬁ@s@ﬁno@iﬁéﬁtubn%ﬁrﬁphltb%u&idmg&ﬂu @R the é‘obpt%ﬁtﬁeﬂﬁmtoam process gases

rat her than i.nterhal.ogen fl.uorine conpounds. While various nodifications -
and al t er atAohas ednhdasciities atbeu_él r.thisadwesﬁﬂrreplewdés & llgorreruss eneator that is

'tcapabie of very safe and highly reliable operation even duringi.long-tenh operations.'

Brief Description of the Drawings

Flgure 1 cortains a schemat:c drawmg that lllustrates' a semlconductor processing
15 system that moorporates a ﬂuonne gas generator that is an embodlment of this invention.
FIgure 2 contains a schematlc drawmg that rtlustrates a ‘modified example of the
. semiconductor processmg system used in combl_n_atxon with the_l gas feed system -mus_trated in
: ,FiQLité_’i. | |

'Figure 3 :oontains' a schematic drawing that illustrates a prior art ﬂudrine gas generator.

20
| Reference symbols
‘ "'IO, 10x R . semiconductor prOce'séi‘rig_ appé’ratus_
127 e process chamber

: 18 exhaust system
25 20 e ' gas supply system

: 22 e flow management section

24 e ' gas storage section

26 e - gas production section . '




“this invention can be devised by the individual skilled in the art, .it
shoul d be understood that 10 these nodifications and alterations also fall
. within the scope of this invention. As has been described® Z¥b@8, 24i s _
invention provides a fluorine gas generator that is capable of very safe
and hi ghlwored4iei8bz operati on even during | ong-term opefraikiodiieBr i ef
Description of the Drawings Figure 1 contains a schematic draw ng that
illustrates a sem conductor processin 15 systemthat incorporates a
fluorine gas generator that is an enbddiment of this invention. Figure 2
~contains a schematic drawing that illustrates a nodified exanple of the

sem conduct or pgocessi ng systeg;a i&g & conbination with the gas feed

U

systemillustrated in ure re 3 contains a schematic draw ng that
il l.ustrates a p¥ior afrt- fl uor i ﬁ@C‘&d@c@éher ator. 20 Reference synbols 10,
lOX ......... - sam congugt.or pr aﬁmoﬁga@maﬂr atus 12 .......... process :
O i o ranagement secblBe gpatmant =10 Do P et ion 26
gas Jpr oduct i on 3ect i on--&-Januacyrerdequrca\D 2004/ 007802 PCT/ | B2003/ 002998 21
230 L. .. @8s gener.at or 33urren=tmtegratar electrolytic cell 34 ........
anode corrpart rr_%at -36"_..".".“. Ce e dcat hode corrpart ment
44 e cathode
46,48 e pressure gauge
10 52,72 conduit
' 54,74 . . . flow rate control valve
. B5, 75 e . -control member
BB e . adsorption cartridge -
. B8 . e - capacitor
15 B2 | ferevessane ‘ ‘compressor
64 i buffer tank
(- —  detoxifier
78 e .. exhaustsystem
. 82 . staring material conduit
20 .84 wwsine - hydrogen fluoride source
‘_‘86 e ~ switching valve
a7 - e control member
94 nitrogen source

98 - switching vaive
2 S ‘ -
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o

538 ... .. current source 40 current integrator 42 .......... anode

44 ... ... ... cathode 46,48 .......... pressure gauge 13 52,72
.......... conduit ' .1 54,74 ........ flowrate control VaPQUYZB0%s |
......... . control nmenber 56 .......... adsorption cartridge 58 :
capaci t owo #B48@seonpr essor 64 ... .... .. buffer tamkragfoseozess. . . . .
detoxifler 78 .......... exhaust system82 .......... starting materia
conduit 20 84 ...... hydrogen fluoride source 86 .......... swi t chi ng
valve 87 ....... ,.. control nmenber @£ ....:..... nitrogen source 96

. switching valve .25 9 January 2007 WO 2004/ 007802 PCT/ | B2003/ 002998 22

Clains 1. Apparatus for the genera&l% of quorlne gas, that is
characteristically provi ded W th )

1. Apparatus for the generatiop of fluorine gas, that is characteristically provided with
an electrolytic cell that carries out the electrolysis ef hydrogen ﬂupride_ in an electrolyfic bath
'5_ . comprising hydrogen ﬂuoride-cont’aining molfen salt and thereby generates, in a first gas
| phase region on the anode side, product gas whose main component is fluotine gas and
at the same time generates, in a second gas phase region on the cathode side, by- -
product gas‘wﬁose main cempohent is .hydrogen gas,
_a stadmg matenai condunt that feeds starting hydrogen fluonde mto the molten salt,
- 10 a f rst DOﬂdl,Ilt thst wﬁhdraws the product gas from the first gas phase region,
a seeond condurt- that \Mthdraws the by-product gas from the second gas phase region,
a first pressure Qauge that continuously measures the pressure in the first gas phase region,
a secopd pressure gauge that'conﬁuuous_fly measures the pressure in the secend--eas phase
region, | - . :
15 afirst ﬂew rate control valve -uisposed in the first ivcopduit,
a second flow rate contro.l valve disposed fn-the‘second condutt,
~a first oohtrel member that pased ori,-the m‘easurén‘1erit resuit from the first pressure gauge '
' adjusts the aperture. of the first flow rate 'ceﬁtrol valve so as to 'maintain the pressure of
the first gas phase region at a frst set: value and |
20 & second control member that based on the measurement result from the second pressure
-gauge ad;usts the aperture of the second -ﬂow ‘rate- control valve so as to maintain the
'pressure of fhe second gas phase region at a second set value that is substantially

equal to the first set value.

25 - 2. The apparatus of claim 1 for gerierating fluorine gas, characterized in that the first and

second set values-are 760-820 Torr.




-an electrolytic cell that carries out the electrolysis of hydrogen fluoride

. salt and thereby generates, in a first gas phase region Shianyary

in an electrolytic bath 5 conprising hydrogen fluoride-containi 22%) nol t en
Qde si de,
product gas whose nain conponent is fluorine gas and at the sane tine
gener at esWa wosoiggeond gas phase regi on on the cat hodepgifoosiayzeepr Oduct
gas whose nmi n conponent is hydrogen gas, a starting material conduit that
feeds starting hydrogen fluoride into the nolten salt, 10 a first conduit
that withdraws the product gas fromt®&® first gas phase region, a second

.conduit that withdraws the by-product gas fromthe second gas phase region,

a first pressure gauge that continuously measures the pressure in the flrst
gas- phase region, a second pressure gauge t hat contlnuously nmeasures the

pressure in éa‘% B@ﬁ%?%?a Conrngow&{g?’aﬂm ﬁ?d%fe 'aﬁﬁ thd fep%fc%ﬁ’”té&'

val ve di sposé r SF %8W AT EG ,

di sposegralifled fifth B6RE B6Lt6R Rdhd thatis bishSHed GPME HiRk canem?aéwﬁéaes RaaaHs AR t he
measurenent result fromthe first pressure gauge adjusts trﬂe aperture. of
the fir fdw fdieosvntral aheamt tiedt cxmbuttiosthe fitst béndii Nt ai n t he pressure of the
first gas phase region at a first ~ set value,. and. 20 a second control
menb®r that based on the measurement' -result fromthe ‘'second pressure
gauge adjusts _the aperture of the second flow rate control vatve so as to
mai ntain t he* THP @RS of clpi3 LEgarptpadiupinedasy dgrasteriged i el dsrvecaed val ue

h b | he fi | 25 2. Th f
ol ai m | TR SaueRE? Hy of FLOYIE ABSTaAL Bt TRR Tt (A oTRLYATE 8t and

BT R BE e SR e sy, 2007 VD 2D O0T%

-‘-"fluorlne gas, that is characteristically also provided wth a first

~suction nmeans that is disposed in the first conduit downstréam fromthe

firsd 5. Apparatus accordmg to any of claims 1 to 4 for generatlng ﬂuonne gas, that is

charactenshcal[y also provided wath
a sw:tchlngvalve dlsposed in the starting material condui,
a 'cun".ent‘ integrator that integrates the. electric c;zrrent fed between the '.ele'ctrode on the
aforesaid anbde side'ef the electrolytic' cell and the elecirode on the aforesaid cathode
15 side of the electrolyt:c cell, and | ) ‘
a control member that based on the measurement result produced by thie current :ntegrator .

Operates the switching valve so as fo control the feed of hydrogen ﬂuonde into the

) molten salt.

20 8. The appératus of dairiri. 5 for generating fluorine gas, characterized in that the

hydrogen fluoride fed through the starting materiai conduit is a gas.

7. The apparatus of claim 6 for generatmg fluorine gas, charactenzed in that the starting
matena[ condunt is dlspused so as to fead the hydrogen: ﬂuonde gas into the molten salt on the

25  cathode side of the electrolytic cell and in that a conduit that can feed nitrogen gas into the




flow rate control valve and that can suction the first conduit. 5. 4. The
apparatus of claim3 for generating fluorine gas, characterized in that the
second conduit is disposed so as to connect downstream f PoAN¢3¥ 288¢€ond
flow rate control valve to a second suction neans that can suction the

second cwwishondeo7dld 5. Apparatus according to any of cClpaipfiBzodsde2eed fOr
generating fluorine gas, that is characteristically also provided with a

switching val ve disposed in the starting material. conduit, a current
integrator that jntegrates the, elect ffc current fed between the el ectrode
on the aforesaid anode side of the electrolytic cell and the el ectrode on

“the af ostesing thetsttahedHRiuit 16 csinde®indrdts BWaSHR] %%&1%& g{g}bestaﬂ%itoﬁln%%]% ol

menber that based on the neasurenent result produced e curr

i nt egr adrwithe byrogendisiotidegas\is fedmingl Wit MBoffl gas iltdthe diteRkait he feed of
hydrogen fluoride into the nolten salt. 20 6. The apparatus of claim 5
for generating fluorine gas, characterized in that the hydrogen fluoride-
fed-through the starting material conduit is a gas. 7. The apparatus  of
claim6 for SERRREYS fRy 19 Jroeraien piioringgrsathetis ichercersticallytravidedstitar t i ng

'- i it is.di d . he “hyd fluorid i

© TRe S Tan SORAME o itk SBOBE DR Hedi Byt &Y nyitBoelt Gionin, 7 BocElyiodath | 1 <
t hat - At kil i i - J 2007, ‘WO
50041 007809 EbAEIS nERSeh IS dohBRRD, Aafn' i And Mereby BRIIREY 188Gt edi e
thereto dowphbseabioh bAmhd divdab@e kUt S8 WEddk ek éirﬂ;ﬁ)neﬁt:lgﬂﬁd?ﬁ pé{éj%%ge“

fluoride gas is fed mxed with nitrogen gas into the nolten sa

Appar at us f @t thehsampetime gienemtesf inf 4 wecdndeyegamasé aion 6n HeadATIdRIHice bgal |y
-, provided with 5 an electrolytic cell that carries out the el ect rolysis of
" hydr ogen ' | RBdUglges hase ewriscomgpsant is Hydrdgen gammr i si ng hydr ogen

Af l, uch’ i daeétg : l’rllt.';[ %ia%iﬁ&%orqg&i% tﬁgt fgeajstsfa%ri]n% i;[yg%rggr? % 'o%%g (iarirt(? ;[h(caasn’q.oitieg sglt,-f'i r ~St gas
. afirst conduit 'that'\.av'rthdravi.:s- thg product gas from the first gaslphase region, -
a second condylt that 'vvithdfaws ‘the‘by—product gas from the secoﬁd gas phase region,
a éwitching valve disposed in the startin’é material condult, |
a c.urrent. integfator that -infegrates” the glect‘r'ic cumrent fed between the electrode on the
15’_ aforesaid anode side of the_ electrolytic cgll and the electrode on fhe_ aforesaid céthode,
| side of the electrolytic cell, and |
a _contro'l ‘member that based on fhe meaisuremént'res'u{t produced by the current integrator
7 operates the switching valve sb as fo ﬁ:b.ntro[ the feed of hydrogen fluoride into the
molfen. sélt. |
20 T
: 9..Th_e apﬁaratus of claim 8. for generating fluorine gés, characterized in that the

hYdrogen fluoride fed through the-_s_tarting material conduit is a gas.

7 Claim 10.The apparatus of claim 9 for generating flucrine gas, characfeﬁzed in that the stariing
- 25 . material conduit is disposed so as to feed the hydrogen fluoride gaé into the molten salt on the
cathode side of the electrolytic cell and in that a conduit that can feed nitrogen gas into the




- phase regi on on the anode side, product gas whose main conponent is
fluorine gas and at the sane tine generates, in. a second_,gas ph regi on

. on the cathode side, by- product gas Whose mai n conponent Pg vﬁygég% gas,
10 a starting material conduit that feeds starting hydrogen fluoride into
the nol t eWGHPY007803 first conduit that w thdraws the pPOUER2003ML9r om t he
first.gas phase region, a second conduit that w thdraws the by-product gas
fromthe second gas phase region, swyt ching val ve disposed in the
starting material] conduit, a current integrator that integrates the
electric current fed between the electrode on the 15 aforesaid anode side
of the efterite BlRfariaCcaralt imnchibbied ehaeﬁorms@éhrﬁ emahar Sidhifg 9&&{99@1&1 si de

of the ¥ IS er that based on
neasurengﬁgkregﬁ%?gggﬁ ool ﬂ%dﬂyﬁﬂﬂ% 1935 mngv%ﬂpﬁWﬁﬁ operates. the

switching valve so as to control the feed of hydrogen fluoride into the
nolten salt. 20 9. The apparatus of claim8- for .generating fluorine gas,
characterized in that the hydrogen fluoride fed through the starting
material conduit is a gas. aiml O The apparatus of claim9 for
generating fluorine gas, characterized in that the startlng 25 materi al
conduit is-disposed so as to feed the hydrogen fluoride gas into the nolten
salt on the <cathode side of the electrolytic cell and in that a conduit
that can feed nitrogen gas into the 9 January 2007 WO 2004/007802

PCTI 1 B2003/ 002998 25 starting material conduit is connected thereto .
downstream fromthe switching valve and the hydrogen fluoride gas is fed
‘m xed with nitrogen gas into the nolten salt. ' :




