: B3e+VZ3+S. ./ 0v" 1263TZ3=PGL 2 2 MAY 2003 SPECI FI CATI ON STAINLESS%QTﬁﬁksz
W TH PASSI VE STATE FLUORI NATED FI LM THEREON AND DEVI CE USI NG THE SAME 5
Field of the Invention This invention relates to stainless steel with a
passive to state fluorinated filmformed thereon and a device u

sanme. Backg m NM‘IIMW Technol ogy Various ki nds of speci a E\hﬂ@!‘m sed
in seniconddmm m uroduction processes, and nust of t

corrosive in thepgghkves or theySPEGERICAHTYOMDI sture in the atnﬁ@ﬁﬁ%re and
are formed into substances exhibiting corrosiveness. Usually, chanberss for
handl i ng these special gases piping therefor. valves essential for
supplying the gases ) or the |like are made of stainless steel, and have
such a deTRINLESS STHEL WEBH PASSLVECHPATRI EGUORINATER TN TREREQN Adtdses.

Mor eover, a sem conductor device has increasingly been inproved in
integration year by Year, aPBVIR& WMST%SSPJ&a unit el enent have al so
been decreased year by year as the integration is inproved. As the unit

el e is decreased i n di nension, dinensions of a pattern to be drawn on a

S|I|con nlconductor manuf act uri ng process have
becone eé??% § ghglfﬂv gig is becomng difficult to draw required |ines

with an al | gne%gyé'ﬂﬁr&:éiéﬁﬂﬂ tos! t9StMNGRsE ste? M\ﬁ Zoﬁﬁélaé’ee :

conventi onal | y Dbeen used. For this reason, an excl nmer-|aser gner 1s

wor t hy OEtEQEefﬂmEEQEEEH fﬂrh%@:ﬁé&qru&%ogﬁenasafaébfdel@saxéeeer chamber
of an exciner |aser aligner. 5 Fig.5 shows an outline draw ngs of the |aser

chanber . sAgeshown in Fig.5, the |aser chanber 1 conprises two stainless
housi ng nmenber 13 , |Id ( and thehousing nenbers 13 14 are sealed with an
O-ri¥m 15. A cathode 18 is fixed to the housing nenber via an insulating

body 16 and a cat hode
Background of the Technology

Various kinds of special gases are used in semiconductor
production processes, and most of them exhibit corrosive in
themselves or they react with moisture in the atmosphere and

15 are formed into substances exhibiting corrosiveness. Usually,
chambercss for handling these special gases., piping therefor,
valves essential for supplying the gases, or the like are made
of stainless steel, and have such a demerit as they are easily
corroded by the above special gases.

20 Moxeover, a semiconductor device has increasingly been
improved in integration year by vear, and the dimensions of a
unit element have also been decreased year by year as the
integration is improved. As the unit element is decreased in
dimension, dimensions of a pattern to be drawn on a silicon

25 subatratc in the semiconductor manufacturing process have
become extremely small, and it is becoming difficult to draw

required lines with an aligner using g-line and i-line which



10 supporting nmenber 17. An anode 19 is fixed to the housing 13 vi 2 AMAY 2003
anode supporting nenber 20. 21 is a connector for connecting the cathode 18
Wth a pulse oscillator (not shown in the figure). Mreover, 22 is a

seal ing nenber such as a 0-ring. 15 In the | aser chanber 1, a blower for
circulating a gas, a heat exchanger, and other devices (not shown) are
arranged. 27 is a pipe arrangenent for fluorine gas supply |line nade of

st ai nl eshamedonvgnihanalln usedevi ce) the inner wall of the pipe zo

arrangenment 27 for the dilute fluorine gas sugglg | i ne made of stainless
steel . the innéPTdhis SPASER hBRsPRGEIMER-1ageL Alignen d 4 WoFthyaPFs of the

devi ces arranged in the ¢h er_.1 reacts w.th_the uorine gas, and the
f1uorine e B Rﬁfrﬁs‘?ﬂ?ﬁupliﬁ%ﬁ%@é&ﬂeﬁa? tlsi%l]glief‘{ %‘Etﬁ iaf% §?‘5‘B‘$ Tsuppl y
the dilute_fluoring Sy.25 T fare, in the present situation, the gas
pi pi ng 2% o?nt%(:]d?%t]eaﬁﬂo%f eglfafs supply line has been made up f first

d.th th j i . ; : i fo 2
) andgt hen e}diéﬁ:slﬁ&?rér{'eo%r{@%%ﬁ'}}i' ti%ﬂd alhs SHARbY.line) to

2 2 MAY 2003 let uorine gas react w e 1nner wall of the supply

line beforehandyd osnbie USEFifoveVehe iihses ichRABERIrbhE domipRigedl @wd
sem conductor production |ine for the pre-reaction period. Mreover, even

in 5 the ptLinkass atb sy Wndmbads tLthe 1eacindrbpr nensidsg fuemhers hat,ween t he
fluorine gas and the inner wall of the supply line during use, as a result,
it is difiacatd sataljgewdth an oseindia sdi | At eathods I8 igasizedbid ithed i n
density or the like. In order to solve this problem the applicants of the
10 presenhousyegt imembenyevispean ednsviatintaedddn ol6oranski &i torthnde
reactivity of a nmetal surface, and as_ a result, theg(af ound out that it was

possilfl e FBPPOERLBIPBSBPGE L7 athn fanpde dd 46 £AKRANEQi Fe MRS rlosi on

resi stance agai nst corrosive gasses, above all fluorine gas b ki ng
fluorine Ya8 it ysPBBBng?)g Wgﬁrstzz?l'nl s"§t8e|°°§\5‘%f:§(? f%%

fluorination at.a sufficie e r re for il mof a netal
fluoride 5§ngeﬁﬁﬂgcg%oﬁ%§$?&3Wtﬁ ﬁegﬁ'@'ts PeS?F%S%ﬁ.&g ?‘?%%%phmgrh

at nospher .0 N gl gas) and they already applied for the patents based
on t hese ?vagﬁgi g%gﬁﬁ%f’er to the Japanese Patent dU Provi sional

Publ i cati pR$eévé83983 (463942h1988) medbll38abh(adlaRh-ping. 1 991 ) ( and
5-331.1 5 ( 331.1.5/ 1993 ) ) . AS the result of their continuing research

for npsv technol ggythehEasepldicaitier af, ahpkéwe Vi icArEulatengodngasut the
followng fact. 25 Nanely) any of the passive state fluorinated filns
a heat exchanger, and other devices (not shown) are arranged.
27 is a pipe arrangement for fluorine gas supply line made
of stainless steel.
However, in such a device, the inner wall of the pipe
20 arrangement 27 [or Lhe dllule fluorilne gas supply line made of
stainless steel, the inner walls of the housings 13, 14, or the
outer walls of the devices arranged in the chamber 1 reacts with
the fluorine gas, and the fluorine gas is consumed. As the result,
it is difficult to stably supply the dilute fluorine gas.
25 Therefore, in the prescnt situation, the gas piping 27 for Lle
dilute fluorine gas supply line has been made up first, and then

the dilute fluorine gas has been filled in the supply line, to



applied for the above patents are not |less than 500 [err] in thickne32.MAY 2003
When the passive state fluorinated filns have such 3 2 2 MAY 2003 a
thick filmthickness) firstly, nmetal deposits are produced al the tine of
wal di ng the gas piping or the Iike and the produced netal deposits stay in
the piping as particles. Secondly, when a thick passive state fluorinated
filmis fornmed on a sealing 5 surface of a joint and a valve seat face, it
causes | dakatkedftuering gasFeachavituihe ingezowaiddr afatiie ssuppPkyn be
considered that the passive state fluorinated filmbe renoved fromthe
wel di ng pire beforehaeAdfag, thadushat the passive state fluorinated film be
formed 10 by masking only the sealing surface of the joint and the surface
of the val ve sBaveveRowdields HERRPSHEHEIEhRRETakK R PPBUERRENGESL and have

been difficuylt for practjcal,use. Above all, it has taken a great, anount of
PTme Lo BERAREEOPIELRS Ao T oA t it REEdofly MOFSREE o SWEF dod B

o oviie Eha M Sl By TRV Rl D kSRR PR
ther eon, puleln! n8FYudPsRORMS ual B8R RS- Bal 1P6L AL SBBRh iyl BRe CVen

though it is welded, and to provide a device using the sa

pur poses gakihly SsbNVeHtd o418 ,ak $01 & Qi@ e atgpﬁéeéﬁt dLdkeCorbED Wi th
t he passive state fluorinated fil mthereon which does not cause | eakage
even if HhgukesFlvweordnd gad wiabiatieed ihmdepsioymed ehet hgkeeal i ng surface
of the joint and the seat surface of the valve, and to provide a device
usi ng 25 the sameoridesclteswodvel this problemontie app2ibBNt2008' tHae
stainless steel coated with the passive state fluorinated filmin
accol@anpresent thvent hor havenreégeated zesearehdsiintioheorresivitst andpart of
the surface is coated with a passive state fluorinated filmof 190 [err] or
| ess i n FoAGTINHASS ofopadieiah Fustans.afnf| 393 gesudta ey fovwnsoRbAt . Hare,
as stainless steel, austenitic stainless steel, ferritic stainless steel
and ot helth&tailt wes BpesiblanteSPIed Rapadval FiatsdidarginatsdzE31BL s

f f h . di his i ' '
Pl tor | nati@y B (999 GoFEPREan oot Ra tandpnrdaehelobptrBRivEr §a3kBhk noss of

th i f j fad | i =~ Th
e, PasSIatid 818 (HGHLIAL B/ Ll Bty FRASC 100 BRI e LPsBareThe
critjgal Wallg sedfhbEss iSteNCEhPEIBEGRY B1abStndethdltl & sufgrevedt 15 As

for alower Iimt, 5A are preferred. The reason is that a filmthinner

than thi sdppesfitEUl do @K itHerdord af Ehilin dbeafmded@t i Adfiddagassi ve
state fluoride is preferred to be perforned, for exanple) in the follow ng

met hod. Anfrdi dofiponends| andaf ageer shektrekehtihghethily 2@1al exdrahnytic
polishing or the like, and then it is baked in d high-purity inert gas (for
exanpl e, atnospleeye awfem insnttumasst enfi tbeyeabveadyiappkiced diverthef rom t he
stainless steel surface . 25 For an inert gas, it is sreferred to reduce a
densi ty datents based endhese iBventiens d Bfsibtethe-dapanase Pafendi ty of
20 Provisional Publications 2-263972 (263972/1990), 3-213656
(2136RA6/1991), and 5-33115 (33115/1993)).
As the result of their continuing research for new
technology, the applicants of these inventions have found out
the following fact.
25 Namely, any of the passive state fluorinated £ilms
applied for the above patents are not less than 500 A in

thickness. When the passive state fluorinated £1lms have such



20ppb or less is nore preferable, and | 5ppb or less is nost 5 2 2 NAYIAY 2003
2003 preferable . following the above, a filmof a netal fluoride is

formed, at least, on a part or the whole of the stainless steel surface
(fluorination) . S For a gas at the fluorination, 100% fl uori ne gas or
dilute fluorine gas with an inert gas is used. Then, for the gas at the

o a:eiugﬁ’i&i&: £13a] Eﬁgéﬁg{%g%o%ﬁﬁgafYFa@e%‘ég&%% A &2k BERREERRont ont

_ f _ Hn S5 _

'fb S Ther § Y@'ﬁf Do, 0F freTadR8 Mo Spd St B2 fle LIRS aniotie bYogRE: Eltr ot 3
50C i . .0f 100 : ,

t enper ?f’ fpetad §po8R s MPIALICD: BindHe BA-ERd1E2 SARMfaRY PLERRD ;| 2

is prefer

tinme for arsgﬁlkﬂ ssg%’esgﬁﬁ{:érfim&&éﬁ 'f;'l.tl‘ﬂtsgféfo_r gdtikfigga&im tion

mnutes to 5 hours Is nore prefera ness of the

passiye Haleadd W ian?ﬁché idd8 GRSy WHlAtOIHaRE DY tViakisBd hBBkage
tenperature, tine, and density of fluorine in the inert gas at the tinme of

fl uori natdiyarasip tRpestsane Jsabiexanpl e , when the fluorination is
performed for three hours at 150C by using 1% fluorine gas diluted with

ni trogen gas, asl8Buhbbekcpansbre iM aar Hd donsnaéred ftnlat tise pasEde Heat
treatment at 50 C or higher after the fluorination is 25 preferable, and it
i's nore prisfty flvetinateddftintbe remoyedefiromtthe0@eldingOeX t bafioreat nent
time for 10 mnutes or longer is preferable, and that  for 30 mnutes to 15

hours is Wekding. andthpkthe Passivecsipfe Limarmaiad £im by dogmede

Drawings Fig.l i,s a drawing show ng an experinmen tem for 5 neasuring
part 8] esbif:g‘ﬂﬁﬁé“Gu‘?n{aY theeseq ?-B%gsd’[rftaﬁ@ ‘bf ﬁhﬁgg‘éigéranidt Llﬂ%@ﬁé@r?et reat ed
by fluorinated passivation and wel ded. Fig.2 is a graph show ng the

rel ation %ét‘g\%%nv i‘ée seat.

However, both methods have lacked productivity and have
been difficult for practical use. Above all, it has taken a great
amount of time to complete the piping arrangement because it

15 has to be welded at as many as hundreds of points.

The purposcs of this invention are to provide stainleees
steel coataed with the passive state fluorinated f£film thereon,
which is easy to construct and does not produce particles even
though it is welded, and to provide a device using the same.

20 ‘'hne purposes of this i1nvention are also To provide
stainlass sterl coated with the passive state fluorinated £ilm
thereon which does not cause leakage even if the passive state
fluorinated film is formed on the sealing surface of the joint
and the seat surface of the valve, and to provide a device using

25 the same.

Disclosure of the Invention



thi ckness of the passive state fluorinated filmand the particle ‘
production. 10 Fig.3 is a drawi ng showi ng the experinent system for2 2 MAY 2003:
nmeasuring | eakage froma sealing surface of a joint treated by fluorinated
passivation. Fig.4 is a drawi ng showi ng the experinent systemfor nmeasuring

variations in i@ fLeaihiesgasiiasseartll ik NefelBdddil - sEhfe 5 shows
a cross ,s sectional draw ng of the excimer |aser chanber. Fig.

cr 055~ Seql Ak MAaa 2910 1he $68bra2hYE. ibh 7 4K qrn%aﬂ%t ' an'
drawi ng of the filter. ZU (Descriptions of the MarKs) :

stai nl eS¢t zed6ndedaPadt 32t a FaFt idF %h&‘i‘?ﬁis'féé‘& 1§1%BE‘dEﬁ”t 201 :
Joint treated by fluorinated passivation 2~ 202 . Nut . Gasket 204 .

Joi nt treatigd @yﬁ%b‘%é n%‘tﬁ‘éep%&%'oﬁh'a‘l'éﬂ film ?OMYQG?QO%Eoﬁess Mage nut
206 . Helium | eakage detector zO7 . Helium gas bl ow ng point 301 , Fluorine

gas i Bl etthicminds 8bns Iy eigsyref grtpd Fhorilkdd asr armdd nokcosbaneness st eel
30d . 1/4 inch stainless tube 305 . Valve 306 . Vacuumoutlet 10 307 .
Exhaust port 4@®re.Vals e talinldssl\suEL, Abisfenidge 5Fainieisist sitesdl .
Filter menbrane 15 502 . Housing Enbodinment In order to explicitly explain
the techfieitionstainlesststiael nsedoither)stainkads sxanpiey be &seder act ed

and shown_as the ch nigsdl ment of th| s inhvention however this invention is
not to be*SRARFIFLIRd TSI VnudiTitfls is preferred for the use.

According to this invention, a passive state fluorinated
10 film is formed on the stalnless steel, and the thickness of
the passive state fluorinated [ilm is made Lu be 190A or less.
The particles produced at the time of welding decrease sharply
under 190A as a critical value, and sealing performance is
also radically improved.
15 As for a lower limit, 5A are preferred. The reason is
that a film thinner than this is difficult to exist as a £ilm.
The formation of the passive state fluoride is preferred
to be performed, for example, in the following method.
A stainless steel surface is mirror-finished by
20 electrolytic; polishing or the like, and then it is baked in a
high-purity inert gas (for example, nitrogen, argon. helium.
etc.) to remove moisture content from the stainless steel

surface.

25 For an inert gas, it is preferred to reduce a density of
impurities such as moisture to 50ppb or less, and a density of

20ppb or less is more preferable, and 15ppb or less is most



(Enbodi ment 1) Fluorinated passivation treatnent is conducted on t@g M)ghnm
wal | of a SUS316L stainless steel tube of a 1/4 inch 25 dianeter, Which iS
mrror-finished by electrolyfiic polishing) under the conditions nmentioned
in Table 1. The fluorinated passivation treatnent is conducted in the
foll owi ng procedures. 8 2 2 MAY 2003 1) The above-nentioned SUS316L

st ai nl esprefetadidbe is heated up to the preseribed tenperature indicated
in Table 1 in a current of nitrogen gas. 2 ) The nitrogen gas is changed

over to fluori migasyitRePhatbidie Saaidvtot Retal ¥aokiakagedrmaad t he
stainl ess tube surface is nade to react wth the fluorine gas for the

prescri betk leatshonm iparfabretHe whollefbf athd Beaflhlieoss net sl silr€askai nl ess
tube surface have been nade to react with each other for the prescribed
tinme at th@Eludcinasionbed tenperature shown in Table 1 ( the fluorine gas
i s changed over_to the nitrogen gas and then after-heat treatnent is
conduBt ed for tBRE BraasAthele filgerinatienp iy fhaarive9asaey ddlat6wn in

Tabl e 1. The passive state fluorinated filmdges not contai.n 15 hydrate but
has a corﬁ)]o%‘?ltp:‘-‘b‘?'l I okt e I Ap ek 988y LFguge toT‘&W?or?g‘f’? ia%‘er %qsoe&fer e, the

diti for. fluorination,t t tjoned in Table, 1 | es,
2nd the {EIDAHTE AP B hoy DL CHANOAT Heerabat UiRE B adest Ban 111 m

t hi ck t.a] | . F)_uoLi pat J . and
t e1opc LA oy Miechit Gieh £ osStBret BRa' Gl R 4 SbptP- an
ti me300C, od 1ok 3aRSuriley haskterlt |18 Wyrekrasstable, 18Ra1808adafitapgh of the

sanples 1. 2. ten pieces of stainless gas tube 101 (Fig 1) Wre nade,
respaot i vesypbByrusesg iMpuifBy content is further more favorable.

Temperatures £Or the fluorination are preferred to be 50°C
or higher. and temperatures of 100 to 200C are mare preferable,
and temperatures between 120 to 170°C are most preferable. A
fluorination time is preferred to be not shorter than 10 minutes,

15 and the fluorination time for 30 minutes to 5 hours is more
preforabla.

The thickness of the passive state fluorinated £film can
be controlled by varying the temperature, time, and density
of fluorine in the inert gas at the time of fluorination as

20 necessary.

For example, when the fluorination is performed for three
hours at 150°C by using 1% fluorine gas diluted with nitrogen
gas, a 190A thick passive state fluorinated f£ilm is formed.
Heat treatment at 50°C or higher after the fluorination is

25 preferable, and it is more preferable to conduct the treatment

at 100 to 400°C. A treatment time for 10 minutes or longer is

preferable, and that for 30 minutes to 15 hours is more



9' 2 2 MAY 2003 pieces of gas tubes 101, they were but-wel ded at 923d/ 2003
at a rotational speed of 30rpm After welding, one end was coupled to a
particle counter 103, and the other end was used as a gas inlet 104 , from
whi ch argon gas was introduced. The argon gas 5 was introduced, and thereby
t he nunber of the particles com ng out of the gas tube 101 were counted by
usi ng a H crePRESBUBE GAS PROBE 103 of PARTI CLE MEASUREMENT SYSTEMS, | NC.
Here, a flowrate of the introduced argon gas was set to Olcf/mn, and the
particle dianeters to be neasured were set to 0.1 mor 10 |arger. The
result of the neasurenent is shown in Tables 2. As shown in Table 2 ( no
particl es ReiefpPegcrdptiram ke tbgnPrawingg stainl ess tube with 190 thick

passive state flugrinated fiInF.,Fron1the sanple 2 (a stainless tube with
10001 thick 15 p&dSi-de it o cOFRPUSRENENOHING @R  eXPRTimpn Nty 5T

gf‘rai o 17 uoPRRSEEAAE bA FLSLer SoMias Tyt oCTiie %@?d@?%ﬁeiﬂy&%ﬁ@g%: "

| i . .
p eces (1 P B bR rﬁﬁ@%@”@?@?%&""%ﬁ&?ge%’%‘?."?ﬁﬁﬁﬁi Aihceetdaic” =) 20
eces(_ {1 11 PRICKIESS _ gl _
by varying the 1 Fa8natba ¥ i FRETR; Spesaes roRf oo AR b WEREAP EhED DU

the time aRdilRMRAIAEH A Pisd e Hiraesi MAldiihatdd £iZm AnPheBABtEYe?.
shows the result. As shown in Fig 2 it has been nade clear that bordering
the thi ckngzadictiYh. the passive state fluorinated fil m does
10 Fig.3 is a drawing showing the experiment system for
measuring leakage from a sealing surface of a jJolnt treated by
fluorinated passivation.
Fig.4 is a drawing showing the experiment system for
measuring variations in the fluorine gas pressure filled in a
15 filter.
Fig.5 shows a oross scotional drawing of thc cxoimer
laser chamber.
Fig.6 1s a cross-sectional drawing of the seat valve.
Fig.7 is a cross-sectional drawing of the filter.
20 (Descriptions ot the Marks)
101 : 1/4 inch stainless tube
102 : Welded parts
103 : Particle measuring instrument
201 : Joint treated by fluorinated passivation
25 202 : Nut

203 : Gasket

204 : Joint treated by fluorinated passivation



not produce particles when the filmis not thicker than 190 5 I~ Wile it
produces particles when it is thicker than 190 A ( Fmhc~7 i rnzﬂ1f2:aé%
Under the conditions for formng the passive state fluorinated fil'm si '?@3
to those in the enbodinent 1 ( a passive 10 state fluorinated film was
formed on sealing surfaces of joints made of 5 stainlass steel. As shown in
Fig.3) tgg j?iﬂﬁiezgﬁi 204 were abuuted on each other via a gasket 203, and
ti ghtene By a nut 202 and a nale nut 205. A | eak detector 206 was

connect edopi thyeAguhNdeadRagt hBeegasket 203 to neasure | eakage fromthe
sealing surface parts. The'result is shown in Table 3, As shown in Table 3,

| eakage dog RoHeaxamedakhelbpwagt pdehectable limt in the case of the
joints with a passive state |0 fluorinatea filmof 190 h or less in

t hi cknessolon Fleoatiner gasndnlle¢apage occurred in there case of the joints
with a filmof approximately 1000A in thickness. In order to use the joints
by gi¥i ngohemPressygievaasggt e fl uorinated fil mof about 1000A in

t hi ckness, they had to be 25 fluorination-treated by masking, for

exanpl e, 8198 §eépﬂﬁ@rbgpp§ Of sHeindeqes st6eprevent the passive state
fluorinated filmbeing formed on the sealing parts of the joints, and had
to be 11304 : Wjdy W95l Stad® & Penoval of the masking. However, in the

case of hi n ssive state fluorinated film even if the sealing parts of
t he join?%EMErvgﬁﬁf ed with the passive state fluorinated filmthereon. the

joints e t ed i igient performance 5 without | eakage) therefore)
it has bé@% doa}lrﬁ&h qﬁgfﬁ%his elimnates the need for masking the sealing

B ot 1 N R superi or i Ty, (Table 3) Thi ckness of pass ve-
state flugd natag Jd lwdaakagsthin film (about 15U ~)None (not nore than the
401 : Diaphragm
500 : Filter
501 : Filter membrane

15 502 : Housing

Embodiment
In order to explicitly explain the technical contents of
this invention, typical examples are extracted and shown as the
20 embodiments of Lhls lavenllon, however, Lhls lnventlon is not
to be restricted to the embodiments.
(Embodiment 1)
fluorinated passivation treatment is conducted on the
inner wall of a SUS316L stainless steel tube of a 1/4 inch
25 diamcter, which is mirror-finished by electrolytic polishing,
under the conditions mentioned in Table 1. The fluorinated

passivation treatment is conducted in the following procedures.



l'owest detectable limit)Thick gilm (about 1d00 ~)I| eaked 10 Leakage 12?3%35%003
detectable limt : 5.62 x 10-11 (A-ce/sec) (hnbodi neat 4) Under the
conditions simlar to those for the enbodiment 15 1, fluorination

passi vation treatnment WAs conducted on a seat valve main body 40l shown in
Fig.6. A valve was nmace up by building a di aphragm 4uu Into the val ves main

body 4(11.,, zh~ .= 1 aak~dgA twgt ~S ~~rri, A~ nnfi np tha valve to_neasure
| eakage frlam!ﬁ?eagggfe'ﬂgp?‘.io \éﬁeﬂgg}‘fﬂéﬁ% &eﬁtﬁ?f A9 d8gheaked

StioW - 11t TR SPCHS PReRapibed PRRR=roke 1ptlearRdctn ekde defact abl o
limt with the | ve o ssjve state fluorinated filmof 190 or |ess
in thickness,_ Whi n\é: Ic’gj'a\Iﬁ‘a(j:il‘gq:er'%f%(’%l 57 MAY 2003 occurred with the val ve

by givi ng 2 nemnEtEepsa s A Prinp i e e uc I 0 Asfpih {08 V7' VoS

by giving tthem a passive ate orinate

thi ckngss ) tdwwe@dmperbeubeldneidddd Oantiread edabi188s kiue shpEalganpl e,
the seat parts of the valves to prevent the passive state fluorinated film

bAi ng forned ix ndde Teatrepett wich the vobsesie ajus had taebpresedivéaer
renoval of the masking. However, in the case of a thin passive state

fluorinated fiimg shown ifn tTableedt. parts of 10 the val ves were coated with

the passive state fluorinated filmthereon, tkiC vnlve5 cx~-wid~l [Imr

suLLi ci ent3 haAfdterihecthnonbne andithgestairlesptabe sunfacddavecbeénr med

that this elimpates the need for_ nmaski n%the sealing parts in the process
i

of the fluori®Rf¢ &R Feast mekth AR PHREX HoTnEhe presicrdbedat bre 3 Lher i nat ed
{11 mLalkage TRAPIT HRed AR St SFRERLE T Sdr e THa RRE P RERE
(ot eotabLe ! {1 (i dda L dh (Bhoulo TRRAISRIEL 'B¥ R aeReERh dRLC0t 201 ©
treatment 1s conducted for the prescribed time at the
prescribed temperature shown in Table 1.
The passive state fluorinated film does not contain
15 hydrate but has a composition approximately satisfying a
stoichiomatric ratio. Here, tha conditions for fluorination
treatment mentioned in Table 1 are examples, and the temperature

and time may be changed as far as the prescribed £ilm thickness

can be obtained.

20
(Table 1)
Sample No. 1 2
Fluorination temp. and time| 150°C, 3 hours |200°C, 2 hours
After-heat-treatment 300C, 1 hour 350C, 10 hours
temparature and time
Film thickness(A) 190 1000

For each of the samples 1. 2, ten pleces of stainless gas

tube 101 (Fig.l) were made, respectively. By using the ten



(Enbodi ment 5) In order to evaluate the performance of the passive gtausy 2003
fluorinated film reactivity with fluorine gas was investigated by using

the titter made of stainless. 13 2 2 MAY 2003 In this exanple, the filter
as shown in Fig.7 was used. Nanely) this is a filter AGO conprised of a
housi ng 502 a~~d a nenbrane fixed to the inside of the housing by welding.

TR AR T T T T T S
o1 mLor Cordbiionsehs et docthe SRbodl Wb OLILC BN BASe®

filmare ngf f goERdcil YBARLEECRA Sdnd Bne Wi End HEsSUSEEBSROYRsI N Fi g.

t
n
4) and after the filter 303 was FI||egWIth a mxed yas o= 1~ fludrine and

99% neon, ifienas deef Erbfi whiBhesegowefhd Wik 2RErédeded heridagigopr gasur e of
the filter 303 was neasured by a pressure gauge 302. As shown in Table S,

no chasge wis iphseduesdd,nahfctiprsstathelumed o€ ahe pritdrcidwe comihgng on
the filter given a passive state fluorinated filmof 190 A or 1CJJ forned
inciac ) oot mf rtdqsogasntwubehl@hevdre countedabywasifie @ IGHn PREESHRBer

hand. the inner pressure decreased after the testing on the filter w thout
t he passi VeAStRREEE |15t 9 FARTLALEY MEAGUREMRHT $FHEReMDutINhat HEESUt 3Z0 sod
of the fluorine gas rillect in the filter reacted with the inside syrface
of the fil¥EPW I&L&HE e intHedured 2E3eR 9assVaE Sl ER & Yo iMbbs@nde state
fluorinated fil mhas_excellent corrqQsion resistance to fluorine gas , it is
possi bl e t@%t%%ﬁ/“él:?}p‘?ﬂ?‘n‘ée‘ﬁ u? f{?f'e npaswed, Yebh: Sehahyed i h48eRSity by

gi vi ng o he upply systemthis fluorinated passivation treatnent. 14 2
> vy B003  FrgEf & 5)

The resull of llie measuremenl is shown in Table 2.
As shown in Table 2, no particles were produced from the sample
1 (a stainless tube with 190A thick passive state fluorinated
£ilm). From the sample 2 (a stainless tube with 1000A thick
15 passive state fluorinated £ilm), a large quantity of particles
wcere produced, and it hae been confirmed +that a thinner passive

state fluorinated film has superiority.

(Table 2)

Sample tube for fluorinated | The number of
passivation treatment particles detected
Sample 1 0 pleces

(film thickness : 190A)

Sample 2 60 pleces

(£ilm thickness : 1000A)

20 (Embodiment 2)
Tests similar to those in the embodiment 1 were carried

out by varying the fluorinated film thickness from 50A up to

100A by varying the time and temperature for the £luorination.
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Fl uori nated Chargp~7 prP~~r. A of 1% Pressure after 70 hours passivaRiDRAY 2003
fluorine gas (Tort) left (Tort) filmGven 760 760 Not given 760 754 The
avai lability on the industry A-nnr~in~ to th.a invention, divan a thin
passive state S fluorinated filmonto the supply Iine of the gas of the
fluorine series, it is possible to easily install piping and stably supply
the gas. 15 2 2 MAY 208 _What is. clained is: 1. S ~aiiile5s 5 ~eei wth a
passi ve st at eFABudr SRAMNSd thel keFYl¥ed t hereon, characterized in that the
passive state fluorinated filmconstituted of a yetal fluoride as a main
conponent is PdrfBAVRAAD g F-hiEkhe? Besdsmafefl¢andhat Barfesinne surf
ace . 2. The Etainle~~ ~t e%l el ai . ncd_avvor di ng to ¢ acterized
8 & §s

: I agrrél . chgr
in that W& Bhpekerss f 300 A4 1 Jhe RaFEIVRiTEALS T LUPFIRREBE £ iHaLaB
heat -treatment jn _an _af pher f an inert .gas _after netal f ride film
has beeﬁmftoﬁﬁ%i“&? I?@i‘-ﬁq%éﬁst "‘f%r?%a “Zﬁsgn&ﬁé“ ﬁ‘%nﬁgghge:gécggﬁt %ﬁﬁ?n%ggl uor ~ne.
3. The spai epkofhabEe AL N dndh GdliR thatxér tRaRagherized in
thatEat Iéag%ﬁg'ésa'trtf g%g lf)lart g? sal dﬁépglassr% ve ste;{'te hq'uorlrnat e({] ??I mis
constituhed of a layer of iron fluoride as a main conponent. 4. The
stainless steel clainmed according to claimcharacterized in that said iron
fluori de{Rmhcanimaron ) uori de approxi mately satisfying a stoichionetric
ratio. 5. A device characterized in that at |east a part of the conponents

is provided wilrnder wehdi mpnstrttions dfoy fhoméng tihe spasshvessteteel
according to any one of clainms 1 to 4. 6. A device characterized in that

t he surfBkuoninated fidmgioailar 6| thesidithe esbadiment lofapagsAyel to 4 is
used as a sealing surface for shutting_ off gas fromthe outside. 7 . A
devif-e wREREITOTGNAGEAEIHRWASSEQEMES on §aling surdaces of JoRRtTy a
?g\éizfieo];fgg agfsé_&rlﬁ f&sg Qg;’t',_f? for gas supply, or a device for gas
As shown in Fig.3, the joints 201, 204 were abutted on
each other via a gasket 203, and tightened by a nut 202 and a
male nut 205. A leak detector 206 was connected with one end
15 of the gasket 203 to measure leakage from the sealing surface
parts.
The result is shown in Table 3.
As shown in Table 3, leakage did not exceed the lowest
detectable 1imit in the case of the joints with a passive state
20 fluorinated film of 190A or less in thickness. On the other
hand. leakage occurred in there case of the joints with a film
of approximately 1000A in thickness.
In order to use the joints by giving them a passive state
fluorinated f£ilm of about 1000A in thickness. they had to he
25 fluorination-treated by maeking, for example, the sealing parts

of the joints to prevent the passive state fluorinated film

being formed on the sealing parts of the joints, and had to be

11



_ _ _ 22 MAY 2003
2 2 NMAY 2003 8. A device accord~.ng to claimS or 6, characterised in that

said device i3 a gas cylinder, a gas piping, a reducing valve, a filter, a
flow meter, a pressure gauge, a nass-flow controller) a valve) a check
valve, a joint, an RIE reaction system or a CVD reaction system fvr

handl i ng corrosive gasses . 9. A device according to claim5 or 6)
char act er igssll igF tdnireiiivh 0 OF el Madkexgi NRowevSE] 16 AiHd ¥l o0%/a

. Af . AYAF. A AY. AF9. AF{. A A
yy. A . A3y AAdiApAAsAveYs A8ty . £ ud ekt Bl 16’ axssh REVELE digald paktsal] cal ¢
aU] cal] caU] caU] cal] cal] caU] caU] calU] ca] caU] ca] ca] ca] ca] ca] cal] ca] caU] cal] ca]
cLa] ca] caldf allee winddeWére coated with the passive state fluorinated
~ytoj e [ Vca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca
] cal] cal] cedlw aifeazdr.ajbe] jo ik s afertidd fheiFrsuificient performance

1f I " LMNPQ=zupkf a\ V\a] ] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] caUPca] ¥k keakage a| tharefarnf calsahas| keen R thetwthiBs] XSkf] ¢
ajcalcalc ca ca] ca] cal] calll ca] ca] cal ca]cal]c ca] ca] cal] ca] caU] cal] caU
] caU] cal] C%Jcﬂ- 2&ef c khea] 25pda TR ATNINE Hhe, s ?fl parts in

L il el sl walae
o Shamed ali e aalaplepenianco ol <o ool oo

I(k(CCCCCC(rable)d)) ~ysnmoal V{vql gb] XcU] ca] cal] cal)] cal] cal] ca] cal] ca] cal] caU
] ca] cal]c %WWWH caljca),)P)Q
) [) ) m a) pTRIFERRFF) PF) Jpgssive sstata pheakagRf * zU{ val gb] X] cal] claU] ca] cal] ca
U] ca] caU] cElhoninatkda€lidm calUl ca] caUl ca] call cal cal] ca] caUl callfca] caU] ca] ca
] ca] ca] cal erhaaEl QnXt &bltiat L YUR ) * ¥ * * [ Rofie+Rnot+miore , thans el VPU] cal] cal
caU] cal] cgq] ca] ca] ca] cal] cal] ca] cal)] caplenebtafieesd tatid e almeild U] cal cal] cal
cal] cal] c T CRE Gk GaUL6 a1 gooRk fI- - { 16aked. . . . /TTTNTTTTTTUX000000zt nhc] W
QUU] cal] c Jf;ﬁca aof bﬁkﬂécaqbabfb% ga' cal] cal] ca]
cal] calta]l ca] ca] caU] cal] ca]ca]caU ca] ca011111111"2%$2' 252r 22203q333+4f 49444#
5 55566/ 6zupke’ [ UUU] cU] ca] ca] cal] ca] ca] ca] ca] caU] ca] cal] ca] caU] caU] ca] ca] ca
] CaU] ca] calLeakege| dalpwaskcaptactanle limit : 5.62 x 10-11 (A~ cc/sec)
U] c”a] ca] c™a] caU] ca/ 6E6S66666667Q77777777881888888899| 9999~xsni d*XRUUU| cal
cal] ca] ca] ca] ca] caU] ca] cal] caU] cal] ca] caU] cal ca] cal] cal] ca] cal] cal] caU] cal]
ca ca] ca cal.c ca] ca9999: | : 0; 1;

U] <C]<l\/kﬁé%a5i°° g]"‘ 5‘5 2"3]4 v}okf al[ VUUU c] ca(U] ca] ca] ca] cal] cal] cal] cal] cal] caU
] cay caj cal cal cabsaleateglanlonlealostheriea enbeslaathradagd aitdoa-o-=-
>G>>>>"?97?| 2?2?7277 ETeeee BEBHB} wgke™ ZTUUU| U] ca] cal] ca caU] cay
ca] caUsa] agUkzabeahatlienl pastceatade dté@]tﬁ(é@]tcebﬂs @mddxft]d ealhcad£ml] caj c
al] cal] caHBKBVMBXBBBBCCCYCCCDVDDDEGEEEEEEEEFFFFS5F{ upj e_ZTke™ ZTUUU] U] ca] cal] ¢
a] cal] ca] catdica erddlrc ddidya\dodadhoatd] daUFdglUbcal] caU] cal] cal] cal] cal] cal] ca
cal] ca] cal] ca] ca] cal] ca] caSF7FOFRFVFYF{ F} FFFFF! GHGKGNGPGRJF G GGG
HAHHHHHI BI | | ~xr | gbyARvEBY3a|made apc by utlictuna aUltaphed e Yudaload] o) ca] ca
U] ca] cay caU] cal] cal] caU] caU] caU] ca] cal] ca] ca] c”a] ca] cha] cal JEJJIJIKLSL[ LLL
L L MEM@VCVPIVENFYS LQAqI"\‘“a\ v prrge d1Asd] t’aFJ] ey eatcav i cal] ca

SRk e LS G A R e

cal oal g LSRN N8 A S SAF iehﬁaggal caly calj ca] cal calj ¢

TSTOT{ TTTTUU( V+V:

caj ca] caj ca] ((:a] ca a] cai cai cai ca[ﬁi cai ca]'rl ?’Ezﬁ gg] gg cg?ég?g]a]:gza]:gg] g:h}cg]ﬁ
U ca "tvikK- YSlO(V ﬂg‘ )'T%b 1-:09{“& il & e/“gﬂ.(d Mol excesd the

310%' () - y&Y10%& () f10° & () \:/')bl K- T09%&' ()-S109%&' ()- 310%& () @10%& ()-

10%&' () - 108&tdatabled ' imitbekl tal GREY& 13 #§0%Eén()a S, aﬂs%%&e()sta{éo"/& ()
-sy! 109&' ()- s*109&' ()-9! 109%& () - dexnbCl09®' F109%& ()- 1
10, L<t 109 £)uoFiAf8Ed (§1hm HER90)A S Q%&'s( X n CelirdkHO% mee( )Leakage
1098 ()-t10%& ()- 109& ()-109%& ()-109%& ()-P  dEmMbC10% 109%&' () -
1098 ()-sYSH10%& ()- 109%&' ()- 109&' ()-& 109&' ()- 7r dEanlO%)*S#lOO/&' ()-Y
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10y<s10%&' ()- 7 109%& ()- @ 109%&' ()-s3SHL0%& ()-,! 10%& ()-s

1f aBYNCL09% y" 10% & () -1 10% & () -

10% & ()-L10% & ()-L!10% & ()-!{% *10% " & ()-"dEYNClO% 10% & () - #10% & ()

-10% & ()-s10% -9 10% ' F110% & BYNC10% 10% ()-l>@
109%&' () - c&s%i !%thﬁ W% (‘30%51509#& 5! M—i&a B a5 Abowt 1809A/NBL0% 10t

10t 10t S|<109 & () -1 7! 10% & ()-y5! 10% & () - Y3z#10% & ()- 1

10% & () *HATRBIR®r p° 3" y#10%<d<& () - ! s#10%<& () - ! ye#10%mxnx& () - !t #10%<h

<& () - N#109B<B<&, 10%&'

10<§/g)<s 10%<& ( F‘?’g‘i%’é/ & t‘?eléﬁ %&&W)ﬁi"ﬂ*%‘ém%PE@WF"%%%KWK&' ()-

@ y#10%

Toayo 1 554E} nAtET E41m oF 2ot (1030AWER (ShickaRpr (heY BBE §9I8noiC
10<! IDY& £ holriNat i BHETE el dFls #&9#1 &(a}rsp 530/ 10% ﬁ 5 Rs2z[ 9KC
10! n, 2#10%Zg&f() ZlO%&T()e Y& 4%f#éé§f% . @P%Lié J@? @ xYz#10
UKKE () - BEPEheD Galdez@LE0 e&knh&iﬁﬁﬁgﬁEsiﬁgwﬁtﬁie £9udPinRted 0P®iMm) - 35
10% ()- V N!IdEbC 10'n3 10%& ()- F3"10%& ()-!10%& () -
"10%& () vEiaYtfoyrmad on the seat parts of the valves, and had to be
used after removal of the masking. However, in the case of a
thin passive state fluorinated film, even if the seat parts of
10 the valves were coated with the passive state fluorinated film
therson, the valves exerled Lhwir sullficient performance
without leakage, therefore, it has been confirmed that this
eliminates the need for masking the sealing parts in the process

of the fluorination treatment, and the thinner passive state

15 fluorinated film has superiority.

(Table 4)

Thickness of passive state | Leakage
fluorinated f£ilm
Thin film (about 190A) None (not more than the

) lowast detectable limit)
Thick £ilm (about 1000A) leaked

Leakage 1 lowest detectable limit : 5.62 x 10-11 (A * cc/sec)
20

(Embodiment 5)
In order to evaluate the performance of the passive state

fluorinated film, reactivitywith fluorine gas was investigated

by using the filter made of stainless.
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10! &10% & ()-F' 10% & ()- yl0% & ()-!1#10% /& ()-

#10%v& ()-Y10% & ()-&&$' =""''"'aBnbC 10! "10% & ()- @

910% & ()-!d! 108y &hip- exaopd €. (the fiigbher @s shownsln F1q 9l wWas( us@hC

10!/ 10%& ()-9- 10% & ()-

S 110%& Npmedy . thie &s(3-S4bbew {92 srorrdsed of) 2)h9ysing )5020wNg 40! 10/
10/ 10/ s;

s10% & () MeMhmane Eixesqt@ (Bhe dnsvide OF thevheueing) by ypidingsyNnc
10! F10% & ()-! _10% %&' é’) -
109 () - sf 104 &A PASEaYEestLe, Tbupringtad Sidn of: 13AM\Wag foymed on

109 & 1) T ops” shEbdce)of haed 11 ningrang goy anp tna gagtge gt o
1 Fiovce (T FEOmeRT o7 Shdes ohd igelar sofintipih B (Khddq o ene® 470
10% & () - GmboddmantlB-_ @ 1! 3 10%&' ()-' 10%&' ()- 310%% ()-, @109%& ()- s
109%%' ()- Z 109%&' ()-../N///dE~_@ 1!
g10%G& () -, | 10%&H (thel HAMe¥ Handl0UCE1(:eS#hoMESake -SWD%nH @ hbG¥AG00dE~_@
502 on which a passive state fluorinated £ilm are not formed
10 were prepared, to construct the system shown in Fig.4. and after
the f£ilter 303 was filled with 4 mixed gas of 1% fluorine and
99% neon, it was left for a prescribed time and then the inner
praessure of the filter 303 was measured by a pressure gauge 302.
As shown in Table 5, no change was observed in the pressure
15 ©before and after the testing on the filter given a passive state
fluorinated £ilm of 190A or lcss formed inside, and no rcaction
with the fluorine gas was found. On the other hand. the inner
pressure decreased after the testing on the filter without the
passive stdte fluorinated £ilm. and it was found out that about
20 80% aof the fluorine gas filled 1n the f£llter reacted with the
inside surface of the filter.
As obvious from this result, since even a thin passive
state fluorinated £ilm has excellent corrosion resistance to
fluorine gas, it is possible to stably supply the fluorine gas

25 without change in density by giving the gas supply syatem thia

fluorinated passivation treatment.
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1. SLdlnlEbb S5leel with a passlve state fluorinated f£ilm
formed thereon, characterized in that the passive state
fluorinated film constituted of a metal fluoride as a main

component is formed into 190A thick or less on at least a part

of the surface.

2. The stainless steel claimcd acocording to claim 1,
characterized in that said passive state fluorinated film is
a £film obtained by heat-treatment in an atmosphere of an inert
gas after a metal fluoride £ilm has been formed by heating it
in a gaseous atmosphere containing tfluorine.

3. The stainless steel claimed according to claim 1 or 2.
characterized in that at least a surface part of said passive
state fluorinated film is constituted of a layer of iron
fluoride as a main component.

4. The stainless steel claimed according to claim 3,
characterized in that said iron fluoride is an iron fluoride
approximately satisfying a stoichiometric ratio.

5. A device characterized in that at least a part of the
compenents is provided with a welding part welding thereto the
stainless steel according to any one of claims 1 to 4.

6. A device characterized in that the surface of the
stainless steel according to any one of claims 1 to 4 is used
as a sealing surface for shutting off gas from the outside.

7. A device according Lo c¢laim 5 ur 6, Cllaraclerized in
being a device for gas storage. a device for gas supply, or a

device for gas reaction.
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