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WITH PASSIVE STATE FLUORINATED FILM THEREON AND DEVICE USING THE SAME 5
Field of the Invention This invention relates to stainless steel with a
passive to state fluorinated film formed thereon and a device using the
same. Background of the Technology Various kinds of special gases are used
in semiconductor 15 20 production processes, and must of them exhibit
corrosive in themselves or they react With moisture in the atmosphere and
are formed into substances exhibiting corrosiveness. Usually, chamberss 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.
Moreover, a semiconductor device has increasingly been improved in
integration year by Year, 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 substrate 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 1   2 2 MAY 2003 have
conventionally been used. For this reason, an excimer-laser aligner is
worthy of note at present. Dilute fluorine gas is filled in a laser chamber
of an excimer laser aligner. 5 Fig.5 shows an outline drawings of the laser
chamber. As shown in Fig.5, the laser chamber 1 comprises two stainless
housing member 13 , ld ( and thehousing members 13 14 are sealed with an
0-ring 15. A cathode 18 is fixed to the housing member via an insulating
body 16 and a cathode 



10 supporting member 17. An anode 19 is fixed to the housing 13 via an
anode supporting member 20. 21 is a connector for connecting the cathode 18
With a pulse oscillator (not shown in the figure). Moreover, 22 is a
sealing member such as a 0-ring. 15 In the laser chamber 1, a blower for
circulating a gas, 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 zo
arrangement 27 for the dilute fluorine gas supply line made of stainless
steel. the inner walls of the housings 13 , 1 a , 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 present situation, the gas
piping 27 for the dilute fluorine gas supply line has been made up f first
) and then the dilute fluorine gas has been filled in the supply line) to 2
2 2 M AY 2003 let the fluorine gas react with the inner wall of the supply
line beforehand for the use. However, it is impossible to operate a
semiconductor production line for the pre-reaction period. Moreover, even
in 5 the pre-reacted supply line, the reaction proceeds further between the
fluorine gas and the inner wall of the supply line during use, as a result,
it is difficult at present to use the dilute fluorine gas stabilized in
density or the like. In order to solve this problem) the applicants of the
10 present invention have repeated researches into corrosivity and
reactivity of a metal surface, and as a result, they found out that it was
possible to form a passive state fluorinated film having good corrosion
resistance against corrosive gasses, above all ) fluorine gas by making
fluorine gas positively react 15 with a stainless steel surface for
fluorination at a sufficient temperature, to form thereon a film of a metal
fluoride as a main component, and then heat-treating this film in an
atmosphere of an inert gas) and they already applied for the patents based
on these inventions (refer to the Japanese Patent dU Provisional
Publications Z-263972 (263972/199o), 3-2i3656 ( 71 Rf 5f / 1 991 ) ( and
5-331.1 5 ( 331.1.5/ 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 films 



applied for the above patents are not less than 500 [err] in thickness.
When the passive state fluorinated films have such 3   2 2 M AY 2003 a
thick film thickness) firstly, metal deposits are produced al the time of
walding the gas piping or the like and the produced metal deposits stay in
the piping as particles. Secondly, when a thick passive state fluorinated
film is formed on a sealing 5 surface of a joint and a valve seat face, it
causes leakage disabling them to be usable. As countermeasure it can be
considered that the passive state fluorinated film be removed from the
welding part before welding, and that the passive state fluorinated film be
formed 10 by masking only the sealing surface of the joint and the surface
of the valve seat . However, both methods have lacked productivity and have
been difficult for practical use. Above a11, 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 purposes of this invention are to
provide stainless steel coated with the passive state fluorinated 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. 1U The
purposes of this invention are also to provide stainless steel coated with
the passive state fluorinated film 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 4   2 2 MAY 2003' The
stainless steel coated with the passive state fluorinated film in
accordance with this invention is characterized in that at least a part of
the surface is coated with a passive state fluorinated film of I90 [err] or
less in 5 thickness consisting of metal fluoride as a main component. Hare,
as stainless steel, austenitic stainless steel, ferritic stainless steel .
and other stainless steel ran be used Especially, SUS316 or SUZS316L is
preferred for the use. According to this invention, a passive state
fluorinated 10 film is formed on the stainless steel, and the thickness of
the passive state fluorinated fillm  is mane to be 190 ~ or less . The
particles produced at the time of welding decrease sharply under 190 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 film. 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 d 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 l5ppb or less is most 5   2 2 MAY
2003 preferable . following the above, a film of a metal 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% fluorine gas or
dilute fluorine gas with an inert gas is used. Then, for the gas at the
fluorination, it is favorable to use a has with a 50pph or less impurity
content such as moisture, and a gas with a 20ppb yr less impurity content
is more favorable, and a gas with a 10 l5ppb or less impurity content is
further more favorable. Temperatures for the tluorination are preferred to
be 5oC or higher, and temperatures of 100 to 200'C are more preferable, and
temperatures between l20 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 preferable. 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 zo necessary. For example , when the fluorination is
performed for three hours at 150C by using 1% fluorine gas diluted with
nitrogen gas, a 190 thick passive state fluorinated film 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 Z00 to 4009C . A treatment
time for 10 minutes or longer is preferable, and that for 30 minutes to 15
hours is more 6   2 2 M AY 2003 preferable. Brief Descriptions of the
Drawings Fig.l is a drawing showing an experiment system for 5 measuring
particles coming out of the inside of the piping after it has been treated
by fluorinated passivation and welded. Fig.2 is a graph showing the
relation between the 



thickness of the passive state fluorinated film and the particle
production. 10 Fig.3 is a drawing showing the experiment system for
measuring leakage from a sealing surface of a joint 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 cross ,s sectional drawing of the excimer laser chamber. Fig.6 is a
cross-sectional drawing of the seat valve. Fig.7 is a cross-sectional
drawing of the filter. ZU (Descriptions of the MarKs) 1 U 1 . 1 ! 4 inch
stainless tube 102 . Welded parts 1o3 : Particle measuring instrument 201 .
Joint treated by fluorinated passivation 2~ 202 . Nut 203 . Gasket 204 .
Joint treated by fluorinated passivation 7   ~ 2 MAY 2003 205 . Male nut
206 . Helium leakage detector z07 . Helium gas blowing point 301 , Fluorine
gas inlet port 5 302 . Pressure gauge 303 . Filter made of stainless steel
30d . 1/4 inch stainless tube 305 . Valve 306 . Vacuum outlet 10 307 .
Exhaust port 400 . Valve main body 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 embodiment of this invention however this invention 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 diameter, which is
mirror-finished by electrolyfiic polishing) under the conditions mentioned
in Table 1. The fluorinated passivation treatment is conducted in the
following procedures. 8   2 2 MAY 2003 1) The above-mentioned SUS316L
stainless steel tube is heated up to the preseribed temperature indicated
in Table 1 in a current of nitrogen gas. 2 ) The nitrogen gas is changed
over to fluorine gas keeping the 5 above temperature unchanged, and the
stainless tube surface is made to react with the fluorine gas for the
prescribed time shown in Table 1. 3 ) After the fluorine and the stainless
tube surface have been made to react with each other for the prescribed
time at the 10 prescribed temperature shown in Table 1 ( the fluorine gas
is changed over to the nitrogen gas and then after-heat treatment is
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 stoichiometric ratio Here, the
conditions for fluorination treatment mentioned in Table 1 are examples,
and the temperature and time may be changed as far as the prescribed film
thickness can be obtained. 20 (Table 1) Sam le No.12Fluorination temp. and
time15pC, 7 hours200C, 2 hoursAfter-heat-treatment temperature and
time300C, 1 hour350C, 10 hours Film thickness(~1)_ 190 1000 For each of the
samples 1. 2. ten pieces of stainless gas tube 101 (Fig 1) Were made,
respectively. By using the ten 



9   2 2 M AY 2003 pieces of gas tubes 101, they were but-welded at 9 points
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
which argon gas was introduced. The argon gas 5 was introduced, and thereby
the number of the particles coming out of the gas tube 101 were counted by
using a HIGH PRESSURE GAS PROBE 103 of PARTICLE MEASUREMENT SYSTEMS, INC.
Here, a flow rate of the introduced argon gas was set to O.lcf/min, and the
particle diameters to be measured were set to 0.1 m or 10 larger. The
result of the measurement is shown in Tables 2. As shown in Table 2 ( no
particles were produced from the sample 1 (a stainless tube with 190 thick
passive state fluorinated film). From the sample 2 (a stainless tube with
10001 thick 15 passive state fluorinated film) , a large quantity of
particles were produced and it has been confirmed that a thinner passive
state fluorinated film has superiority. (Table 2) Sample tube for
fluorinated passivation treatmentThe number of particles detectedsample 10
pieces( film thickness 19d ~ )Sample 260 pieces( film thickness 10o0 ~ ) 20
(Embodiment 2) Tests similar to those in the embodiment 1 were carried out
by varying the fluorinated film thickness from 50[err] up to 100 by varying
the time and temperature for the fluorination. 10   2 2 MAY 2003 Fig.2
shows the result. As shown in Fig 2 it has been made clear that bordering
the thickness of 190 , the passive state fluorinated film does 



not produce particles when the film is not thicker than 190 5 I~, While it
produces particles when it is thicker than 190 A. ( Fmhc~7 i mran t 3 )
Under the conditions for forming the passive state fluorinated film similar
to those in the embodiment 1 ( a passive 10 state fluorinated film was
formed on sealing surfaces of joints made of 5 stainlass steel. As shown in
Fig.3) the joints 201) 204 were abuuted 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 limit in the case of the
joints with a passive state l0 fluorinatea film of 19o h 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 film of about 1000A in
thickness, they had to be 25 fluorination-treated by masking,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   2 2 MAY 2003 used after removal of the masking. However, in the
case of a thin passive state fluorinated film, even if the sealing parts of
the joints were coated with the passive state fluorinated film thereon. the
joints exerted their sufficient performance 5 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 thin passive
state fluorinated film has superiority. (Table 3) Thickness of passive
state fluorinated filmLeakageThin film (about 15U ~)None (not more than the



lowest detectable limit)Thick gilm (about 1d00 ~)leaked 10 Leakage 1 lowest
detectable limit : 5.62 x 10-11 (A-ce/sec) (hmbodimeat 4) Under the
conditions similar to those for the embodiment 15 1, fluorination
passivation treatment Was conducted on a seat valve main body 40l shown in
Fig.6. A valve was mace up by building a diaphragm 4uu Into the valves main
body 4(11 , ~n~i ~ 1 aak~gA twct ca~S ~~rri A~ nnfi nn tha valve to measure
leakage from the seat part. A helium leak 20 detector Was used for
measuring the leakage. The measurement =exult is shown in Table 4. A5
StIUWi~ 11t Tat~lC 4, lGakaya c113 uuL e~XC:~wl l:li~s luw~~t detectable
limit with the valve given a passive state fluorinated film of 190 or less
in thickness, while leakage 12   2 2 MAY 2003 occurred with the valve
coated with a film of about 100o A in thickness. In order to use the valves
by giving them a passive state fluorinated film of about 1000 A in
thickness ) they had to be 5 fluorination-treated by masking, for example,
the seat parts of the valves to prevent the passive state fluorinated film
bAing formed 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 thereon, tkiC vnlve5 cx~wld~l llmir
suLLicient parLormance 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 f luorinated
filmLeakageThin film ( a_bout 190 ~ )None ( not more than the lowest
detectable limit)Thick film (about 10004)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, reactivity with fluorine gas was investigated by using
the titter made of stainless. 13   2 2 MAY 2003 In this example, the filter
as shown in Fig.7 was used. Namely) this is a filter AGO comprised of a
housing 502 a~~d a membrane fixed to the inside of the housing by welding.
A passive state fluorinated film of 190A was formed on 5 the whole surface
of the filter membrane 501 and the inside of the housing 502 under the
similar conditions to those for the embodimnt 1. On the other hand, a
filter membrane 50l and a housing 502 on which a passive state fluorinated
film are not formed 10 were prepared, to construct the system shown in Fig.
4) and after the filter 303 was Filled with a mixed yas o= 1~ fluorine and
99% neon, it was left for a prescribed time and then the inner pressure of
the filter 303 was measured by a pressure gauge 302. As shown in Table S,
no change was observed in the pressure 15 before and after the testing on
the filter given a passive state fluorinated film of 190 A or 1CJJ formed
inciac ) and no rcsotion with the fluorine gas was found. On the other
hand. the inner pressure decreased after the testing on the filter without
the passive state fluorinated film) and it was found out that about Zo sod
of the fluorine gas rillect in the filter reacted with the inside surface
of the filter. As obvious from this result, since even a thin passive state
fluorinated film 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 system this fluorinated passivation treatment. 14   2
2 MAY 2003 (Table 5) 



Fluorinated Chargp~7 prP~~r.A of 1% Pressure after 70 hours passivation
fluorine gas (Tort) left (Tort) film Given 760 760 Not given 760 754 The
availability on the industry A~nnr~in~ to th.a invention, divan a thin
passive state S fluorinated film onto the supply line of the gas of the
fluorine series, it is possible to easily install piping and stably supply
the gas. 15   2 2 MAY 20Q3 What is claimed is: 1. S ~aiiile5s 5 ~eei with a
passive state fluorinated film formed thereon, characterized in that the
passive state fluorinated film constituted of a metal fluoride as a main
component is formed into I90 thick or less on at least a part of the surf
ace . 2. The Etainle~~ ~teol elai.mcd avvording 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 film
has been formed by heating it in a gaseous atmosphere containing =luor~ne.
3. The stainless steel claimed according to claim 1 or 7. 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 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 components
is provided with a welding part welding thereto the sta3.nless 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
dev:i~e acc:ordiiig Lcr c;;laim S VL' 6 , utlat~ac:leri~ml iu being a
device for gas storage) a device for gas supply, or a device for gas
reaction. 16  



2 2 MAY 2003 8. A device accord~.ng to claim S 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 mass-flow controller) a valve) a check
valve, a joint, an RIE reaction system, or a CVD reaction system, fvr
handling corrosive gasses . 9. A device according to claim 5 or 6)
characterized in that said device is a excimer laser oscillator. 17
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