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BACKGROUND OF THE INVENIION

1. Field of the Invention

The present invention relates to a process for
passivating treatment of a piping system such as .an
ultrahigh-purity gas piping passage for use in a

semiconductor manufacturing apparatus and the like and metal
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component- parts or the like for use’ in an ultrahigh—-vacuum
apparatus.
2. Disclosure of Prior Art

Recently, the téchnology for realizing an ultrahigh-
vacuum and the technology for obtaining an ultrahigh-purity
decompressed atmosphere by flowing a small amount of a
certain gas into a vacuum chamber have become very important.
These technologies are widely applied to the study of
material characteristics, the formation of various kinds of
thin film, the manufacturing of semiconductor devices and so
on. As a result, though a higher: degree of vacuum has been
accomplished, it is also keenly required to realize the

decompressed atmosphere wherein the contamination of

. impurity elements and impurity molecules is reduced to the

utmost.
For example, when exemplifying the semiconductor device,

unit elements have been reduced in size from year to year to

promote an integration density of an integrated circuit, so

that vigorous studies and developments have been made in

coyxl



H GH+PURI TY GAS BACKGROUND OF THE | NVENTI ON 1.

Field.of the Invention The present invention relates to a
process for passivating treatnment ,of a piping system such as an
5 =ultrahigh-purity gas piping passafe for wuse in a sem conduct or
manuf act uri-ng apparatus and the |like and netal conponent parts or the

i ke for use in an ultrahi gh-vacuum appar at us. 2. Disclosure of Prior
Art 10 Recently, the technology for realizing an ultrahigh- vacuum

and the technobuodgr torpushinionprectinaliluseasuchhseniconductor dlayviees éssed
atmosphere by tLORRAY Ry nS W lsBiBRh Rfizds, espBELANY S8Sed IO ridcvacuum
chanber have becone very 1 nportant. . _
. higher than Su. In the manufacturing of such
semiconductor devices, a process for forﬁling 1_:hin films and a
5 process for etching the thin films in predetermined circuit
patterns are repeated. Generally,such processes are carried
out under an ult:-'ahigh-vaccum condition or in a decompressed
| atmosphere into which a predetermined gas has been
introduced, after placing silicon wafers within a vacuum
10 chamber. If impurities enter the chamber during those
processes, there appears, for example, such a problem that
thin film quality is degraded or thaﬁ satisfactory accuracy
can't be attained in microtreatment. This is the reason why
the decompressed atmosphere of an ultrahigh-vacuum and
15 ultrahigh-purity is needed.

Mentioned as one of the serious causes which have |
hindered the realization of the’ ultrahigh-vacuum and
ultrahigh-purity decompressed atmosphere up to now is a
gas oozing from surfaces of stainless steels which are widely

20 used for a chamber, a gas piping and so on. Therefore, in
order to prevent the gas oozing, conventionally there has
- been proposed as a surface treatment technique of the
stainless steel, mainly so-called a wet treatment in which a
thin film (passivation film) is formed on the surface by

25 dipping a material to be treated, wﬁich material has
undergone an electrolytic polishing, into a heated nitric
acid solution. In this case, -however, much moisture or much .
solution constituent remains on ‘the surface of the film
and/or within the film or in a boundary area between the

30 stainless steel and the film, so that these remaining
moisture and solution constituent, especially the moisture
adsorbed in the surface separates off into the vacuum or the
decompressed atmosphere. Thus, this separated moisture has
become the most serious contamination source.

35 Therefore, recently there has been proposed a dry



These technol ogies are mﬁdelyxapplied to the study of 15 materi al

characteristics, the formation of various kinds of thin film the

nenuf act uri ng of sem conductor devices and so on. As a result, though a
hi gher degree of vacuum has been accg-rrpl ished, it is also keenly
required to realize the deconpressed atnosphere wherein the

contam nation of 20 inpurity elements and inpurity nolecules is reduced to
the ut nost . For exanple, when exenplifying the sem conductor

devi ce, Uni tredtaentt sedhaiquehcim whdlucanl ¢xidei £ilm (forming rgaso ifear to
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Vi gor ous st udi evel opnents ave been made in
treated so as to form a chrome oxide film thereon for the

passivation of the surface. As for this conventional dry
5 treatment technique, there have been proposed a one
(disclosed in Japenese Patent Laid Open Publication No. Hei
2-43353) in which a material to be treated (for example, a
stainless steel pipe) is heated up nearly to an oxidization
temperature (400 ~ 550 °C) and then subjected to the action
10 of an oxygen gas heated up to the oxidizing treatment
temperature to form the chrome oxide film on the surface of
the material for the passivation of the surface; a one
(disclosed in Japanese Patent Laid Open Publication No. Hei
6-116632) in which a stainless material is treated within
15 -an argon atmosphere formed by mixing 10 % of hydrogen and 1 %
of moisture, at about 500 °C for 1 hour to form the chrome
oxide film on the surface thereof; and a one (disclosed in
Japanese Patent Laid Open Publication No. Hei 54287496) in
which the stainless material is treated within an oxygen
20 atmosphere containing 5 ~ 10 Z of ozone gas, at 200 °C for

about 3 hours. '

3. Problems Presented by the Prior Art

_In all of the conventional dry treatment techniques for
~ forming the chrome oxide film on the surface of the stainless
25 material, since the oxide film is formed | within the heated
atmosphere, a high temperature heating furnace is needed, so
that there appears a problem-that 'a_ size of the stainless
material is limited to a certain extent by the dimensional
relation with the heating furnace. Further, since the oxide
30 film forming gas is made to contact with the material to be
treated under a heated condition, there appears also another
problem that the concentration of the oxide film forming gas
differs on the upstrean side and on the downstream side in
the gas flowing direction due to the consuming of gas
35 constituent caused while it is flowing to invite unevenness



2 . order to put into practical use such seniconductor devices as to

have 1 [err]mto submicron sizes, especially sizes of not hi gher than
0.5 [err]. In the manufiacturing o4& such sem conduct or devices, a
process for formng thin films and a 5 process for etching the thin filns
in predetermined circuit . patterns are repeated. Cenerally, such processes
are carried out under an ul trahi gh-vaccumcondition or in a deco][rpressed
at nosphere int ' . d ' has been i ntroduced, after

pl acing sili coﬁ‘ﬁ gérhsléwl %EI ﬁfgtrh\g]a%ﬁ&?n- "ehanber . If inpurities enter

t he chanber duri niforenyse, in ;@ practical piping myptem,s a Pdnrabisypof, such a
probl em that pidei Bndli FIRiAHEL | b | SARMARH A7 chhabnii $f #ZRRIY accuracy
can't be attained in mcrotreatnment. This is,t k_]_e reason vvhz N
purity gas supply source with a high-purity gas ufilizing
5 apparatus and their connections should be welded. Therefore,
when welding the pipes and fittings having the interior
surfaces previously formed with the chrome oxide films, there
appears a problem that metal compositions in the welded
portions are changed by that welding workiﬁg to result in
10 failing to coat the welded portions with the chrome oxide
films. ' '

SUMMARY OF THE INVENTION

The present invention is directed to solving those
15 problems and for its object to provide a téchnique which is
capable of reliably forming a chrome oxide film on a gas
contact interior surface of a piping passage at a normal
temperature, not only for the pipes in single state and the
component parts to be fitted to a pipe line but also after

20 the completion of the piping.

For accomplishing the above-mentioned object, a first
invention is characterized in that an oxide passivation film
is formed ona metal surface by acting a high—concentration
ozone gas | containing at least 50 VOLZ of ozone in the ozone-

25 oxygen system on an electrolytically poliéhed metal surface
or an electrolytically combination—-polished metal surface
(i.e., subjected to a simultaneous polishing by means of a
polishing material and an electrolyte through inserting the
polishing material into the electrolyte and rotating the

30 electrodes) at a normal temperature.

For accomplishing the above-mentioned object, a second
invention is characterized in that a high-purity gas supply
source and ‘a high-purity gas utilizing apparatus are
connected to each other by a piping passage, and then an

35 interior gas contact surface of the piping passage for the



. the . deconpressed atnosphere of an ultrahigh-vacuum and 15
ul trahi.gh-purity i s needed. Mentioned as one of the serious

" causes which have
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In the second invention, since the gas contact surface of

the piping system is passivated by entirely piping a high-
purity gas supply passage for connecting the high—purity gas
supply source with the high-purity gas utilizing apparatus
and then hermetically charging the high-concentration ozone
gas into the piping, it becomes possible to passivate the
welded portions as well. Thereby, since the piping surface
superior in the degasifying characteristic and the drying
characteristic can be obtained, the high-purity gas flowing
through the piping passage can be supplied into the high-
purity gas utilizing apparatus without being contaminated.

Since the oxide film formed by the passivating treatment
of the present invention is mainly composed of the chrome
oxide, the film is superior in corrosion resistance, so that
it becomes possible to prevent corrosion degradation of the
piping passage which might be caused by a highly corrosive
gas. Further, since a catalytic action of the piping passage
surface can be restrained or reduced by the passivating
treatment to restrain the autolysis of hiéﬁ—reactive gas, it
becomes possible to feed the supply gas into the high-purity
gas utilizing apparatus without degfading the quality of the
supply gas. = _

Moreover, in the second invention, since the passivating
treatment is applied throughout the piping passage by
hermetically charging the high—concentration gas into .the
piping .paésage after the completion of the piping
arrangement, an apparatus for the passivating treatment can
be simplified as. well as a satisfactory passivation film can
be formed even when the inexpensive electrolytically polished



- adsarbed in the surface separates off into the vacuumor the

- deconpressed at nosphere. Thus, this separated noisture has becone the
nost serious contam nation source. 35 - 6 Therefore, recently there has
-been proposed a dry 3

treatnment technique in which an oxide filmformng gas is. brought into
contact with the surface of a material to be treated so as to forma

chrome oxide fi bﬂéshgf'gqﬂefiqfort Qﬁe piping, so that it becomes possible to
inexpensively construct the high-purity gas supply piping
system.
Further, since the high~concentration ozone gas is
5 hermetically <charged into the piping system, the
‘concentration of the gas charged into the piping passage can
be maintained uniformly in its entirety, differently from the
gas flowing treatment, so that the unevenness in the oxide
film thickness can be excluded.
10 DESCRIPTION OF THE DRAWINGS

Fig. 1 shows profiles of element compositions of the
untreated electrolytically polished SUS316L pipe in the depth
direction from the surface;

15 Fig. 2 shows the profiles of the element compositions
thereof in the depth direction from the surface when treated -
by employing pure oxygen at 40 °C for 40. hours;

Fig. 3 shows the profiles of the element compositions
thereof in the depth direction from the surface when treated

20 by employing an ozone gas having a concentration of 5 VOLZ of
ozone in the ozone-oxygen system at 40 °C for 40 hours;

Fig. 4 shows the case of the treatment by an ozone gas of
100 VOLZ of ozone, at 20 °C for 20 hours, Fig. 4(a) shows the
profiles of the element compositions thereof in the depth

25 direction from the surface, and Fig; 4(b) is a diagram
showing a change of the ozone concentration during the
treatment; ) _ .

Fig. 5 shows the case of the .i:réatment by the ozone gas
of 100 VOL%Z of ozone, at 20 C for 40 hours, Fig. 5(a) shows

30 the profiles of the element compositions thereof in the depth
direction from the surface, and Fig. 5(b) is a diagram
showing a change of the ozone concentration during the
treatmentj

Fig. 6 shows the case of the treatment by the ozone gas

35 of 100 VOL% of ozone, at 40 °C for 20 hours, Fig. 6(a) shows



- passivation of the surface. As for this conventional dry 5 treatnent

~techni que, there have been proposed a one (di scl osed in Japanese Patent
Laid Open Publication No. Hei 2-43353) in which a material to be

.. treated (for exanple, a “stainless steel pipe) is heated up nearly to an
oxi di zati on tenperature (400 ~ 550 [err]C) and then subjected to the

action 10 of an oxygen gas heated up to the oxidizing treatnent

tenperature to formthe chr oxjde filmon the surfacge, of the materi al
~for the passi vaH‘%I?rBEﬂﬁ’?@g&?‘Fa me td’ﬁﬂmsuﬁﬂ‘?%(‘flr’l ™ t?ﬁp%ﬁ?ége Pat ent
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Patent Laid en Pyhli catd La O 9 ' | I nl ess
material is 'Sr)eat e?lgn'tﬂiér?%gﬁl\%(eyggﬁe %géém?p g‘?%ntcgﬁﬁgﬁion %Ea_@lo % of
ozone gas, at 206 10§ VPiX fofr ozoneahatu 403 (iofigrs40 hours, Fig. 7(a) shows

the profiles of the element compositions thereof in the depth
- direction from the surface, and Fig. 7(b) is a diagram
showing a change of the ozone concentration during the

10 treatment;

Fig. 8 shows the case of the treatment by the ozone gas
of 100 VOL% of ozone, at 60 °C for 20 hours, Fig. 8(a) shows
the profiles of the element compositions thereof in the depth
direction from the surface, and Fig. 8(b) is a diagram

15 showing a change of the ozone concentration during the
treatment;

Fig. 9 shows the case of the treatment by the ozone gas
of 100 VOLZ of ozone, at 60 “C for 40 hours, Fig. 9(a) shows
the profiles of the element compositions thereof in the depth

20 direction from the surface, and Fig. 9(b) is a diagram
showing a change of the ozone concentration during the
treatment;

~ Fig. 10 shows the profiles of the element compositions
thereof in the depth direction from the surface when treated

25 by an ozone gas having a concentration of 50 VOLZ of ozone in
the ozone-oxygen system, at 20 °C for 40 hours; and

Fig. 11 shows the profiles of the element compositions
thereof in the depth direction from the surface in the case
where a welded portion was treated by employing the ozone

30 gas having the concentration of 100 VOL% of ozone, at 40 °C
for 40 hours. :

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An experimental apparatus - for a semiconductor
35 manufacturing apparatus comprises a chamber and a piping



3. Problens Presented by the Prior Art In all of the conventional
dry treatnent techniques for formng the chronme oxide filmon the
surface of the stainless 25 material, sigice the oxide filmis formed within
t he -heat ed at nosphere, a high tenperature heating furnace is needed, so
‘that there appears a problemthat a size of the stainless material is
limted to a certain extent by the di nensional relation with the heating

furnace. Further, singe the_oxide 30 filmform ng, gas is d ont act
with the nateriB¥*S?&P th °ft§'<‘é’§?‘e6r%n‘%$f“eé f@&gag’d@ﬁﬁ?t%%ﬁ? kﬂge appear s
al so anot her  316py obhawinighatant hdnterioent satface obubjestedi deofithe f or mi ng
gas differs S ' aag g@ﬁ ea Lde.l t he
gas flow ng di ree:l%?}:%ér.lﬁagé é%ﬁgﬁier@c%ﬁgum ngﬂgg}(gee{gﬂ E’ghs%&gnfﬁégaused
while it is fl cpeyimeotahyapraratus cfavesthe semiconductor manufacturing

5 apparatus has undergone the vacuum evacuation under an air-
tightly sealed condition, an ozone gas having a purity of 100
VOL% is hermetically charged into the experimental apparatus
at a room temperature (23 °C) at a gage pressure of 0.63
Kg/cm? and left for 48 hours under that condition.

10 .After the elapse of thét leaving time, the ozone gas

 within the experimental apparatus is discharged and then the
formation of a passivation film on the interior surface of
the experimental apparatﬁs is confirmed by analyzing and
investigating the distribution ‘of element compositions and

15 the oxidization thereof in the depth direction from the
surface by using the X-ray photoelectronic spectroscopic
analysis method.

When the same treatment as the above-mentioned one is
appiied thereto by using an ozone gas having a concentration
20 of 50 VOLZ of ozone in the ozone-oxygen system, the formation
of a passivation film can be also confirmed. Incidentally,
when the similar treatments are applied thereto by using
ozone gases having the respective concentrations of 5 VOLZ
and 45 VOLZ of ozone in the ozone-oxygen system, the
25 formations of passivation films are not .'satisfactory at a
normal temperature. |
| In a practical semiconductor:. manufacturing process, a
high-purity gas supply passage is constructed by connecting a
storage container, which stores the high-purity gas to be
30 used, with a high-purity gas utilizing apparatus for a
semiconductor manufacturihg apparatus and so on through
electroytically polished stainless steel gas supply pipes and
fittings having the same grade thereof for communication.
This high-purity gas supply passage has a plurality of gas
35 supply pipes connected to one another by means of welding or



4 in the thickness of the oxide film Mor eover, in

pfactical pi ping system a plurality of

sO0 as to connect a high- purity gas gupply source with a high-
gas -utilizing 5 apparatus and.their connections should be wel ded.
when wel ding the pipes and fittings having the interior
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probl emthat metal cgnpositions in the wel de . portjions are _changed by
that wel di ng woth§ ngﬂieo ’T‘"éiu?’?niqisl ipdg | ng%ﬁﬁl‘f?éats Re 3%l Eleéiﬁ‘{’)rt i ons
W th the chronersguldeing vallvéMBnd a pressure regulating VAU RM-dnged HE

I NVENTI ON

10

15

20

25

30

35

therein. After the completion of entire piping connections,
blank flanges are interposed or valves are arranged at the
connection to the high-purity gas storage container and at
the connection to the high-purity gas utilizing apparatus
respectively so that the high-concentration ozone gas having
the concentration of at least 50 VOLZ of ozone in the ozone-
oxygen system is hermetically charged into the high-purity
gas supply passage located between both those blank flanges
or between both those valves to passivate the interior

surface of the gas supply passage, the interior surface

portions at the welded connections between both the gas

supply passages and/or the interior surfaces (the gas contact
surfaces) of the devices. After that, the valves are opened
or both the blank flanges are removed to connect the gas
supply pipes with the high-purity gas storage container and
the high—-purity gas utilizing apparatus.

The supply/discharge of the high-concentration ozone gas
for the passivation treatment employing the ozone gas after
that piping arrangement is carried out by using any one of
various kinds of ports such as a pressure gage mounting port
and a gas analyzer mounting port arranged in the high-purity

to the gas supply piping passage after that piping
arrangement, then the high-concentration ozone gas is
supplied into the passage and left:for a predetermined time,

~and subsequently the ozone gas is discharged by suction.

According to the requirement, further supplying of a new
high-concentration ozone gas and the discharging thereof
after the leaving for the predetermined time are repeated
several times to passivate the interior of the piping
passage.

When this passivation treatment employing the high-
concentration ozone gas is carried out at a high temperature

a

pi pes and fittings are arranged

purity

appears a

-gas supply pipe. That is, the vacuum evacuation is applied .



The present invention is directed to solving those 15 problens and for its

object.to provide a technique which is capable of reliably formng a

chrone oxide filmon a gas cont act i18teri or surface of a piping passage

at a nor nal tenperature, not only for the pipes in single state and the
. conponent parts to be fitted to a pipe l'ine but also after 20 the

conpl etion of the piping. For acconplishing the above-nenti oned

object, a first i,nventign i s characterized in that an oxide passivation
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ozone gas to be discharged during the passivation treatment
is decomposed by passing it through a known ozone decomposing
apparatus and then released to the atmosphere. '

Incidentally, the high-concentration ozone gas to be used

10 for this passivation treatment means such an ozone gas as to
have a concentration of at least 50 VOLZ of ozone in the
ozone-oxygen system. When using a gas produced through the
concentrating by means of adsorbent or the gasification of
liquefied ozone, it becomes possible to attain an ozone

15 concentration near to 100 VOLZ.

Thicknesses of the oxide films to be formed on the
surface of i:he electrolytically polished SUS 316L pipe by
changing the temperature condition, the ozone concentration
in the ozone-oxygen system and the treatment time were

20 measured.

Fig. 1 shows profiles of element compositions in the
depth direction from the surface of a untreated
electrolytically polished SUS 316L pipe, and it can be
understood from these profiles that a natural oxide film of

25 .about 10 A has been formed even on the untreated surface.

Even when the pure oxygen is hermetically charged into
that electrolytically polished pipe and the pipe is exposed
thereto at 40 °C for 40 hours for tieatment, as shown in Fig.
2, the film doesn't become thicker than the natural oxide

30- film. Vhen the ozéne gas having the concentration of 5 VOLZ
of ozone in the ozone-oxygen system is hermetically charged
into the electrolytically polished pipe and the pipe is
exposed thereto at 40 °C for 40 hours, as shown in Fig. 3,
the formation of an oxide film having the thickness of about

35 25 A can be recognized. But, this degree of thickness is



30 _é‘l ectrodes) at a nornml tenperature. For acconplishing the
above-nentioned object, a second I nvention is characterized in that a

hi gh-purity gas supply source and a hygh-purity gas utilizing apparatus
are, connected to each other by a piping passage; and then an 35 interior
gas contact surface of the piping passage for the

S hi gh-purity gas is passivated by hermetically charging the

hi gh-concentratgn 02ee (32% he Hiickiced o' he PaSi388icn filn.

Next, profiles of element compositions in the depth
direction from the surface in the case where the
electrolytically polished pipe has been treated by the ozone

5 gas of 100 VOLZ of ozone obtained by the gasification of
liquefied ozone are shown in Figs. 4 to 9.

Fig. 4(a) shows the profiles in the case of the treatment
at 20 °C for 20 hours, and Fig. 4(b) shows a change of the
ozone concentration caused by the autolysis for that same

10 treatment time, respectively. In this case it can be
confirmed that an oxide film of about 30 A has been formed.

Fig. 5(a) shows the profiles in the case of the treatment
at 20 °C for 40 hours, and Fig. 5(b) shows a change of the
ozone concentration caused by the autolysis for that same

15 treatment time, respectively. In this case it can be
confirmed that an oxide film of about 40 to 50 A has been
formed. :

Fig. 6(a) shows the profiles in the case of the treatment
at 40 °C for 20 hours, and Fig. 6(b) shows a change of the

20 ozone concéntration caused by the autolysis for that same
treatment time, respectively.- In this case it can be
confirmed that an oxide film of about 40 to 50 A has been
formed. | |

Fig. 7(a) shows the profiles in the case of the treatment

25 at 40 °C for 40 hours, and Fig. 7(b) shows a change of the
ozone concentration caused by the autolysis for that same
| treatment time, respectively. In this case it can be
confirmed that an oxide film of about 40 to 50 A has been
formed. ‘

30 Fig. 8(a) shows the profiles in the case of the treatment
at 60 °C for 20 hours, and Fig. 8(b) shows a change of the
ozone concentration caused by the autolysis for that same
treatment time, respectively. In this case it can be
confirmed that an oxide film of about 45 to 55 A has been

35 formed.



I n fhe first invention, by using the high-concentration ozone gas
contai.ning at |east 50 VOL% of ozone in the ozone- 5 oxygen system it
becones possible to formthe passivatiog, filmat a normal tenperature.

In the second invention, since the gas contact surface of t he pi ping
systemis passivated by entirely piping a high- purity gas supply
passage for connecting the high-purity gas 10 supply source with the

hi gh-purity gas utilizing apparatus and then hernetically ing the

. char
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treat nent %féﬁér%?destgﬁg %ﬁv%ﬁthlgoﬁﬁﬂsq’%a%ﬁd)? égrrg%?gg%f%e chronme 20
oxi de, the fil nfemmeduperior in corrosion resistance, so that

When the electrolytically polished pipe is treated by the
ozone gas having the concentration of 50 VOLZ of ozone in the
ozone-oxygen system at 20 °C for 40 hours, as shown in Fig.

10 10, it can be confirmed that an oxide film of about 40 A has
been formed.

The profiles of element compositions in the depth
direction from the surface in the case where the welded
portions have been treated by the ozone gas of 100 VOLZ of

15 ozone at 40 °C for 40 hours are shown in Fig. 11. It can be
confirmed that an oxide film of about 60 to 80 A has been
formed. ' - '

As understood by those results, when the treatment
temperature is increased from 20 °C to 40 °C in the case of

20 the treatment time of 20 hours, the thickness of the oxide
film becomes increased, but it is not increased so much even
when the temperature is raised to 60 °C. In the case of the
treatment time of 40 hours, even when the treatment
temperature is changed, the thickness of the oxide film

25 doesn't differ, namely the oxide films are formed
substantially equal in thickness. When the treatment
temperature is | raised, the autolysis reaction of the ozone
becomes remarkably vigorous and ‘the ozone concentration
becomes decreased. Therefore, it can be understood that the

30 increasing of the treatment temperature higher than 60 °C is
not reflected in the increasing of the oxide film.

35



it becones possible to prevent corrosion degradation of the

passage which

a catalytic action of the piping passa?g surface can
reduced by the passivating 25 treatnen

hi gh-reactive
hi gh-purity
supply gas.
30 treatnent

conpl etion

passivating t ré‘alf mé‘nth “rltbe %“anlthF%QPeaéz%

passi vation fi
electrolytlggl

10

e e o A

gas utilizing apparatus wi t hout degradkngw

arrangenent, an ap araLus for thg
| {0 o &hat s Apj GX3Eeory
taaﬁaatﬁﬁ. ¥e 1/ Of STEfbrREe Nohe Mndtht Euefapenby vacting a

Y o tlxcserl]'x%ratlon ozone gas having a concentration of at
least 50 VOL%Z of ozone in the ozone-oxygen system on an
electfolytically polished or electrolytically combination—
polished metal surface at a normal temperature.

2. A process for passivating treatment of a piping system

for a high-purity gas, characterized in that a high-purity

gas supply source and a high-purity gas utilizing apparatus

15

.20

25

30

35

are connected to each other by a piping passage, and then an
interior gas contact surface of the piping passage for the
high-purity gas is passivated by hermetically charging a
high—concentration ozone gas having a concentration of at
least 50 VOLZ of ozone in the ozone-oxygen system into the
piping passage.

3. A process for passivating treatment as set forth in claim
2, wherein the passivating treatment is carried out within
the temperature range of a normal temperature to 60 C.

_ pi pi ng
m ght be caused by a highly corrosive gas. Further, si
ai ned or

|nto-the

lity of the
_Moreover, in the second invention, since the passivating

Wmappbuéalmﬂdosghout t he pi pi ng passage by hernetically

~charging the hi ﬂth &%}%%Qéé afdrolaagéﬁ,atmg) trBStment PP & piphas SidRemal t er



6 - pi pes are used for the piping, so that it becones possible to
i nexpensively construct the high-purity gas supply piping system
- Further, since the high-concentration ozone gas is 5 _hernetically

. charged -«nto the - piping system t he conce,rmSgH 1 Hs pbey $as
charged into the piping passage can be mai nt ai ned juni f WOEh 1 TS
entirety, differently fromthe gas flow ng treatndg

unevenness in the oxide filmthickness can be excl uded 10
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Fig.. 1 shows profiles of elenent conpositions of the untr eat ed
electrolytically polished SUS316L pipe in the depth direction fromthe
surface; 15 Fig. 2 shows the profiles of the el ement conpositions
t her-eof in the depth direction fromthe surface when tl gy
enpl oyi ng pure oxygen at 40 [err]C for 40-hours; %ﬂ%{’é@é
profiles of the el enent conpositions . thereof in th= dpnt tion
fromthe surface when treated 20 by enpl oyi ng an ozone gas having a
concentration of 5 VOL% of - ozone 61 zone- oxygen system at 40
[err]C for 40 hours; Fig. 4 st{lal\bs hegcase of the treatnent by an
ozone gas of 100 VOL% of ozone, at 20 [err]C-for 20 hours, Fig. 4(a)
shows the - prof®les of the el enment conpositions thereof in the depth 25
~direction fromthe=surface, and Fig. 4(b) is.a diagram shiowi ng a
change of the ozane €oncentration during the treat ment; Fe Fig. 5.
shows' the case aff4he treatnent by the ozone gas Cr
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of 100 VOL% of ozone, at 20 [err] for 40 hours, Fig. 5(a) shows 30 the

profiles of the el enment conpositions thereof
and Fig. 5(b) is a diagram showi ng a
- concentration during the treat nent; "Fig. 6
" treatnent by the ozone gas 35 of 100 VO.% of ozone,

" the surface,

hours, Fig. 6(a) shows
profiles of the elenent conpositions thereof in the depth
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direction fromthe surface, and Fig. 6(b) is a diagram show ng a
change of the ozone concentration during the treat nent; et
shows the case of the.treatnment by the ozone gas pdne,
at 40 [err]C for 40 hours, Fig. 7(a) shows the profl'"exei AGBB €l enent
conpositions thereof in the depth direction from fhe e—ard Fi g.
7(b) is a diagram showi ng a change of the ozone concentration during
. the 10 treatnent; Fig. 8 shows the case of the treatnment by 'the
ozone gas of 100 VOL% of ozone, at_60 er;&Cfor 20 hours, Fig. 8(a)
shows the profiles of the el errenl% G’p%( ))ns thereof in the depth
direction fromthe surface, and Fig. 8(b) is a diagram 15 show ng a change

of the ozone conc@t ration during the treat nent; Fig. 9 shows the
case of the treatr@enf by the ozone gas of 100 VOL% of ozone} at 60
[err]C for 40 hows,tFig. 9(a) shows the profiles of the el gﬁ;gnt
conposi tions thege@cgf In the depth :
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20 direction fromthe surface, and Fig. 9(b) is a diagram showi ng a

change of the ozone concentration during the treat nent; Fig. 10
shows the profiles of the el enent conpositions - thereof TEEN
direction fromthe surface when treated 25 by an ozonnTﬁ@sS @;
concentration of 50 VOL% of ozone in t he ozone- oxypen sﬁﬂ’éﬁ@ t 20
[err]C for 40 hours; and Fig. 11 shows the profiles of the el enent .
conposi tions thereof in the depth direction fromthe surface in the case

where a wel ded portion was treated by enploying the ozone 30 gas having the
concentration of 100 VOL% of ozone, pg_@o 6e(rA])C for 40 hours. -

DESCRI PTI ON OF THE PREFERRED EMBCDI NE An  experi nental

appar at us for sem conduct or 35 manufacturing apparatus conprises a .
chanmber and a pi pgg
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8 . passage both of which are fornmed from stainless steel (SUS 316L)
having an interior surface subjected to the el ectrol ytic polishing
and the mirror finishing. After the . experinental apparatus for the
sem-conductor nmanufacturing 5 apparatus has undergone the vacuum
evacuation under an air- tightly sealed conditio & éﬁnﬁégas—hﬁving a
purity of 100  VO.%is hernetically charged into tﬁg e i B&EN .
appar at us at a roomtenperature (23 [err]C) at d gage R5PEAGRE e of |0. 63
Kg/ ch2 and left for 48 hours under that condjti.on. '
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10 . After the elapse of that leaving tine, the ozone gas wi thin the
exper| mental apparatus is discharged and then the formation of a
passivation filmon the interior surface of t he experi rent.al- -apparat us

is confirnmed by anal yzi ng and investigating the dijsf
conpositions and 15 the oxidization thereof in the dg FLS%EE?%?: @Ft he
surface by using the X-ray photoel ectronic spectrosc ysi's
met hod. ° Wien the sanme treatnent as the above- rrentloned one is

applied thereto by using an ozone gas having a,concentration 20 of 50 VOL%
of ozone in the ozone-oxygen syste 2 2i on = of a passivation film
can be also confirnmed. Incidentally, when the simlar treatnents are
appl i ed thereto byQusing ozone gases having the respective
. concentrations of OL% - and 45 VOL% of ozone In the ozone-joxygen

system the 25 far I ons of passivation filnms are not sati sf ry at a
normal tenperat (g In a practical sem conductor nanuf Eorl ng
process, a + 0 |
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hi gh-purity gas.supply passage is constructed by connecting a storage
contai-ner, which stores the high-purity gas to be 30 used, mﬁth a

hi gh-purity gas utilizing apparatus for a sem condyc actH-HA
apparatus and so on through el ectroytically polish df #JS@Q%B@EN gas
supply pipes and fittings having the sane grade th :
conmuni cati on. This high-purity gas supply passage has a plurali Ty of
gas 35 supply pipes connected to one anot her by nmeans of wel ding or
9
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the Ii ke and various kinds of devices such as a flow regulating val ve

apnd a pressure regul ating val ve arranged therein. After the conpletion
of entire piping connections; bl ank fl-anges are ihyajPOSE es are
arranged at the 5 connection to the high-purity gasf storag MﬁEﬁNr and .
at t he connection to the high-purity gas utilizi ng-appd
respectively so that the high-concentration ozone gas haV|ng
concentration of at |east 50 VO.% of ozone in the ozone- oxygen system
is hernetically charged into the h urlt 10 gas supply passage | ocated
bet ween both those bl ank fl anges (E both t hose valves to
passi vate the interior surface of the gas supply passage, the interior
surface porti@ys at the wel ded connections between both the gas
supply passages %g fFor—the Thterior suriaces (the gas contact] 15 surfaces)
of the devices. After that, the valves are opened or both t bl ank
fl anges are rermved| to connect the gas - supply pipes with tﬁ hi gh-purity
gas storage coﬁLéB r and the high-purity gas uﬁ}éizing ap tus
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The suppl y/ di scharge of the high-concentration ozone gas 20 for the
passicvation treatnent enploying the ozone gas after t hat pi ping
arrangenent is carried out by using any one of various kinds of port

suth as a pressure gage nounting port and a gas anal Yz SHEENHASOBEEN |

arranged in the high-purity gas supply pipe. That i, tthgqgwgm
evacuation is applied 25 to the gas supply pipingl—passage—arter

that piping arrangenent, then the high-concentration ozone gas is
“supplied into the passage and IeftH%p @ﬁ predeterm ned tine, ~and
subsequently the ozone gas is disc E ﬂ{)suctlon According to the

requi rement, further supplying of a new 30 high-concentration ozone gas and

t he di schargi ng Gher eof after the leaving for the predetermned tinme are
r epeat ed seveBA[Tines to passivate the interior of |the piping
passage. ~Wign this passivation treatnent enploying the ﬁigh- 35
concentration g2ang gas Is carried out at a high tenperature Cﬁ
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© 10 exceeding 60 [err]C, since the autolysis reaction to be caused

to carry out
t enper at ure)

~~ by a‘tenperature of the ozone gas itself is pronoted, it is preferable

BRGGRSPROR BASON AR tRENTHENT g TRRIE WSJRMIT RN IO

Thus, the hi gHIGHRURITY &AS on ozone gas to be discharged dquring

passi vation treat nment

deconposi ng

Incidental ly, the Righ-oABGRIREA] Rofd P8 HAinECa RonkeSdation of
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AS BEEN
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ABIIRAGT AR, SHE AT SCHISYREe| eased to the at nosphere.

at least 50 VOLZ of ozone in the ozone-oxygen system is acted
within the temperature range of a normal temperature to 60 °C

-on an ultrapurity-gas piping system for use in a

semiconductor manufacturing apparatus and the like or on a
metal component part for use in an ultrahigh~vacuum apparatus
to form a passivation film on the interior metal surface.
thereof.

-
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REPLACEMENT SHEET
‘jﬁo for this passivation treatnment neans such an ozone gas as to have a
%concentration of at |east 50 VOL% of ozone in the ozone- oxyg?(rg Wﬂv%ﬁ

When using a gas produced through the concentrating by nmeans 1995
adsorbent or the gasification of | i quefied ozone, it becones possible to
attain an ozone 15 concentration near to 100 VOL% Thi cknesses of
the oxide filnms to be fornmed on the surface of the electrolytically
pol i shed SUS 316L pipe by changi ng the tenperature condition, the ozone
concentration in the ozone-oxygen systemand the treatnent tinme were 20
measur ed. Fig. 1 shows profiles of elenment conpositions in the

depth direction - from the surface of a untreated

electrolytically polished SUS 316L pipe, and it can be under st ood from
these profiles thabracHesUreR PXSYEVATINGOTREATARRY! OEOPAPKRE been formed
even on the untreated surface. Even when the pure oxygen is

hernmetical ly char gedstBliOFor fif@li-puretvoL)si cally polished pipe and the
pi pe i s exposed

ABSTRACT OF THE DISCLOSURE
A high—concentration ozone gas having a concentration of
at least 50 VOLZ of ozone in the ozone-oxygen system is acted
within the temperature range of a normal temperature to 60 °C
5 on an ultrapuri'i:y—gas piping system for wuse in a
" semiconductor manufacturing apparatus and the like or on a
metal component part for use in an ultrahigh-vacuum apparatus

to form a passivation film on the interior metal surface

thereof.
10
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i' %

thereto at 40 [err]C for 40 hours for treatnent, as shown in Fig. 2,
fil mdoesn't becone thicker than the natural oxide 30 film Wen the ozone

gas having the concentration of 5 VO.% of ozone i

systemis hernetically charged - into the el ectrolyt

n

_0zone- oxygen

‘?%PILX:E:‘&' 5;”6“

and the pipe is exposed thereto at 40 [err]C for 4
Fig. 3, the formati on of an oxide filmhaving the K f out
25 A can be recogni zed. But, this degreg of thicknesdiits Bhe ﬁ@F%m@ '";;J
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no‘tv enough for the thickness of the passivation film Next ,

sprofiles of elenent conpositions in the depth direction from the
surface in< thé case where the el ectrolytically polished pipe has
been treated by the ozone 5 gas of 100 VOL% of ozfneE o

T

gasification of | i quefied ozone are shown in Fi :sREPAi'

4(a) shows the profiles in the case of the treatne

hours, and Fig. 4(b) shows a change ofathe 0zon§ ‘?:"3?1

the autolysis for that same 10 treaﬁrt& a’rre, espectlvely. In this
e | mof

case it can be confirnmed that anfo about 30 A has been
f or med. Fig. 5(a) shows the profiles in the case of the treatnent
at 20 [err]C for Q0 hours. and Fig. 5(b) shows a change of the ozone
concentration causefl by the autolysis for that sane 15 treatfent ti nme,
respectively. dn $his case it can be confirmed that an oxigge film of
about 40 to 50 £Akap been f or med. Cr
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Fig.‘ 6(a) shows the profiles in the case of the treatnent at 40 [err]C
for 20 hours, and Fig. 6(b) shows a changé of the 20 _ozaone |

caused by the autolysis for that sane treatment |ft ! PRESLEETY
In this case it can be confirmed that an oxide f'h%ﬁ(ﬁéﬁﬁout 5 050 A

Stel: 11 §rNOV.A996 of | ¢ he

has been f or med. Fig. 7(a) shows the profifl gs.i.nN JhRUL D o
treatment 25 at 40 [err]C for 40 hours, and Fig. 7(bl_shoWws a chs f
t he ozone concentration caused by tl3e autolysis for that sane
treatment tinme, respectively. L[% gas& it can be confirmed that
an oxide filmof about 40 to 50 A hﬁ ornmed. 30 Fig. 8(a)
shows the profiles in the case of the treatnent at 60 [err]C for 20
hours, and Fig. 8(®).shaws a change of the ozaone concentration caused by
the autolysis for That same treatnment tinme, respectively. In this
case it can be —~ cpnfirned that an oxide filmof about 45 to|g% A has
been 35 formed. sso . Cr

+ 0
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o

12° Fig. 9(a) shows the profiles in the case of the treatnent

.at 60 [err]C for 40 hours, and Fig. 9(b) shows a cha
concentration caused by the autolysis for that sane

ao.-a6f—1 he——eazaohne
REPEACEMENT SHEET,
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respectively. In this case it can be 5 confirned
about 45 to 55 A has been f or med. When t
polished pipe is treated by the ozone gas having
50 VOL% of ozone in the 4
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ozone- oxygen systemat 20 C for 40 hours, as shown in Fig. 10 10, it can

ve confirmed that an oxide filmof about 40 A has beea=ter.ned _
The profiles of elenment conpositions in the depth di|r eEPLADEHENMSHEET

surface in the case where the wel ded portions have Qeen trgeated by the
ozone gas of 100 VOL% of 15 ozone at 40 [err]C for 40 hdupstearkdsNOWi988....
Fig. 11. It can be confirnmed that an oxide film of
‘been f or med. As understood By those results, when the treatnent

tenperature is increased from20 [err]Cto 40 [err]C in the case of 20 the

treatment time of 20 hours, the thi cknpGp €f. fpe oxide fil m becones

I ncreased, but it is not increased so much even when the tenperature is

raised to 60 [err]&. In the case of the treatnment time of 40 hours, even
when the treatnment= T tenperature 1s changed, the thrckness OT*%ES oxi de

film25 -doesn't_diifer, nanely the oxide filnms are for

substanti al | e | in thickness. When the treatnent
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tenperature is raised, the autolysis reaction of the ozone becones
f emar kabl y vigorous and the ozone concentration becones decreased.
Therefore, it can be understood that the 30 increasing fof=the treatment—y
tenperature higher than 60 [err]C S not reflected i\hREREACEMENASHEETO

th de fil 35
e odde tim 6 pete .1 3 NOV 1986
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What is clained is: 1. A process for passivating treatment of a piping

"system for a high-purity gas, characterized in that an oxide
passivation' filmis formed on a nmetal surface by acti [Fg==
hi gh-concentrati on ozone gas having a concentration of EMepgSsqmYy YOL%
of ozone in the ozone-oxygen system on an el ectro ed |lor
el ectrolytically conbination- pol i shed netal surflpdeteat...q. 0T IT O
t enper at ur e. 2. A process for passrwat|ng treat Sping SV em
10 for a high-purity gas, character] égln t.hat a hi gh- purlty gas
supply source and a high-purity ga apparatus are connected -
to each other by a piping passage, and then an I nterior gas contact
surface of the pi8rq passage for _the hi gh-purity gas is passivated by
hernmetically charging a :
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15 hi gh-concentrati on ozone gas having a concentration of at | east 50 °

"VOL% of ozone in the ozone-oxygen systeminto the pi pi ng passage.
3. A process for passivati ng-treatment as set fortfFiirc f%T erein
the passivating treatnent is carried out within RER 9% rlange
“of a normal tenperature to 60 [err]C. 20 25 Date : 19 N[]VIQQS
8
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