
;cde3eFC\:6T09'1 1 ,!l!L 2003  Specification Metal material having formed
thereon chromium oxide passive film and method for producing the same, and
parts contacting 5 with fluid and system for supplying fluid and exhausting
gas The present invention relates to metallic material on which 3
chromium-oxide passivation film is formed and a method for 10 manufacturing
the same, and a fluid supplying / exhaust system. In semiconductor
manufacturing technology, gases with a hard corrosive action such as
hydrogen chloride or hydrogen bromide 15 or gases with a hard decomposing
action such as silane , diborane phosphine or the like have been used.
Since the gases hard in corrosivity easily corrode usually used stainless
steel (SUS 3l6L) to result in metal contamination due to corrosion on a
semiconductor substrate, a semiconductor with high reliability 20 has been
difficult to manufacture. Moreover since the gases with the hare
decomposing action are decomposed easily due to nickel hard in catalytic
action on the stainless steel, and desired gases are difficult to supply
with a desired concentration, the semiconductor high in 25 reliability has
been difficult to manufacture . In recent years , a technology for forming
a chromium-oxlae passivation film has been introduced in order to solve the
problems described above.    y 7 J UL 2003  However, a development of the
metallic material, and a surface treatment technology prior to oxiding
treatment or various technologies such as a technology for supplying an
oxidizing atmosphere such as temperature and a component ratio in 5
oxidizing gases have been required in order to form the chromium-oxide
passivation film. Therefore, it has been impossible to farm the
Chromium-oxide passivation film onto the optional metallic material, anal
parts inexpensively. Moreover, although it has been a technology coating
chromium 



1C1 for improvement of corrosion resistance according to the prior art, it
has teen not excellent since it is pear in adhesion, moreover chromium has
a large internal stress ( crack is caused, so that corrosion is caused at
an interface between the metallic material and the coat film. Although a
crack-free chromium 1 ~ coating technology has been developed in order to
solve these crack, fracture due to distortion at processing are caused
since a film thickness is thicken excessively. thereby corrosion 'being
caused. Moreover, there has been problem that although a dual-layers  wJ -
. p0 chromium coating technology has been developed in order to solve this
fracture due to distortion, this technology also is different each other in
coating processes and results in an increase in cast, so that it is poor in
productivity. Moreover, there has been a technology that heat treatment is
25 performed after metal coating. However,- there have been ~JtU~~.~uW iri
LhG~d Le~c3.molugi.ess Lluat ~raoarie:ies { pin hule~s ) ax.i.~ L on the
surface after coating, the coat film is peeled off , or 2   ~~ i ~m x~ the
film obtained after heat treatment is a composite-oxide film or has a
property of cermaic , and since the metal material of the substrate layer
is contact with corrosive oases when vacancies exist, corrosion progresses
on the interface between 5 the metal of the substrate layer and the coat
film, and the desired corrosion resistance can not be obtained because of
the composite-oxide film, furthermore it is poor in workability because of
the property of ceramic. The abject of the invention is to provide metallic
material 10 on which the chromium-oxide passivation film high in
productivity is formed and a method for manufacturing the same by forming
the ahrvmium-oxide pa~sivation film oxocller~t .in corrosion res~.stance
inexpensively and in a short time. The abject of the invention is to
provide the parts contacting 15 with fluid and a f~,u~.d supplying sys~.em
capable of supplying safely flu~.d hard in corrosivity by forming the
chromium-oxide film excellent in corrosion resistance without containing an
oxide film of ether metal. 20 ~,'_~c7_osure.Qf the Invention The metallic
material according to the invention on which the chromium-oxide pass
ivation ~. s f. a.rrnarl r:cm~sri sPS t h c~ pay s s i va i: i.nn film
consisting v:~ the chromium oxide obta3.ned by oxidizing the chromium cast
on the metallic material of which surface 25 roughness (Ra) is not more
than l.5im. A method for manufactu.riy LtiC umLallic; wal.etial
avc:V~.a.iu~ to the invention on which the chrama.um-oxide passivation is 3



1 1 J l! L 2003 formed comprises a step of forming the passivatian film
COnsi9ting of the ehrami~trn oxide by applyi~~.~ laGa L l.reatment in an
oxidizing atmosphere after coating chromium an the metallic material ofi
which surface roughness (Ra) of a coat surface is 5 not more than 1.53m,
Parts contacting with fluid and a fluid supplying / exhaust s'y'stem
according to the inzrantion arc charaateri~ed by that these are constituted
by the metallic material on which the Chromium-oxide passivation film
having the passivation film 10 consisting of the chromium oxide obtained by
oxidizing the chromium coat are formed an the metallic material of which
suraee roughness (Ra) is not moxa than 1.53m. 15 Fig. 1 is a schematic view
of a gas supplying system used in a chromium~oxide passivatzon film
according to the invention. Fig. 2 is a view showing a result by evaluating
chrornium oxide passivation film after oxidizing treatment by photoelectron
spectroscopy. ~",_ 2D Fig. 3 is_ a view showing results by evaluating
surface roughness (Ra) depencxenae of corrosion resistance of the
chr.nmit~m-oxide passivatian film according to i:hs ~nvPntinn by SEM
observation. Fig. 4 is a view showing results by SEM observation of the 25
sample after corrosion test by chlorine gas of sample by using c. maC.W d
~u.~ nyduu~ac:l.uriy LhG ~:lumui~uu-uxiaa ~a~~iv~xLivm filcu according to
the invention and sample which oxidizing treatment 4   i 1 J U L LUU3 is
not given, and sampl a after cleaning with ultra pure water after corrosion
test. 101 flow-rate adjustment device 5 102 luid control valve lU~
react~.on chamber 



Best Mode for arry~~C~ oLt r . Tny~inn This invention comprises a step of
forming a passivation film 'f0 consisting of chromium oxide excellent in
corrosion resistance on an opt~.onal rnetall,ic materyal by giving heat
treatment in an oxidizing atmosphere nn a ~mr~~c,a obtained by coating
chromium onto the metallic material (for example, copper material ) of
which s~xrface roughness ( Ra ) is not more than 15 I.5im. In the
invention, a contact ability of an Interface l7etWeen the metallic material
and a coat film is improved by coating chromium onto the metallic material
of which surface roughness (Ra) is not more than 1. 5i, in addition, to
strengthen, a coupling (,..,_ ' .l 24 ~arae of the interface by applying
heat treatment to solve the pc~orr~ess or the conventional adhesion, and in
adail.ic~n, Lam chromium-oxide passivation film excellent in corrosion
resistance can be formed by applying oxidizing treatment. 'This invention
comprises a step of forming the passivation 25 film consisting of the
sealed chromium ox=de excellent in corrosion resistance by applying heat
treatment in the oxidizing gas atmosphere on the surface of the matallia
material 5   1 1 JllL 2003 on which Chromium is coated. According to the
~.nvention, the problem of interface corrosiu~x caused due to the presence
of vacancies (pin holes) can be solved) in addition) chromium-oxide
passivation f~.lm excellent in corrosion 5 resistance can be formed by
applying oxidizing treatment. In this invention, definition of the metallic
material, definition of the Nh3pc of the ports and precise contZUl cf Lhe
oxidizing atmosphere are riot required, and it becomes possible to form the
chroma.urn-oxide passivation film onto the optional 10 metall~.c material
and the parts inexpensively as compared to a chromium-oxide passivation
treatment of the prior art. Dr~f~.n~.tion of the metallic ircaterial arid
the shapo of the parts and precise control of the oxidizing atmosphere are
not required, whereby improvement in productivity can be realized. 15
AJ.though there have been problems in the conventional criromiuln-oxide
passivation treatment technology that there is a problem in production cost
and productivity is poor, oinvc the concentration of the oxidizing gas is
low as is 10 ppm to several hundreds ppm, moreover, the range of the
concentration 20 also is narrow and so use of special parts for an
axidi.2ing~gas supplying system anC a special diluts.ng teannoiogy are
required in Ord2r t0 Control the ooncsntrat~i can prar..i Sa_.ly and
monitor for control of the concentration also is required in treatment
temperature, the range of the forming condition for formation 



25 of the Ghromium~-oxide passivation film can. ~be set widely accv~a~.y Lu
tim pt-ceent invention, whereby Che chromium-oxide passivation treatment
inexpensive and high in productivity can 6   a a s,~ a I. 200 be realized.
Tha ahxamium-oxide passivation LJ.lm excellent xn corrosion resistance
becomes passable to form on the optional ma~r~llic material and the parts
inexpensively and in a short time 5 according to the invention, the fluid
supplying system capable of supplying fluid with the hard corrosive action
in safety can ha ~onstruated. 10 A~.though a forming technology of a
chromium-oxide passivation f~.lm as wall as the parts contacting with fluid
and a f luad siirpl yinr~ / exhaust system aacox~ding to the invention will
bra described with reference to the drawings as described below, the
invention should not be l.im~.ted to these embodiments . 15 Although a
chromium~aoat film used for this exper~.ment is aepvsl~Cea by a. plating
method, in add~.tion thereto, deposition may he parf~rmRr~. by ac~ating
technologies such a~ are. ion plating method, HIP method, a sputtering
method, bepositian may be performed by two-steps forming method which is
designed to form 20 by the sputtering method initially and then to form by
the plating method thereon. Moreover. baking is prefPrahly performed anve
at low temperature of 100 ~C to 200 ~C in h~.gh~purity inert gas atmosphere
( the oancentration of moisture is not more than 1o 25 ppm-) and than heat
treatment is performed, when forming the chromium-cast film vy a weL-Lype
plating method. Moreover) an annealing processing is preferably performed 7
1 1 ,i'U~ 200 afi ter heat treatment. 



Moreover, au: tcnite System st~.znless s Lael ( 5US316L ) was used for the
metallic rnateriaJ. to be oxidized. (Embodiment 1) 5 Fig. 1 is a schematic
view of a gas supplying system performing treatment for the Chromium-oxide
passivation film according to the invention _ Argon is zntraduaod a9 an
inert gr~s and o,xygdn as an oxidizing gas far diluti,an in the gas
supplying system. The chromium-oxide passivatian film was formed using this
gas 10 supplying system. In th5.s embodiment , an influence of the surface
roughness { Ra } of the metallic, material to be oxidized way ~casched by
corrosion test with chlorine gas. Oxidizing conditions are 5Q0 QC, 30 min)
oxygen of 50 ~ (diluted by argon). 'l5 Fig. 2 shows a result measured by
evaluating chromzum-oxide pdssivation Zilrn by ESCAlUU , made by Shimazu
Seisakusyo after oxidizing trc~atmAnt. From the results, it was verified
that the chromium-oxide passivatian film of substantially 1b0 ~ has been
formed, which ..,~ !20 is approximately 30 nm from the outermost surface.
Tl~c cc~:cxosiuu les L is performed under the condition of sealing chlorine
qas of 100 ~ under not more than 5 Kgf/rm2 at loo QC for 24Hr through an
accelerated test. Surface observation was parfarmed by JSM-6401F, made by
Nippan Densi Kabusikikaisya 25 after oxidizing treatment.  Fig. 3 shows
results after the au.ctwsiun test. From the results , it was net verified
that corrosive products e~rist in 8   9 1 JUG 2U~ the case of the surface
roughness (Ra) of not mflre than l.5im. whereaw the corrosive products have
aeesi sca,tterec~ in the Case a.f not less than 2im, It is Guessed that
adhesion nf_ the interface between the metallic material and the
chromium-coat 5 film deteriorates, so that clearance corrosion is caused as
the surtace roughness (Ra) becomes large. from the results as dooaribed
above, it is guas5ed that the chromium--oxide passivation film having
corrosion resistance. Which is excellent in adhesion of the interface
between the 10 metallic material and the Chromium-coat film can be faz~med
when trie surface roughness (Ra) of oat more than 2.53m. Mcradver, the
chromium-oxide passivation film further excellent in durability can be
formed by a3.l,owing to coat a metal on the metallic material to be
oxidized in pretreatment for 75 forming the chromium-cast film to improve
adhesion onto chromium and to prevent crack and fracture due to distortion.
MerPover, they mare close-grained and tight chromium-o;~ide passivation
film can be formed by doping raith hydrogen into the oxidizing gas. 20
(Embodiment 2) 



The accelerated corrosion test of the sample on which oxidizing treatment
wras given in the same condition as Hmbodiment 1 and the sample vn which
oxidizing treatment was not given was performed under the condition of
sealing chlorine '25 gas of 100 % under not more than 5 Kgf/cm~ at 100 ~QC
for 24Hr. Fi,g. 4 shows tlzd za: ull5 try SEM observation after the
corrosion test by ,3SM-6401F, made by Nippon Densi Kabusikikaisya after 9
1 1 f U L 2003 ~ oxidizing treatment, as well as the results by SEM
observation of i-ha sample after cleaning with ultra pure water ar LGL
corrosion test. From the results, it was not verified that corrosion exist
5 fox the sample an which oxidizing treatment was given, whereas Lhe
corrosive praduc~ts nave been scattered for the sample on which oxidizing
treatment eras not given. Moreover) it has been guessed from the results
that SEM observation was performed after cleaning the sample after 10
corrosion test with ultra pure water to remove the corrosive products c,~,
~y like that changes Was not onserved for the sample on which oxidizing
treatment was given , wh~:rAa c there warp the vacancies ( the pin holes )
of a diameter of approximately 0 , Lim on the site where the corrosive
products were removed for the 1 b sample on Which oxidizing treatment Was
not given , and this was ~iUttU'~iJ.Ull ciVllLriLul.ed Lo ttie pan holes
existing after plating. zt has been found by these experiments that there
are the vacancies an the coat film used for the prior art, and aarrasion
caused by the vacancies is progressing, however, the vacancies . .":,_ 20
are filled-- according to the invention, whereby the chromium-oxide
passivation film whlGh ~,s GlvsC-gt':vlilCCi and excellent in corrosion
resistance can be farmed on the outermost surf ace . ~5 g'p~a ? G~b~ l i
.fir fa h _ Tr1 m~tr~ According to the present invention, the passivution
film consisting of chromium oxide excellent in corrosion resistance 10   1
1 JUL 2403 Into the optional metallic materl.al can be formed. According to
the pre~cnt invention, the conventional problem of interface corrosion
caused due to the presence of the crack fracture due to distortion and the
vacancies ( pin holes ) or the 5 ~.ike can be solved) in addition) the
chrom~.um-oxide passivation 



film excellent in corrosion resistance can be formed by applying ox~ c~ 1 T
i rig treatment . According to the present invention, def.initivn of the
metallic material.) defl.riition of the shape of the parts and precise 10
eontxol.o~ the oxidizing atmosphere era not required, and ~.t beavrnes
possib7.e to Corm the crirarnium-oxide passivation film onto the optional
mpfial 1 is mater~.a1 and parts inexpon~ivoly as compared to a
chromium-oxide passivativn treatment of the prior art , and def inition of
the metaJ.lic material and the shape of 15 the paxts and precise control of
the oxidizing atmosphere are not xe~uiseci, whereby improvement in
productivity is realized. Acatrrding to the invention , the i~luid
supplying systarn capable of supplying fluid with the hard corrosive action
in safety can be constructed. -",_ 11   ~1 ~! ,l U L 2003 What i s cl a?
med is 1 . Motall.ie material provided with a ahroiu.'suiu-oxide
passivation film comprising a passivation fi,~m consisting of chromium
oxide obtained by oxidizing a chromium cant on the metallic material _ 5 of
which surface roughness (Ra) is snot more than l.5irn. 2. The metalJ.ic
material provided with the chromium-oxide passivati.an film according to
claim 1, wherein pin holes of said chromium-oxide passivation film are
filled. 3. A method for manufacturing metallic material an which a 1Q
chromium=ox~.de passivation film is formed. comprising the step of f~rmxnc~
the passivation film consisting of ohromium oxide by applying heat
treatment in an o~r~.dizing atmosphere after coating chromium on metallic
material of which surface 15 roughness (R$) of a coat surface is not mafe
than 1.5.m. 4. Parts con~Cactmg with tluid, and a fluid supplying ! exhaust
System, rnmpr7 ~; ng meaallic material. having a chromium-oxide
passiv~,tion film according to claim ~.. 12 .AH.A.AuF.AyN.A.AA.AN.Ay.A.AS.A
.ANZgh$%OSp|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]caU]ca!"a%)+578'X\axy L   



NGV|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]caU]ca]ca]cRa]ca]ca]ca]ca]ca]ca]ca!V; D   W|qzupje^Ymhc^Y]ca
U]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c&aU]c&a]ca]ca]caU]ca]ca]c
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