10

15

- 20

2001042514
13 JuL 2000

. Specification
Metal material having formed thereon chromium oxide passive
film and method for producing the same, and parts contacting

with fluid and system for supplying fluid and exhausting gas

The present invention relates to metallic material on which
a chromium-oxide passivation film is formed and a method for

manufactliring the same, and a £1uld supplying / exhaust system.

in semiconductor manufadtﬁring techndlo_gy, gases v&ith 4 hard

corrosive action such as hydrogen chlbride or hydrogen bromide

- or gases with a hard decomposing action such as silane, diborane., -

pﬁosphine or the like have been used. Since the gases hard in
corrosivi'ty'ea.s:l.ly corrode usually used-stainiess steel (SUS
316L) to result in metal contamination due to corrosion on a

semiconductor substrate, a semiconductor with high reliability
has been difficult to manufacture. | o

Moreover, since the gases With“ the hard aecompoéing 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
reliability has been difficult tomanufacture. Inrecent years,

a technology for fooming a chiromium-oxide passivallon £1lm has

been introduced in order to solve the problems described above.
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However, a development of the metallic material, and a surface _

treatment technology prior to oxidizing treatment 6;:: various

. technologies such as a technology for supplying an oxidizing
atmosphere such as temperature and a component ratio in

oxidizing gases have been required in order to form the

chromium-oxide passivation £ilm. Therefoi:e, it hés been
impossible to form the chromium-oxide pas_sivation £ilm onto the
optional metallib material and pérts inexpensively.

Moreover, although it has been a technoj.ogy coating chromium

for improvement of corrosion resistance according to the prior

_art, it bas been not excellent since it is poor in adhesion,

morecver, chromiumhas a large internal stress, crack is caused,
so that corrosion is caused at an interface between the metallic

material and the coat f£ilm. Although a crack-free chromium

‘coating technology has been developed in order to solve these

-erack, fracture due to distortion at processing are caused since

a film thickness is thicken excessively. thereby corrosion
being caused.

Moreover, there has been pi:oblem that although a dual-layers
chromium coating technology has been developed in order to solve
this riacture due to ailstortion, thlis technology also is
gliffe_rent each other in coatins.; processes and reéults in an
inorease in cost, so that it is poor in productivity.

Moreover, there has been.é technology that heat treatment is
performed after metal coating. Hewever, there have been
problems in these technologias that vacancies {(pin holes) exisl

on the surface after coating, the coat film is peeled off, or
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the £film obtained after heat treatment is a composite-oxide £ilm
or has a property of ceramic, and siuce the metal.mAterial of

the substrate layer is contact with corrosive gﬁses when

_ vacan_cie‘s exist, corrosion prograsses on the interface between

the metal of the substrate laye:_r and the coat £ilm, and the
desired corrosion resis tance can not be obtained because of the |
compos:l.te-oxi.de £ilm, furthermorc, it is poor in workability
because of the p?operty of ceramic.

The object of the invention i# to provide meta;llic material
on which -the chromium-oxide passivation £ilm nigh in
productivity_ is formed and a method for"manufécturihg the san_ie
'by forming the chromium-oxlde passivation film cxccllent in
corrosion resistance inexpensively and in .'a short time.

The.objec_t of ﬁhe invention is to provide the parts contacting
with £luid and a lfl_uid supplylng system capable of suppiying- .
safely £luid hard in corrosivity by forming the chromium-oxide
£ilm excallent in corrosion resistance without containing an

oxide £ilm of other metal.

Disclosure of the Invention

The metallic material according to the invention on which the

- chromium-oxide passivation is formed nomprises the passivation

£ilm consiéting of the chromium oxide obtained by oxidizing the
chromium coat on the metallic material of which surface
roughness (Ra) is not more than 1.5im.

A method for manufacturing the melallic walerial avcordiny

to the invention on which the chromium-oxide passivation is
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formed coniprises 'a step of forming the passivatioh -£ilm
qonsi&ting of the chromium o:;ide by applying 1';«-3.::.!. l'..realttment in
an oxidizing atmosphere after coating chromium on the metallic
material of which surface.roughness (Ra) of a coat su;faoe is
not more than 1.5im, |
Parts oontaot:.ng w:.th fluid and a flu:.d supplying / exhaust
system according to the invont;.on arc charaoter:.zed by thnt
these are oonst:.tuted by the metall:.o material on wh:.ch the '
chrom:.um-ox:.de passivation f£ilm having the passivation fllm
oons:.stmg of the chromium oxide obta:.ned by oxidiz:.ng the
chromium coat are formed on the metallic material of which

surface roughness (Ra) is not more than 1.5im.

Brief Description of the Drawings

Fig. 1 is a schematic view of a gas supplying system used in
a chromium-oxide pa.ss:.vation 'J:J..Lm accordn.ng to the invention.

Fig. 2 :i.s' a view showing a result by evaluating chromium-
ogxide passivation film after oxidizing treatment by
photoelectron 'speotroscopy.

Fig. 3 is 'a view showing results by evaluating surface
roughness (Ra) dependence  of corrosion resistance of the
ohromium-oxide passivation £ilm according to the invention hy
SEM observation.

Fig. 4 is a view showing results by SEM observation of the
sample after corrosion test by chlorine gas of sample by using
a welhod for manufacluring Lhe chromium=-oxide passivalion £ilu

according to the invention and sample which cxidizing treatment
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_102 flu:.d control valve

is not given, and sample after cleam.ng with ultra pure water

after corrosion test. _
(Exnlanat;gns_of_.cnamﬂg:s)

101 flow-rate adjustment deVJ.ce

103 reaction chamber

< . . .

This invention comprises a step of forming a passivation £ilm

consisting of chromium oxide excellent in corrosion resistance
on an optlonal metallic material by giving heat treatment in

an oxidizing atmosphere on a snrface obtained by coating

chromium onto the metallic material (for example, copper

material) of which surface roughness (Ré) is not more than

1.5im, | - | |
In the invention, a cdntaét ability Of an interface batween

the matallic 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

force of the interface by applying heat treatment to solve ti_x_é
poorness of the c:anventional adhesion, .and in additlioun, Lhe
chromium-oxide passiva.tion £film excellent in corrosion
resistance c¢an be formed by .applying oi:idizing treatment.

This invention comprises a step of forming the passivation

 £ilm consisting of the 'sealed chromium oxide excellent in

correosion resistance by applying heat_ treatment in the

oxidizing gas atmosphere on the surface of the metallic material
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oh which ;:hromium is coated. According to the invention, the
problem of inferche corrosiony vaused due to thé pre;ence ot
vacancies (pin holes) can be soived._ in addition. tha
chromium-oxidé._ passivation film excellent in corrosion
resistance can be formed by applying oxidizing _treatment .
In this invention, definition of the metallic material,.
definition of tho chapc of the parts ‘and precise control of Lhe
oxidizing atmosPhere ére not requifed, and it bec;,omes possible
to form the chremium-oxide p_assiﬁratioxi film onto the opticnal
metallic materlial and the parts inexpensively as compared to
a chromium-oxide péssivation. ﬁreatment of the prior art.
Defiﬁitioﬁ of the metallic material and thc shape of the part§

and ;Srecise control of the oxidizing atmosphere are not required,

~ whereby improvement in productivity can be realized.

Although there have been problems in the conventional
chromium-oxide passivation treatment technology that there is
a prablem in production cost and productivity is poor, since

the concentration of the oxidizing gas is low as is 10 ppm to

- several hundreds ppm, moreover, the range of the concentration

also is narrow and so use of special 'parts for an oxidizing-gas
suﬁplying system and a special diluting technology are required
in order to control the concentration precisely and monitbr for
control of the concentration also is required in treatment
temperafufe. the range of the forming condition for formation
of the chromium-oxide passivation film can be set widely
acocording Lo Lhe present invention, whereby the chromium-oxide

passivation treatment inexpensive and high in productiv:i.ty can
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be realized.

The chromium-oxide passi’va.tion Lllm excellent in corrosion.
resistance bec.ome.s possible t.o form on the optional met_a.llic'
material and the parts inexpensively and in a shori time

acoording to the invention, the fluid supplying system capable

of supplying fluid with the hard corrosive action in sa¥fety can '

he constructed.

Embodiments

A‘lthough a foming technology of a chromium-oxide passivation
£ilm as well as the parts contacting with fluid and a f£luid
supplying / e:d;au-st system according to the invention will be
described with reference to tb.e' drawings as deséribed below,
the invention’ should not be. limited to these embbdiménts .

Although a chromium-coat £ilm used for this experiment is
deposited by a plating méi_:'nod. in addition thereto, deposition
may he performed by coating technologias such as an ion- plating
method, HiP method, a sputtering method.. Deposition may be
perfofmed by two-steps forming method which is designed to form
by the spuft_ering method iﬁitialiy and then. to form by th;'
plating method thereon. | |

Moreover. baking is preferably performed once at low
temperature of 100 2C to 200 2C in high-purity inert gas
atmosphere (the concentration of moisture is not more than 10
ppm) and the:_l heat treatment is berforme.d, when forming the
chromium-coat £ilm by & wel-Lype plating method. |

Moreover, an annealing processing is preferably performed
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after heat treatment.

Mbreover,anstcnitesystmmstainlesssLeel(SUSSI&L)wasused
for the metallic material. to be oxidized.

(Embodiment _1')

Fig. 1 is a schematic view of a gas supplying system performing

treatment for the chromium-oxide passivation £ilm according to

the invention. Argon ie introduccd as an inert gas and oxyyen

as an oxidizing gas for dilution in the gas supplying system.
The chromium-oxide passivation film was formed using this gas |
supplying system.

In this embodiment, an influence of the surface roughness (Ra)

of the metallic material teo be oxidized wae scarched by

corrosion test with chlorine gas. Oxidizing conditions are 500
QC, 30 min, oxygen ﬁf 50 % (diluted. by argon}.

Fig. 2 shows a result measured by evaluating chromium-oxide
passivaticn £ilm by ESCALOQ, made by Shimazu Seisakusyo after
oxidizing fréatmaht .

From the _fesuit's, it was verified that the chromium-oxide_

passivation £ilm of substantially 100 % has been formed, which

is approximately 30 nm from the outermost surface.
The corxosion Lest 1s performed under the condition of sealing

chlorine gas of 100 % under not more than 5 Kgf/aom®> at 100 oC

- for 24Hr through an accelerated test. Surface observation was

' perforﬁed by JSM-6401F, made by Nippon Densi Kabusikikaisya

after oxidizing freatment. : )
Pig., 3 s_hoﬁrs results after the curxrusion test. From the

results, it was not verified that corrosive products exist in
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the case of the surface rdughness.(ka-) of not more than 1.5im,
whereas thc corrosive products héve. besn _sca.ttéred. in the case
of no_t' less than 2im, It .is quessed that adhesion of the
interface batween the metallic material and the chromium-coat

film deteriorates, so that clearance corrosion is caused as the

‘surface roughness (Ra) becomes large.

From the results as dcsoribed above, it is guessed that the
chromium-oxide passivation £ilm having corrosion resistancs.

which is excellent in adhesion of the interfa.ge between the

 metallic material and the chromium-coat film can be formed when

the surface roughness (Ra) of not more than 1.5im.
Mareover, .. the chromiu_m’-dxide passivéttion £ilm £further
excellent in durabilit-y'can be formed by allowing to coat a mé_tal
on the metallic matarial to be oxidized in pretreafment for
forming thé chromium-cbé_.t- f11m to ‘improve | adhesion onto
chromium and to prevent crack and fracfure dﬁe to distortion.

Moreover, the more close-grained and tight chromium-oxide

.passivatio'n film can be formed by doping with hydrogen into the

oxidizing gas.
(Enbodiment 2) ' ' )
The accelerated corrosion test of the sample on which

oxidizing treatment was given 1in the same condition as

. Embodiment 1 and the sample on which oxidizing treatment was

not given was performed undexr the condition of sealing chlorine
gas of 100 % under not more than 5 Kgf/cm’ at 100 9C for 24Hr.
Fig. 4 shows the resulls by SEMobservation after the corrosion

test by JSM-6401F, made by Nippon Densi Kabusikikaisya after
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oxldizing _treatment, as well as the results by SEM observation
of the sample after cleaning with uli:ra pure ivatei: alfter
corrosion test. )

" From the results, it was not verified that corrosioﬁ exist
for the sample on which oxidizi:_tg treatment was given, whereas

the corrosive products have been scattered for the sample on

which oxidizing treatment was not given.

Moreover, it has been guessed ‘from the results that SEM
observation was performed after cleaning the sample after
corrosion test with ultra pure water to réxnove the corrosive
producls vr Lhe like that changes was not observed for the sample -
on which oxidizing tre‘dtment was given, whereas there were the |

vacancies (the pin hol_es) of a diamei:er of approximately 0. 1im

" on the site where the corrosive products were removed for the

sample on which oxidizing treatment was not given, and this was
corrusion voulribuled to the pin hales ekisti.ng after plating.

‘It has been found by these experiments that there are tha

vacancies on the coat filmused for the prior art, and coxrrosion

caused by the vacancies is progressing, however, the vacancies'
are filled according to the invenfion. whereby t—l::é
chromiuni—-oxide paSsivation Lilm which is c:lose-gra?inéd mﬂ.
excellent .:Ln corrosion resistance can be formed on the outermost

surface.

3 - « ] I . -

According to the present invention, the passivation £ilm

consisting of chromium oxide excellent in corrosion resistance

10
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onto the optiocnal metallic material can be formed.
According fo the prascnt invent_ion, the conventlunal Problem
of interface corrosion caused due to the presence of the crack.

fracture due to distortion and the vacancies (pin holes) or the

~ like can be solved, in addition, the chromlum-oxide passivation

£ilm excellent in corrosion resistance can be formed by applying

oxidlzing treatment.

According to the present invention, definition of the metallic

material, definition of the shape of the parts and pre-cisé
control of the oxidizing atmosphere are not required, and it
becb;nes 'possible to form the chromium-oxide passivation film

onto the optional metallic material and parts inexpensively as

'compa:r:ed to a chromium-oxida passivation treatment of the prior

art, and definition of the metallic material and the shape of

the parts and precise coni:rol of the oxidizing atmosphere are

not reyuired, whereby improvement in prod.uc.tiv:l.ty is realized.

According to the invention, tha fluid supplying system capable

of supplying £1luid with the hard corrosive action in safety can

be constructed.

11
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What is claimed is:

1. Metallic material provided with a chromium-oxide passivation

film comprising a passivation film consisting of chromium oxide

_obtained by oxidizing a chromium coat on the metallic material

of which surface roughness (Ra) is not more than 1.5im,
2. 'I'he. .metallic material provided with the chromium-oxide
passivation £ilm ac;.cord;i.ng to ciaim 1, wherein pin heles of said
éhromium-oxide passivation film are filled.
3 A method for manufactu:ing metéllic m&terial oh which a
chromium-oxide passivation £ilm is formed, comprising the step
of : : . . ' . .
Fnrming'; .th.e, passiﬁa.tion'film conaisting of chrémium oxide bj
applying heat -treatment_ in an oxidizing a-i:mosphere after
coatiﬁg chromium on metallic mat;erial of'_ which -su.fface
roughness' {Ra) df a coat surface is not more than 1.5im. .

4. _Parts contacting with tiuid and a £luid supplying / ei:haust_

system, compirising metallic material having a chromium-oxide

passivation film according to claim 1.
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