6 SEP zoos ALUM NUM ALLOY MEMBER SUPERI OR | N CORRGCSI ON RES|STANCE¢A€SEP2%5
PLASMA RESI STANCE BACKGROUND OF THE I NVENTION 1. Field of the Invention:
The present invention relates to an inprovenent in |iquid and gaseous
corrosion resistance and plasma resis- tance, which is nmade to the vacuum
chanmber and its parts fornmed from anodi zed al um num alloy for dry etching
appara- tus, CVD apparatus, PVD apparatus, ion inplantation appara- tus,

sputtering apparatus, j Iﬂﬁﬁﬁ: i cat sem conduct or and
l'iquid crystal devicegsiggﬁﬁﬁgggﬁgﬁfon 0 E{%%E%Qﬁgggdgﬁwt: The vacuum
chamber for OVD apgakdtiioe Y SPRAEE Min pkMuE! RRLRGrARERT atus, etc. is

required to have resistance 0 corrosion by corrosive-gas (referred to as
gaseous cor- rosion resistance hereinafter) because it is exposed to
corrosive gases introduced thereinto, such as reaction gas, etching gas,

and cl eaning gas, whi ch egpikOUE egensl kgm@oF, and Br . Moreover, the
vacuum chanber is also re- quire 0 have  resistance to plasma (referred
to as pl asmapiesi stranee hereirabter) because it is often exposed to

hal ogen-based pl asma, which is generated therein, in addi- tion to

corrosive gasege phes¥AEUUAvERANBAT radaptadtheancenpkyvbieheifiel d of this
application is one which is made of alum numor alum numalloy which is

light iniwghght andndaseperi @b rirdstiber Mlsicanaieed iatid Yl skt 2ER 12006
Unfortunately, alum numor alum num all oy does not .

tance, which is made to the vacuum chamber and its parts
formed from anodized aluminum alloy for dry etching appara-
tus, CVD apparatus, PVD apparatus, ion implantation appara-
tus, sputtering apparatus, etc. which are used to fabricate
semiconductor and iiquid cryétal devices.

2. Description of the Related Art:

The vacuum chamber for CVD apparatus, PVD apparétus,
dry etching apparatus, etc. is required to have resistance
to corrosion by corrosive gas {(referred to as gaseous cor-
rosion resistance hereinafter) because it is exposed to
corrosive gases introduced thereinto, such as reaction gas,
¢:> etching gas, and cleaning gas, which contain halogens like

Cl, F, and Br. Moreover, the vacuum chamber is also re-—
’quired‘td have ‘resistance fo prlasma {referred to as plasma
resistance hereinafier) because it is often exposed to
halogen—baseé plasma, which is generated therein,‘in addi-
tion to corrosive gases. The vacuum chamber adopted re-
cently in the field of this applicafion is one which is

made of aluminum or aluminum alloy which is light in weight

and superior in thermal conductivity.



have satisfactory corrosive gas resistance and plasma re- sistancea&ﬁg- 0%
t here have been proposed several techniques for surface nodificati E%ZU

i nprove such characteristic properties. According to one of the proposed
techni ques, inprove- nent in corrosive gas resistance and pl asma resi stance
is achieved by form ng an anodi zed film (0.5-20 pmthick) and

subsequently heat-drying it at 100-150C in a vacuum thereby evaporating

and remoui ng gRirstUGGaadagrbed ihehet 0 S6RRIAPANGRE BRENkARUDI | cati on

No. 53870/1993.) Another “proposed technique involves anodi zation of

al uni nUMAlJeO\ o 1GRRAINIME 1925400 Hfs COnPRIt Al anu el gotdQlyteof oxalic

acid, said anodization being continued wth a decreased  voltage. (See

Japanese Rafepcdal dopamde KR d90blohase dasdiquas-disglosed so

far give alumnumalloy suitable for vacuum chamber conponents superior in
gaseous o RSk eRdEtAnGa il 4 asiPrdesi SiaNchatyRmerstisaich 9 vacuum

chanber conponents are still subject to corrosion at the tinme of
mai Nt enargeey-tiiepi.ng or washing with water, - because water reacts wth
hal ogen conpounds sticking to the surface of the alum num all oy, thereby
form ng an achRdcordiabutbopnewbifciheoprogdes cihe cahadiqred ,f iikumrole-ot her
words, they are insufficient in resistance to acidic solution (referred
to as |iqundt cor rogiroms inesictsancs ihdregigmafdet .Pldamaddidisognd@/O appar at us,
PVD apparatus, dry etching apparatus, etc. have sone nenbers which hold
sem condectgreved ®YSER 2008 amafayasligred @ iglmasid Sulidt ryat édhiarid) rasrhin i n
the apparatus while wafers or substrates are bei ng washed. Such nmenbers
m subsequently heat-drying it at 100-150°C in a vacuum,

thereby evaporating and removing moisture adsorbed thereto.

(See Japanese Patent Publication No.'53870/1993.) Another

propesed technigque involves anodization of aluminum alloy

containing 0.05-4.0% of copper in an electrolyte of oxalic

acid, said anodization being continued with a decreased

voltage. (See Japanese Patent Laid-open No. 72098/1991.)

These techniques disclosed so far give aluminum alloy
suitable for vacuum chamber components superior in gaseous
corrosion resistance and plasma resistance. However, such

ﬁ:) vacuum chamber components are stiil subject to corrosion at
the time of maintenance by wiping or washing with water,
because water reacts with halogen compounds sticking to the
surface of the aluminum alloy, thereby forming an acidic
solution, which corrédes the anecdized film. In other wor&s,
they are insufficient in resistance to acidic solution
{referred to as liguid corrosion resistance hereinafter.)

in addition,'CVD apparatus, PVD apparatus, dry etching

apparatus, etc. have some members which hold semicqnductor



are subject to corrosion because surface nodification by conventional

t echnol ogi es does not protect the anodized filmfrom corrosion by‘afgﬁﬁimﬁ
solution used for washing. Corrosion on the vacuum chanber conponen 0

al um num alloy used for fabrication of sem conductor and liquid crystal
devices results in local change in their electrical properties, which
deteriorates uniform processing. Thus, conventional vacuum chanber
conponents are not suitable for the application area in which stringent

el ectricaapsopesr Lie§Laks &eEYLEgHesSeMar abnkeshnhques fgpasetution to
this probl em have been proposed. The first one is by treating the anodized

filmw thihiveriagersSee LuiSstPatest ale. bbDHY%I8shedhe saekonembBesi s by
filling pores in the anodized filmwith a netal salt. (See EP application
No. 0648&G6e ) sdiigethi td coneossohybeosasengutiecamoddzedchitiomwbyyh a
silicon film (See U. S. Patent No. 5494713.) These techni ques inprove
i qui d corsmwseohisesl staniteclogsesedersenttbptotiechothsudrofliceént |y
i nprove gaseous corrosion resistance and plasma resistance. Therefore,
t hey fi ndfolthyftomi tedrousion Moyeaeidee, stheyianeusedpforavaghand. hence
expensive and unac- ceptable to general use. The recent technical advance
requi res G amesien adih oyheevpensnwchambapr ovbpocreortospbnalvmsingbance. 3 6
SEP 2006 OBJECT AND SUMMARY COF THE | NVENTI ON The present_invention was
conpl et edr 4 ¥oyi evedf fehefalpr bppr bRl afof vBHCPRALAECHLBNE- hEftidned
conventional tech- nology. It_is an object of the present invention_to
crystal devices resulits in local change in their electrical
4f) properties, which deteriorates uniform processing. Thus,
conventional vacuum chamber components are not suitable for
the application area in which stringent electrical proper-
ties are required.
Several techniques for soluticn to this problem have
- been proposed. The first one 1s by treating the anodized
film with fluorine. {See U.S. Patent No. 5068938.) The
second one is by filling pores in the anodized film with a
metal salt. (See EP application No. 0648866.) The third
one is by covering the anodized film with a silicon film.
-i) (See U.S. Patent No. 5424713.) These techniques improve
liquid corrosion resistance to some extent but do not suf-
ficiently improve gaseous corrosion resistance and plasma
resistance. Therefore, they find only limited use. Moreo-
ver, they are complicated ané hence expensive and unac-
ceptable to general use. The recent technical advance

requires aluminum alloy members with improved corrosion

resistance.



provi de an al um num al |l oy nmenber superior in liquid corro- sion resi
gaseous corrosion resistance, and plasma resistance. The present in
to tackl e the above-nentioned problemis directed to an al um num or
al um num all oy mate- rial having an anodized filmformed thereon whi
com posed of a porous |ayer and a non-porous barrier |ayer whose

structure is at least partly boehmte or pseudo- boehmte, said anod

fil mbeing characterigggrzby Aﬁgtﬁuﬂﬂg%ii%g]@ﬁﬁsgﬁy%ﬁgIbﬁte measur ed
test for inmmersion in phosphoric acid-chromc aci conformng to J

H8683- 2)

is Imess drivederl2 0 e il Sudl NooriBetred | th of i &f €8¢ | i ch

corrosion occurs after standing for 2 hours in an atnos- phere of ar
cont ai ni Nng-&% @i oTnne1 (8 800€)ei shbessmehbarndg% oanenthgnhar daess (Hv)
of the filmis no lower than 420. The al um num all oy nentioned abov
shoul d priedlesgpl y T€ont asn SbPedt Oo faBS0 ptedant | £58chbapn0t3d mass% of Si,
and less than 0.1 mass% of Cu. According to the present invention,
al um nummatdoide i sn sal trabhen f @1 lagenasbyacsupechanben Degbedscofhe-present
i nvention constructed as nentioned above provides an anodi zed film
superi or sivraoreosstancesi siances doBrSEPOR006s i ahanpé asandr gsasmance,

which is applied to alum num all oy nenbers for vacuum chanbers which are

superi or

Tes gpilsEols. corrosion resistance, plasma resistance, and |i

corro- sion resistance. BRI EF DESCRI PTI ON OF THE DRAW NGS

iless than 0.1 mass% of Cu.

The present invention to fackle the above-mentioned
problem is directed to an aluminum or aluminum alloy mate-
rial having an anodized film formed thereon which is com-
posed of a porous layer and a non-porous barrier layer
whose structure is at least partly boehmite or pseudo-
boehmite, said anodized film being characterized by that
the film dissolving rate measured by the test for immersion
in phésphoric acid-chromic acid {(conforming to JILS HB8683-2)
is less than 120 mg/dm?/15 min, the ratio.of area in which
corrosion occurs after standing for 2 hours in an atmos-
phere of argon containing 5% chlorine (at 300°C) is less
than 15%, and the hardness (Hv) of the film is no lower
than 420.

The aluminum zlloy mentionec above should preferably'
contain 2.0-3.0 mass% of Mg, less than 0.3 mass% of 5i, and

"According to the present invention, the aluminum alloy
is suitable for use as vacuum chamber members.

The present invention constructed as mentioned above

provides an ancdized film superior in corrosion resistance
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Fig. 1 is a schematic sectional view showng the structure of the gﬂﬁg;ﬁﬁp
film Fig. 2 is a schematic sectional view show ng deposited silic
(orienting in the direction perpendicular to the surface) and voids. Fig.
3 is a schematic sectional view show ng deposited silicon (orienting in
the direction parallel to the sur- face). DESCRI PTION OF THE PREFERRED
EMBODI MENTS As nentioned above, alum num alloy nenbers with anodic

treat mentyy ¢ i SAdSIACKALY, L] dUI & G108 OB T 28kiinbANEe) 061 fect of

preventing corrosive solutions from pene- ating 1nto the barrier |ayer),

gaseous GORGNSION S} e b NCSafISd £ € Ghh Ofn PL 8y el b 89; §OT {QShy8egages from

penetrat- 1ng into the barrier layer), and plasma resistance (resis- tance
of anodi zed sy faredH N as®) plTheref AL el sthecPf eangent ghiwendprs-carri ed
out an extensive study to inprove these characteristic properties. As the
result, idiMmsedionchddat the anodized filminproves in plasma resistance
whi | e keepi ng good resistance to corrosion by corrosive solutions and
corrosive gases if it IER RSCREPTL " T ChRABIKERposed at | east
partly of boehmte or pseudo 5 6 SEP 2006 boehmte and it has an -
adequat el y comtiral [led shar drdssnand: aecdequs] etiew asticvoinedldegr ee of
conversion into boehmte. The anodized filmas specified above prevents
corrosi ostmuttutieonst drite corodsiod fpkes from penetrating into it and

reaching the al um num substrate. This finding led to the

Fig. 2 1s a schematic sectional view showing deposited
E») silicon (orienting in the direction perpendicular to the
| surface} and voids.
Fig. 3 is a schematic sectional‘view showing deposited
silicon (orienting in the direction parallel to the sur-

face) .

JESCRIPTICN OF THE PREFERRED EMBODIMENTS
As mentioned above, aluminum alloy meﬁbers with anodic
treatment are not satisfactory in liquid corrcsion resis-
tance (effect of preventing corrosive solutions from pene-

trating into the barrier layer), gaseous corrosion resis-

o

tance (effect of preventing corrosive gases from penetrat-
ing intb the barrier layer), and plasma resistance (resis-
tance of anodized surface to plasma). Therefore, the pre-
sent inventors carried out an extensive study to improve
these cﬁaracteristic properties. As the resﬁit, it was
found that the anodized film improves in plasma resistance
while keeping good resistance to corrosion by corrosive
solutions and corrosive gases if it has a barrier layer

which is composed at least partly of boehmite or pseudo-



present invention. (In what follows, the term"(pseudo)- boehnite" mngQQB
used to denote both boehm te and pseudo- boehmte, and the term "corr %
resi stance" may be used to denote both of liquid corrosion resistance and
gaseous corrosion resistance.) Fig. 1 is a schematic sectional view
show ng the nmake- up of the anodized filmfornmed on the surface of the
alum - num all oy nenber by anodic treatnent. In this figure, there are

| ndi cat eq, an, & 'ww%b&%a&ﬁ Rledua 8l “@&ﬁ@@@llé&'ﬂé?&néfsp%és at 3, a

por ous Iayer at 4 por es are Tornmed), a barrier layer at 5
(whi ch i 58 Honspor cé@yﬁélﬁé@S&é@ﬂe@%f\e@éhwﬁsp@ﬁoyﬁw@y@éhﬂl@@d the
al um num substrate 1), and cells at™ 6. The anodized filmillustrated in

Fig. 1, WHLh £z &d stsiRfad hgodor pUsd | Ay6Fe ok bbrhs hasriokagge number of
pores opening at the surface of the film and the non- porous barrier |ayer

5, exhi bidsyichhdeii@rceors o8Oy ¢&S5i st@nCeent tirei sy r uctyr ez oknéhe
barrier layer 5is at |least partly converted into (pseudo)boehmte, as
conpar ed raMdtirepmient 4 Dmed nioar sules t tayer s Tl ¢ hedsaieg t hedknesshewhi ch are
not converted into (pseudo)boehmte. The inproved corrosion resistance is
Significadegmrt HhrGerBERR006( 11 ivhdiarfyl lédweponvlee stermi Mi{pseudo) -

(pseudo) boehmte is so carried out as to neet the follow ng requirenents.
(1) The dnodinzete itay dissose@ste ndeneixtioeeh obophosphoand paeudoand
chromc acid (conformng to JI'S H8683-2) only at a rate |less than 120

my/ dnR/ 1%aahinite) e Erediven Teorresidkrrseebriarioh wavybenuped sur-

;m> to dencote both of liquid corrosion resistance and gaseous
- corrosion resistance.)

Fig. 1 is a schematic sectiocnal view showing the make-
up of the ancdized film formed on the surface of the alumi-
num alloy member by anodic treatment. In this figure,
there are indicated an aluminum substrate at 1, an anodized
film at 2, pores at 3, a porous layer at 4 (in which pores
3 are formed), a barrier layer at 5 (which is a non—pofous
layer existing between the porous layer 4 and the aluminum
substrate 1), and cells at 6.

::) The ancdized film illustrated in Fig. 1, which con-
sists of the porous layer 4 (which has a large nﬁmber of
pores opening at the surface of the film) and the non-
porous barrier layer 5, exhibits much beifter corrocsion
resistance if tﬁe structure of the barrier layer 5 ié at
least partly converted into (pseudo)boehmite, as compared
“with conventional barrier layers of the same thickness

which are not converted into (pseudo)boehmite.

The improved corrosion resistance is significant par-



face area |l ess than 15% after standing for 2 hours in an atnnspheregggpzmﬁ
argon containing 5% chlorine (at 300C). (3) The anodized filmhas a
hardness (Hv) no | ower than 420. The anodi zed film neeting the
above-nentioned require- nents (1) and (2) prevents corrosive |iquids and
gases from infiltrating into it and reacting with the al um num sub-

strate. Incidentally, as the barrier |ayer changes into (pseudo)boehmte,
the poroys diaysen e ddierdasrdLrid@yelps & Kdangese i 1§ 0so carried
(pseudo) boehm te.” This renders the sur- face of the anodized filmand the
pore inngyuadd s:Pfmddte tHROreuEl dvairef FEfel Fasdstant to corrosive |iquids
and gases. The anodized filmneeting the above-nentioned requirenent (3)
exhi bits good asmdesdstanne. didsdoldows 4 herefwre, of haliosbwatrbam al | oy
menbers w |l exhibit good corrosion resistance and plasma resis- tance if
t hey haveidini analligesbriid nmaeet (oghfdenabpviee TENHDEOR-2 pqunienent s.
According to the present invention, the anodi zed film superior in liquid
corrosi oratesilsdtsamcehdrs Charmeid’i/dédmin. that it has a barrier |ayer whose
structure is at least 7 6 SEP 2006 partly converted into (pseudo)boehmte
and it nmef®l y Wis subddsed nf blmi suifer of cophospion | erbyi Hh ahbls chrdni ¢ aci d
at arate less than 120 ng/dn2/15 mn, preferably less than 70 ng/dnR/15
mn, and frost e rady tess tham ey amdasy fon 1 whedr sredgured by the

i mrersion test conforming to JIS HB8683-2 1999). Incidentally, the anodized
filmuwil 2ERRSPhsdR R PR R Y6 rosi Gl @bl ke3P @si)stance if the
nf> (3) The anodized film has a hardness (Hv} no lower than
- 420,

The anodized film meeting the above-mentioned require-
ments (1) and (2) prevents corrosive ligquids and gases from
infiltrating into it and reacting with the aluminum sub-
stfate. Incidentally, as the barrier layer changes into
(pseudo)boehmite, the porous layer near the barrier layer
also changes into (pseudo)boehmite; This renders the sur-
face of the anodized film and the pore inner walls of the
pdrous layer more resistani to corrosive ligquids and gases.

M) _ The anodized film meeting the above-mentioned requirement
(3) exhibits good plasma resistance.

It follows, therefore, that aluminum alloy members
will exhibit good corroéion resistance and plasma resis-—
tanée i1f they have an anodized film meeting the above-
mentioned requirements.

According to the present invention, the anodized film
superior in liquid corrosion resistance is characterized by

that it has a barrier layer whose structure is at least



rate of dissolution is greater than specified above even though 'tSESEPZMB
barrier layer is converted into (pseudo)boehmte, or if its barrier |ayer
is not converted into (pseudo)- boehnmte even though the rate of
dissolution is lower than specified above. Meanwhil e, conversion into
(pseudo) boehm te can be achieved by hydration nentioned | ater. However,
hydrati on expands the anodi zed filmand even brings about cracking if

conver si a#@ig é@ﬁ@HQQ%BOEHBBt?pQéﬁ&@?EéeﬁﬁE%éshM§|Yt nEhagks gig-t he

anodi zed ermt infiltration of corro- sive |liquids and gases, which

of fsets the)dighi fOLTAskeNrQ HeshabapRErachbevgdahy enpveisi aeiaf athe _
barrier layer into (pseudo)boehmte. Mreover, corrosive |iquids and gases

infiltratg poteont¥st bhaygh20r agkamtm 3 heid, Ipndmgraadlsp 1444 otighn defect s

(such as pitting) resulting fromcrystalli- zation in the al um num

substr at engy aht/am iniadeqial en@todicsi tdiEat Merds  tCons eueng f gm’® /tite anodi zed
filmaccording to the present invention should pass the above-nenti oned
test formimmersénnmeasargixbyr ehef iphegphoni teati doafidroingnite Jasi d and
al so should be free of filmdefects such as cracks. 8 6 SEP 2006

Unf ort unai@b§3-2he9phpsphdniccdavtdidthy oithe acpdikadefidmomitléstioment i oned
above does not reveal the presence of cracks and defects in the anodi zed
film Andexhibis detfisfactbryt ootdepetonl svdl pépavksrandsdehneet ¢ fhyhe
observation under an optical or electron mcroscope. In order-to

el i mi nat erahesofi i pealuyiophésppesaheri ihent spscirkedt pboyat €¥eel ati ons

bet ween corrosjon resistance_and corroded area, which were observed after
san@)es hEBOBQEnlEFaEQHrFﬁr layer is converted into (pseudo)boehmite,

or iLf its barrier layer is not converted into (pseudo)-
boehmite even though the rate of dissclution is lower than
specified above.

Meanwhile, conversion into (pseude)boehmite can be
achieved by hydration mentioned later.. However, hydration
expands the anodized film and even brings about cracking if
conversion info {(pseudo)boehmite proceeds excessively.
Cracks in the anodized film permit infiltration of corro-
sive liguids and gases, which offsets the high corrosion

h;) resistance achieved by conversion of the barrier layer into
(pseudo)boehmite. Moreover, corrosive liquids and gases
infiltrate not only through cracks in the film but also
through defects (such as pitting) resulting from crystalli-
zation in the aluminum substraté or from inadequate anodic
treatment. Consequently, the anodized film according to |
the present invention should pass the above-mentioned test
for immersion in a mixture of phosphoric acid and chromic

acid and also should be free of film defects such as cracks.



D an atnosphere of argon containing 5% chlorine at 300C. As the respéip 100§
was found that the anodi zed fil m keeps good <corrosion resistance if Its
corroded area is less than 15% preferably |less than 10% of its total
area. This nmeans that the anodi zed fil m exhibits good corrosion resistance
and has no defects such as cracks, if its barrier layer is at |least partly
converted into (pseudo)boehmte to such an extent that it passes the acid
i Mer si on t estyth-19a%: €07y, 98 hd SshoPEAt henedcabere: dbedt eher-
"boehni t e" and "pseudo- bo %n1te as used in D the present invention denotes
al umi num bygr oxkge hent eserl- aBdviydbbe generalebor fhkapetshh2eBal20, where
nis 1to1.9. Wether or not the barrier layer is in the form of

( pseudo) beehsk & easandbeckowinf then anatlysed by lX-rapndi f4itf tactiid@firet hod,
X-ray phot oel ectron spectroscopy (XPS), infrared spectroscopy (FT-IR),

SEM or t&eltike. dépectelbeaddcpbcRachndndbysesscbysodserohtabser vi ng
through an SEM the cross section of the anodized filmof the al um num

al | oy nenbedert erepyispécotyehgchoonfaictrhecbaeri ednl ayeeri to9 6 SEP 2006
is fromthe alum num substrate (or specifying the thickness of the barrier
layer), aatiipénébenthgsxdiéyidiltyacthenpandenk- fayephorseliosessd -
spectroscopy (XPS) in the direction of thickness (or depth), thereby
measur i nggehedxre ?tépﬂﬁrh@twﬁ?éncﬁééﬂsﬂﬁ@eﬁ§ﬁﬂ§téﬂcﬁlﬁ@d Aoroagdegnd

Al -O-OH constitut- ing the anodized film which pernmits identification and
quant|tatF%@adeWE%ﬁhnH?FSnObﬁﬁévﬁgsB¢F§50F3§Hé9§58§dt?Fﬁn PRecscedénce of

seudo) boehnmte in the barrier
(p;- ) an atmosphere of argon coxgalnlng 5% chlorine at 300°C. As

N the result, it was found that the anodized film keeps good
corrosion resistance if its corroded area is less than 15%,
preferably less than 10%, of its total area. This means

“that the anodized film exhibits good corrosion resistance
and has no defects such as cracks, if its barrier layer is
at least partly converted into (pseudo)boehmite te such an
extent that it passes the acid immersion test and gas cor-
rosion test mentioned above.

The term “boehmite” and “pseudo-boehmite” as used in

the present invention denotes aluminum hydroxide represent-

ed by the general formula of Al,0,-nH,0, where n is.l to 1.9.
Whether or not the barrier layer is in the form of

(pseudo) boehmite can be known from analyses by X-ray dif-
fréction method, X-ray photoelectron spéctroscopy (XPS),
infrared spectroscopy (FT—IR), SEM, or the like. One meth-
od of such analyses consists of observing through an SEM
the cross section of the anodized film of the aluminum

alloy member, thereby specifying how far the barrier layer



This nmethod of anal yses permts one to know whether or not the barrier

| ayer is at |east partly converted into (pseudo)boehmte. The alungpgﬂ;ﬂ
al l oy menber according to the present invention is required to hav h?ﬂ%
degree of plasma re- sistance if it is to be applied to vacuum chanbers for
dry etching apparatus, CVD apparatus, PVD apparatus, ion im plantation
apparatus, sputtering apparatus, etc. which are used for fabrication of
sem conductor and liquid crystal devices. The anodized filmis subject to

damage (SYchras tihd m1sefiaRind Gutyt 1 Bs Mo haspagl By ieg gehanohiht ks physi cal
energy. Plasma tends to concentrate at the edges of pores on the surface
of the anaditzed HddmerTheiyesyl tamdfpdheo piiase i - iay edt 6f sdct bseasnhes re-
veal ed that while the barrier layer is being at least partly converted
into (psevde)bedfutides aas mentdpgrnedrabovey (PR sin fave dfrédiei@modf zed fil m
is also converted into (pseudo)boehmte, with inprovenent in plasna

resi st antévi ckidss plrenasnion ;i sshetelyetmdaglyined ucheafeday hdiweveac-it is 10
6 SEP 2006 assuned that conversion into (pseudo)boehnte increases the
bondi ng $tirengidrlofirdtenssi teormst iAtOn@ Y HeH f idmd IekPneHt fenstitwthar der
and denser, which leads to inproved plasma resistance. For the anodized
filmto hage e fandime gl Hislm mavlriesh sperfekt s | tdeheold Hoabien a@®ar dness ( Hv)
hi gher than 420, preferably higher than 450, nore desirably higher than
470. As Btoied aphvie taHel na i hum B ofe fiehbero hcedRr d4YSehgtedl t he

resent invention exhibjt 00 orr.0sj on resj.s-
P the presence o% ap el of%oehmite {n the barrier layer.

;fﬁ This method of analyses permits one to know whether or not
the barrier layer is at least partly converted into
(pseudo)boehmite. |

The aluminum alloy member according to the present
invention is required to have a high degree of plasma re-
sistance if it is to be applied to vacuum chambers for dry
etchihg apparatus, CVD apparatus, PVD apparatus, ion im-
plantation apparatus, sputtering apparatus, etc. which ére
used for fabrication of semiconductor and liquid crystal.
devices. The anodized film is subject to damage (such as

m) film-séraping) by pilasma having a large amount of physical
enerQy. Plasma tends to concentrate at the edges of pores
on the surface of the anodized film.

The results of the present inventors’ researches re-
vealed tha£ while the barrier layer 1is being at least
partly converted into (pseudo)boehmite as mentioned above,
the.surface of the anodized film is also converted into
{pseudco)boehmite, with improvement in plasma resistance.

This phenomenon is not yet fully elucidated; however, it is

10



tance and good plasma resistance if its surface (anodized film is
adequately converted into (pseudo)boehmte and adequately nodified
i npart a proper hardness. In what follows, the present invention wl
de- scribed in nore detail with reference to a typical nmethod of
production, which is not intended to restrict the scope of the present
i nvention but may be nodified wiwthin an extent not harnful to the effect

?fe- t er P%te"slssg]ﬁnntseci rPfl%IEE[ ic%@ivelf]sf £ iq{&ss({gaﬁ%d}yo%%g%jf%?effcfiaeség).

An adequ

mechani ca

whi ch ar

on al um num or al um nu oy ‘constl

conductivity, electrical conductivity,

&gy riidsd aq%fq gﬂﬁqs@t,ewﬁﬂ H Ofe MACULWN GHANDEL S . NpEROVer
ave an adc

al um num substrate shou

anmount and 8. Rle o bl e dmt ard al sy whiehy @i dess 2 had gl

equate conposition (‘governing t

filmexenpt fromcracking. The al um num substrate should contain an

adequat el bk iGtSER 2006 fanirdIHL6ek amotddsal (oY) corpenentisan

(especially Si, Cu, and My) because it crystallizes out excessive al

conpo- neyues. phR&idrb) eniadigd nihars WD, r alcerd sdddataiofy A dler athay

§ SEP 2006
| be

cific

ing the substrate.

t&ﬁ;ﬁéﬁf@ﬁ%ﬂa& taeco%&ott!o%sbﬁtﬁpcn}ge%ﬁ@ £#10m the standpoi nt - of

etc.
t he
he
zed

| oy

containing 2.0-3.0% of My, less than 0.3%of Si, and less than 0.1% of Cu.

An adequat@l.y controlled content of

and si ze

of the crys- tals which separate out. The renai nder of the

al | oy conponents reduces the anount

al um num al |l é¢ mentiioned abowe,slhde dlsobstentaldldy rysmsdurdauomd- however
it may contain inevitable inpurities such as C&, Zn, and Ti. The content

oﬁiﬁhese

ineia difle AYRRRNT ilgwvention exhibits good corrosion resis-

tance and good plasma resistance if its surface (anodized
film) is adequately converted intc (pseudo)boehmite and
adequately modified to impart a proper hardness.

In what follows, the present invention will be de-
scribed in more detail with reference to a typical method
of production, which is not intended to restrict the scope
of the present invention but may be modified within ‘an
extent not harmful to the effect of the present invention.

In the present invention, there are no specific re-
strictions on aluminum or aluminum allioy constituting the
substrate. An adequate aluminum substrate should be se-
lected from the standpoint of mechanical strength, thermél
conductivity, electrical conductivity, etc. which are re-
quired of the matefial for vacuum chambers. Moreover, the
aluminum substrate should have an adeqﬁate composition
(governing the amount and size of crystallized ﬁaterials)
which gives a hard anodized film exempt from cracking.

The aluminum substrate should contain an adequately

11



shoul d be as small as possible, preferably no nore than 0.1%in total.
Excessive inpurities release thenselves fromthe filmsurface duri.ngSEp 7008
operation, thereby causing contam nation to objects being treated (such as
sem conduc- tor wafers). It is assunmed that after the above-nentioned A -M
al l oy has undergone anodic treatnent, My reduces difference in thernmal
expansi on anong cells in the anodized film although this nechanismis not
yet fully elucidated. For the alumnumalloy to fully produce its effect,

the cont eptntpbiMygshaulftpoef erablycbepdnente 3eBYecExgegstie My, nakes
t he anodi zed fil mpoor in hardness. Si conbines with Mgy to form MyZSi or

separ at eszpdt Mgn bekbeukkl bttt erfetalaiskki can depesktivehaidofmentbored
later). MyZSi prevents My from producing the effect of reducing

di f f er enceenhtst herndksexphbsai abuaimng eebksratEhescahkéntf afi-Bg shoul d be
| ess than 0.3% preferably less than 0.2% 12 6 SEP 2006 Cu nakes the
anodi zed &ilaoyt oodeeirang EnChardhess, Mgl t hesghthenf 6r. 38 oifit st eoes around
My2Si resulting from excessive Si. Such interstices reduce difference in

t her- mal legxpahbkonOat®ngfcéli.s An eHequabdilyedohitirmllad gdateglatd Cu
content to give a sufficient filmhardness should be |less than 0.1%

pr ef er abl §lLegscomppanendevs etrecsl thenamrantopninsike pifesdnt Cidenti on may
be incorporated with sonme alloying elenments for its desired,

char act er F8tFcyhighaficrRtahe ﬁ@%-ha?ﬁ?uﬁe@élpﬁérf9ﬁc¢h§naépmlpﬁ@-anodized

film However, such allqy elenments as chrom- | ,
: alloy mentioned” above should substantially be aluminum;

‘f} however, it may contain inevitable impurities such as Cr,

- Zn, and Ti. The content of these inevitable impurities
should be as small as possible, preferably no more than
0.1% in total. Excessive impurities release themselves
from the film surfa;e during operation, thereby causing
contamination to objects being treated (such as semiconduc-
tor wafers).

It is assumed that after the above-mentioned Al-Mg
alloy has undergone anodic treatment, Mg reduces difference
in thermal expgnsion among cells in the anodized film,

,) although this mechanism is not yet fully eluéidated. For
the aluminum alloy to fully produce its effect, the content
of Mg should pfeferably be 2.0 to 3.0%. Excessive Mg makes
the anodized film poor in hardness.

Si combines with Mg to‘formAMgéSi or separates out in
the film to form a silicon deposit phase (mentioned later).
Mg,Si prevents Mg from producing the effect of reducing
difference in thermal expansion among cells. The content

of Si should be less than 0.3%, preferably less than 0.2%.
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um and zinc shoul d be avoi ded because they scatter out from
filmattacked by plasma during fabrication, thereby causing
to sem conductor and liquid crystal devi ces. The al um num s

t he anodj zed
cont ani rfaefiFo#0

ubstrate may

contain crystallized mate- rials originating fromalloying el enents and

inevitable inpurities. The crystallized materials are solid
undi ssol ved in the substrate alum num matri x. For exanple,

S remain- ing
an excess

amount of Si QN IS SOl S, a0 de s B VS A L2005 Ol | NabBige BRI T X SUCh

crystallized nma I'- als ' renain 1n the anodi ze

during _anodhgubheat MEDbus ANk LhEL1 LBt SEbARE MhLD: thasidm

infiltration corrosive l1quid d gases. Thos,” the ano

out disSol ution

fhX permts
ized filmis

poor in corkoskpper &8sl St 8AER- 1hﬁe£§€1cé@sﬁegﬁcéndﬁﬁﬁékéﬁéefhh”kﬂb&h
crystallized SI as showmn in Fig. 2, there is a void 7 between the

crystal ligzed ék%E 8nangn hhenanedizedifi tArmahbbxz2d Fhim,vopd peeni ts

corrosive 13 6

P 2006 liquids to infiltrate and reach the al um num

substrat equbitehchagkstentr 061 ghveesi shancei eNor €QVer hatthee¥ei ghostiarts
cracki ng |n t he anodi zed film Consequently, crystallized materials should

be as feweaseposshbheof s, i ppedueapbty Lassothesi On0kesi st an
cracki ng resi stance. Mreover, they should have as small an

ce and
aver age

particle size Ese pobsiiiten sol 1dmatin higdye ageedseme iteentihoh heay ldverse
ef fect even though they exist in the anodized film The snmall particle
si ze reducesorbergbednelithf svuedslandintecdamantsofornfiikt dasimgdcorrosive

liquids. |In addition, it is desirable that the crystallized

materi -

 i} characteristics to an extent not harmful to the Ffunction ot

the anodized film. However, such alloy elements as chromi-

um and zinc should be avoided because they scatter

cut from

the anodized film attacked by plasma during fabrication,

thereby causing contamination to semiconductor and

crystal devices.

liquid

The aluminum substrate may contain crystallized mate-

rials originating from alloying elements and inevit
“impurities. The crystallized materials are solids

ing undissolved in the substrate aluminum nmatrix.

able
remain-

For

_;) example, an excess amount of Si remains undissolved and

crystallizes out in the matrix. Such crystallized materi-

als remain in the anodized film without dissolution during

anodic treatment, and their interface with the film matrix

permits infiltration of corrosive liquids and gases.

the anodized film is poor in corrosion resistance.

Thus,

In the

case of an anodized film with crystallized Si as shown in

Fig. 2, there is a void 7 between the crystallized

Si 8 and

the ancdized film matrix 2. This void permits corrosive
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als in the substrate should orient in the direction paral- lel toits
surface, as shown in Fig. 3, because they remain orienting in the s&SEP 2005
direction after anodi zation and hence prevent corrosive liquids from
infiltrating in the depth direction (or thickness direction). This |eads
to inproved resistance to corrosive liquids. Furthernore, the anodi zed
filmw th horizontally orienting crystallized materials is less liable to

cracking {ham dheone, W thyes tical F¥agpi enenting: shystabbizederterial s.

Thus, the m num substrate shoul d preferably contain Ine crystallized

mat eri al s,;07dientd g RAS A 81 o Ord HesSthce f acRoLBETERT - cALL HOUgh such
crystallized materials may remain in the anodized fil.mforned thereon

afterwar gt dhey «Sidking etithd hehsgprdgi palnfine size and original orient-
ing direction. Consequently, they are adequately separated from one

another in theotiddiealt 1di,r eatyars li N Mu ik €OF 101 4160 BREP 2906 sdwe
liquids infiltrate. This structure is effective in blocking corrosive

liquids agl wasesols ot nimptsaémagt 1hrevghotheni peeitaspcbesneen the
alum nummatrix and the «crystallized nmaterials. For crystallized particles

t o producerddiel rapovesiseniconedietéecty, t heyyshiavhddhaxecaapashiatie size
such that the shorter axis perpendicular to the longer axis is on average
no | ongeran heveddsprpapried ke abl ye nos | pogeiblhaso Bhpm theg avst liesirably
no | onger than 3 pm In the case of deposited particles, it should
pref erablytde o tlongeradyerage 2cpheandeviest thiesghabhgybexhst| sngehet han 1
m The above-nentioned particle size is an average one; the maxi- -
- anodized film. The small particle size reduces the volume
of voids and the amount of infiltrating corrosive liquids.
In addition, it is desirable that the crystallized materi-
als in the substrate should orient in the direction paral-
lel to its surface, as shown in Fig. 3, because they remain
.orienting in the same direction after anodization and hence
prevent corrosive liquids from infiltrating in the depth
direction (or thickness direction}. This leads to improved
resistance to corrosive liquids. Furthermore, the anodized
film with horizontally orienting crystallized materials is
HM} less liable to cracking than the one with vertically ori-
enting crystallized materials.
Thus, the aluminum substrate should preferably contain
fine crystallized materials orienting parallel to the sur-
face therecf. Although such crystallized materials may
remain in the anodized film formed thereon afterward, they
still retain their original fine size and coriginal orient-

ing direction. Consequently, they are édequately separated

"from one another in the verticzl direction in which corro-
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mum particle size should be no larger than 15 m prefera- bly no |arger
than 10 m O herw se, the resulting ano- dized filmmy not have + 5 SEP 2006
satisfactory corrosive liquid re- sistance or cracking resistance.

I ncidental ly, the average particle dianeter is defined as the quotient of
the sum of the maxi num di aneters of 7) individual particles divided by the
total nunber of parti- cles. The particles are observed on the cross

section 0%ivrehﬁfiaw%n%mﬁq'%%aﬁc@.e and st he ranadirked o idindarirrd itrher eon

with the help of "an optical mcroscope (said cross section being

per pendi cyh grkt gt BErsuLfidee 10kt ahumpwasTerel )infihe @nradigzed fil m may
be subject to |oCal deteriora- tion due to crystallized or deposited

particl estwhbghhakBe YReweHaycdisslifvul @the RARmMARIIance i6f drd s:Ha oubl e,
such particles should desirably be uniformy distributed in the 15 6 SEP
7006 anoakygqaﬁnﬁﬁdeﬂh$eQth@L is achieved only if such parti cles are
uniformy distributed in the alum num substrate before anodic treatnent.
| nci dental |y, Fhereraseabbispécparticleestoi prbdngeoihtheboethod for fine
di spersion and wuniformdistribution of such particles in the al um num
subst r at emelhéocabgeet: fray , behaghisévoed dhyhacentar gldntnig ltehes L zmashialg rat e when
the al um num substrate is produced. In other words, the particle dianmeters
can be rethetdths shertegoliig ratredndicadtamdgd shreaxiongeed.axic bes
concrete, the cooling rate in casting should be no smaller than 1C s,
pr ef er abl pnnévemrabeenct RangeaC/than d Cagan t icdrefaneeln Mgl lovamr thhegt nent
(such as T4 and T6) is able to control. the shape and distribution of
depﬁ?ited6p§FWiépésm8§tdé§ﬁﬂé@bly no longer than 3 um. In the case
- of deposited particles, it should preferably be no longer
than 2 pm and most desirably be no longer than 1 um. The
above-mentioned particle size is an average one; the maxi-
mum particle size should be no larger than 15 um, prefera-
bly no larger than 10 um. OCtherwise, the resulting ano-
dized film may not have satisfactory corrosive liquid re-
sistance or cracking resistance.
Incidentally, the averége particle diameter is defined
as the quotienf of the sum of the maximum diameters of
”:} individual particles divided by the total number of parti-
cles. The particles are observed on the cross section of
the aluminum substrate and the anodized film formed thereon
with the helb of an optical microscope (said cross section
beiné perpendicular to the surface of the aluminum member) .
The anodized film may be subject to lccal detericra-
tion due to crystallized or deposited particles which are

unevenly distributed. For avoidance of this trouble, such

particles should desirably be unifermly distributed in the
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In other words, heat treatnent is carried out such that the nelting
tenperature is as high as possible (close to the solid phase high
tenperature) so that supersaturated solid solution is formed, and: th$&P 1006
heat treatnment is followed by aging in two or three stages. Heat treatnent
under ade- quate conditions that follows casting nakes deposited par-
ticles small and ensures their uniformdistribution in the substrate
matrix. In addition, crystallized particles and deposited particles

readi |y oghgRt bR Fhendi regtkoBpekioli s exhikskanoan yhatr salchi pe rthat
follows casting. Thus it is possible to nake particles orient in the

paral | el dikgchirenunagsoranti anedrabored firt hdedianeatinom elibextrats on or
rolling is adequately controlled. The present invention features the state

of the anperdBe6a86R1200¢cadinzad .f i Imcidiendadd ypotthepeciafriec ald ypeedti ct

t he condition under which the anodized filmis forned. The anodi zed film
shoul d beffeeeecatranyidateehs thauaktasdefack<ineoiddspeardonpesld ng from t he
al um num substrate. O herwise, it does not exhibit satisfactory corrosion
resi st ancenhéocamsdisuchbutébacts perci taintfiidliesatinofthef adomiasive | i qui ds
and gases. In addition, such defects nake the anodized fil mpoor in
surface smaobshmess.an@heaobdepltasmy e cohd@vedaby cheiteod linghitéle | eads to
| ow pl asma resistance. Mreover, such de- fects permit infiltration of
corrosi vechpgindsrate gasas thewhilegmizugo suesdsate drsatiosiugscor y 1&or r osi on
resi stance. The above-nentioned _anodic treatnment which is perforned on

t he al uni AGRESUHSEASY e LEBEsPRY LpFE JesMERETan6drz 68 FrOMCafthi®Eh Gh¢ free of

defects, such as cracking, and has a hi%h_
-, cooling rate in casting is maximized. To ke concrete, the

Hg) cooling rate in éasting should be no smaller than 1°C/s,
preferably no smaller than 10°C/s. In addition, the finzl
heat treatment (such as T4 and T6) is able to control the
shape and distributicn of deposited particles as desired.
In other words, heat treatment is carried out such that the
melting temperature is as high as possible (close to the
solid phase high temperature) so that supersaturated solid
solution is formed, and this heat treatment is followed by
aging in two or three stages. Heat treatment under ade-

5i) quate conditions that follows casting makes deposited par-
ticles small and ensures theilr uniform distribution in the
substrate matrix. in addition, crystallized particles and
deposited particles_readily orient in the direction of hot
extrusion br hot rolling that fcllows casting. iThus it is
possible to make particles orient in the parallel direction
as mentioned above if the direction of extrusion or rolling

is adequately controlled.

The present invention features the state of the ano-
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filmhardness, as featured in the present invention. The anodic treatnent

is carried out by using an elec- trolytic solution which is exenpli:f§&gP Bb
an inorganic acid (such as sulfuric acid, phosphoric acid, chromc acid,
and 3 boric acid) or an organic acid (such as formc acid and oxal ic
acid). A desirable electrolytic solution is one which has a | ow dissolving
power for the anodized film A solution of oxalic acid is particularly

d bl e b t I ' h

el act 1ol y £ Eo0oT L Hhe PBte O CamB OTeBR LTy e Yo ey EOsTy SRS S I m
G h t I d,
whi ch hav ACEnEPH: S08 é?l%d%eﬁi&%l o (e %‘ﬁﬁd?%% A2 hever” L hey
1o not 17sfoRER 8009 :RCLH Lolheiredl el Ml 0. Alcqu alecd df it ent |y
hi gh rate. Yrerefor &, “ral onic aC| shoul e Gsed in combina- tion with

oxalic acggemnacg%ﬁr 2he Gherfirhm %%t&%treat € othERGi QAT 8 tNQIcHReCi fi ¢

restrictions on'the concentra tions of the electrolytic solution, which may

be adequapghy ¢x9BY 10lsked sFueh Ao drhe s8loRC trieQli Witiae (R0 of G an
anodi zed filmfree of defects (such as pitting) at a suffi- ciently high

film growgager@kepetie! aelrialia c3olost icer roefi vexalii iae drsheulgkhave a
concentration higher than 2% so that it provides a sufficiently high film

growi ng rakeaddhiewewer suich sledwod shawsea teeneenidialedort illewgiodrham 5% so as
to avoid its possibility of causing pitting to the anodized film There
ar e ot her skrdarcelseocbbngtsisc ahal utaiers dllzama rentdooret taladee tharexgnpl e of
themis a solution of sul-
:ﬁ) wnich leads to lqw plasma resistance. Moreover, such de-
- fects permit infiltration of corrosive liquids and gases,
which also leads to unsatisfactory corrosion resistance.
The above-mentioned anodic treatment which is performed on
the aluminum substrate easily provides the anodized film
which is freé of defects, such as cracking, and has a high
film hardness, as featured in the present invention.
The anodic treatment is carried out by using an elec-
trolytic solution which is exemplified by an inorganic acid
(such as sulfuric¢ acid, phosphoric acid, chromic acid, and
i:} boric acid) or an organic acid (such as formic acid and
oxalic acid). A desirable electrolytic solution is one
which has a low dissolving power for the anodized film. A
solution of oxalic acid is particularly desirable because
it permits easi'control of anodizing conditions (sucﬁ as
electrolytic voltage etc.) and readily forms a very smooth
ancdized film. Other organic acids that can be used are

malonic acid and tartaric acid, which have a small dissolv-—

ing power for the anodized film. However, they do not
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furic acid, which yields an anodi zed filmwhich is hard but subject to
cracking. Therefore, anodizing with sulfuric acid needs nore strin Sh 2006
control than anodizing with ox- alic acid for the conposition of the

al um num substrate, the tenperature of the electrolytic solution, the
voltage and duration of electrolysis, and the concentration of sulfuric
aci d. Anot her exanple of known electrolytic solu- tions is chromc acid.

Chromi ¢ _agl gy POUR Ly oaRYSaSEile coesibl B9 anedezed: ELbMylgigantain

chrom u inpairs t characterrstic properties o m conduct or and

liquid c al j a i oned; ab ngdi Zi Lt BophR9sphoric acid
is al so k%%g%j\Fg§%€§§§rei§mgﬁgéﬁezgg%a ?%ggaéfg?sé?ﬁg gPsggvagﬁgge of

causi ng the,k espthi g 8pe gbzgdebi 58&&@eggﬂéatﬂe_r@ﬂﬁu?kpmggpmw& whi ch
i npedes the hydration reaction, thereby presenting difficulties in

conversion of dihe-bafrd afc | §yeFi f ¢ Or d PSLLEO) HOSheh tehe MfEONEFa-aN
el ectrolytic solution of boric acid does not provide any anodi zed film

wWith a suffdesept thecknessrédytitheohaeessar yhebaraayebeshidequaerart i es
because of its |low dissolving power for alum num There are no specific
restrictionstonllde bath teat peeatleetoblyhécekettitdbyt forsesl ani on for
anodic treatnent. Anodizing with an excessively |ow bath tenperature does
not provimedazsdffitnefitéy biglefebisgrnewrhgasapetbutgl) edtices sutflid -
anodi zi ng efficiency. Anodizing with an excessively high bath tenperature
di ssol vescidet hviodi gedftinnvandingauses - defacesetbrplytThesbatirivanper at ure
of oxalic acid should be no |ower than 10C, preferably no | ower than 15C
m) cf oxalic acid should have a concentration higher than 2%

so that it provides a sufficiently high film growing rate.

However, it should have a concentration lower than 5% so as

to avoid its possibility of causing pitting to the anodized

film,

There are other known electrolytic solutions than

mentioned above. An example of them i3 a solution of sul-

furic acid, which yields an anodized film which is hard but

subject to cracking. Therefore, énodizing with sulfuric

acid needs more siringent contrel than ancdizing with ox-

%) alic acid for the composition of the aluminum substrate,

the temperature of the electrolytic solution, the voltage

and dufation of electrolysis, and the concentration of

sulfuric acid. Another example of known electrolytic solu-

tions is chromic acid. Chromic acid, hdwever, causes thé

resulting anodized film to contain chromium which impairs

the characteristic preoperties of semiconductor and liquid

crystal devices, as mentioned above.

Anodizing with phosphoric acid is also known. However,
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.and no higher than 35C, preferably no higher than 30C. There are no
specific restrictions on the bath voltage for anodic treatnent. The $ft 1805
vol tage shoul d be ade- quately controlled according to the film grow ng
rate and the concentration of the electrolytic solution. Anodizing wth
oxalic acid at a | ow bath voltage gives an anodized filmhaving a | ow
hardness and is lowin filmgrowng rate (and hence is poor in anodizing

ef fici engy) -su%%(:ﬁi%’e‘?hﬁsfdr%si%&%ﬁ{@é & i ghy batd vol pos.gekes-the

resul ti ng ano- i ssol ve, causing defects to it. The bath

vol tage sfioud deNad uhit 4Man &0 da Pre{ @@t s N ayh 0ver i hfe §e SEPL 2006
than 30 V, and no higher than 120 V, preferably no higher than 100 V. The

dur at i on Q4 ARAYE AdRALIMBN Hife Py SPAHenditpldyrfasiTitéedinit may be so
establishéd as to give a desired filmthi ckness. There are no specific

restri ct icoms <y itdie dihitglanessr ofer theyanoditzed f4dumdd Jobehhpraed by the
anodi ¢ treatnent. The anodi zed fil m shoul d have a sufficient thickness so

that it exhideivies,geed gaseousl ¢ofd asd ot f@sist anee c | dcid ddo€eornosi on
resi stance, and plasnma resistance. It should be no thinner than 10 m
pr ef er ablpravd dehiamerarddine£2b i lm antthhostsuleSi giadtly tiol ¢chieaner fohan 40 Mn
It should also be no thicker than 1200 m preferably no thicker than 100
hum and tiesthadesigaabt wchrrddiekestihar@édepiies Areexces-ofi vesylohi ck film
is liable to cracking and peeling due to internal stress. According to the
present idivveEnivomg tdwveinodi iz el Wi mim obt ai ned by anodic treatnment shoul d
undergo hydration for . o
_") There are no specific restricticns on the bath tem-
perature of the electrolytic solution for anodic treatment.
Anodizing with an excessively low bath temperature does not
provide a sufficiently high film growing rate but reduces
the anodizing efficiency. Anodizing with an excessively
high kath temperature dissolves the anodized film and
causes defects to it. The bath temperature of oxalic acid
should be nc lower than 10°C, preferably no lower than 15°C,
and no higher than 35°C, preferably no higher than 30°C.
There are no specific restrictions on the bath voltage
“D for ancdic treatment. The bath voltage shoulid be ade-
guately controlled according to the film growing rate and
the concentration of the electrolytic solution. Anodizing
with oxalic acid at a low bath voltage gives an anodized
film having a low hardnéss and is low in film growing rate
{(and hence 1is poor in anodizing efficiency). By contrast,
anodizing at a high bath voltage makes the resulting anc- .

dized film to dissolve, causing defects to it. The bath

voltage should be no lower than 20 V, preferably no lower
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conversion into (pseudo)boehmte. Incidentally, since hydration chapges
the pore dianeter, the present invention does not specifically reétﬁgEﬁgmﬁ
the diameter of the pores which are formed in the filmsurface after
anodic treatnent. The barrier layer plays an inportant role in pro- tecting
the al um num all oy substrate fromcontact with corrosive |iquids and gases
infiltrating into pores. Upon prolonged exposure to corrosive |liquids or

gases, r30 W eral@yes al{y-per s te theifeiabiltnathognke the
al um numhcglu st??%t\!é' V\E/-iultl{ﬁl Il?cit;rrei@%%nseq%ently, thﬂg ba?ri eri720 6 SEP 2006

llayer shaqul g pr@f ey abl yhdeg@sat hbeko 8SaPOSSE bt LeatpRyeis A8t BBebarrier
| ayer becones thicker, the pore dianmeter becones |arger, and as the pore

di anet er ﬂ_ﬁ‘&@lﬂiﬂ;ﬁ ekl ot ed Nei bapsi ebe bes 08BEaPDOEREA] AsPLasaRvEESI St ance.
This inplies that the barrier |layer does not inprove in corro- sion

resi stangedir& opp1h i @iteneéts. t hi ckness because it permts corrosive
| iquids or gases to nore readily infil- trate through pores init. This is

the reason whyrddie corwend i spwdi finodiged-fdatlmngars e tlavektdes batanced
pl asma resi stance and corrosion resistance, which is required of the
vacuum chambeinodhbed fikedtdabef Sbrrmedthbpntioé seodtontuenbmeand | i quid
crystal devices. Unlike the conventional one, the aluni num alloy nenber
accordi nfho dhedpredeht lmnveorldnhaxkai bi s fbotenestkiakpesst gocorrosi on
by plasnma as well as corrosive liquids and gases w thout the necessity for
a thick Bdrat eft|egleibivhf ciocdngeseabsycorudsieon acbhpfanpeor eldudmet er,
because it has

o corrosion resistance, and plasma resistance. It should be

no thinner than 10 pm, preferably no thinner than 25 Qe
and most desirably no thinner than 40 pm. It should also
be no thicker than 120 um, preferabiy no thicker than 100
um, and most desirably no thicker than 60 pum. 2An exces-
sively thick film i1s liable to cracking and peeling due to
internal stress.

According to The present inventibn, the anodized film
obtained by anodic treatment should undergo hydration for
conversion into {(pseudo)boehmite. TIncidentally, since

';> -hydration changes the pore diameter, the present invention.
does not specifically restricts the diameter of the pores
which are formed in the film surface after anodic treatment.

The barrier layer plays an'important role in pro-
tecting the aluminum alloy sdbstrate from contact with
corrosive liquids and gases infiltrating into pcres. Upon
prolonged exposure to corrosive liquids or gases, the bar-
rier layer gradually permits their infiltration to the

aluminum substrate with time. Consequéntly, the barrier
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the barrier layer whose structure is at |least partly con- verted into
(pseudo) boehmte. Incidentally, the thickness of the barrier layer is nfh
specifically restricted; it may be adequately established accordirmﬁﬁEP 006
performance required of specific uses. According to the present invention,
it is not always necessary to convert the barrier |layer en- tirely into
(pseudo) boehm te. The extent of conversion -into (pseudo)boehm te depends
on the degree of corrosion resistance required. 21 6 SEP 2006 "Converting

the barrigfyday&lo@dty | eastePAILYod Nt (DA boebsibes . meassetvBa)] the
porous | ayér on the barri- er layer is also converted into (pseudo)boehmte

because Jwydiat iH)- €84S €Ba GORVISE ShRds | il Do k@B L ueod boehsi & eahetpro- ceed
fromthe surface of the anodized film Therefore, the anodized film

accor di nghddbride uegent amdeasi e hasré t &iametéackeepantsalspgeopvert ed
into (pseudo)boehmte and hence it exhibits better plasma resistance than
t he convetid Giatri@aneaddhost pconyer sh onliantd psestapbeehnthesi f the pore
diameter is the sane. I'n addition, the anodized filmit- self has inproved
corrosi onimelsiest artcet | fhe tisasniénckapartdoes monvenpedvenin corro-
(pseudo) boehm te. Conversion into (pseudo)boehmte is acconplished by

hydr at i ors i chedssparder medeoppthel amotd zeds f thhekoesal becaitaanidxi de
film formed on the alum num substrate. Hydra- tion consists of inmersing
t he anodipEdiits MO Mdivoat bAUies eXpossey thdranedreediiy| imtdlst eam (at
100C or above), . thereby sealing pores. Conditions for hydration may be
proper | y estigh| FFeush SPRERS hidr &t on brings about vol une

:fj 7 This is the reason why the conventional anodized £ilm

- does not have the balanced plasma resistance and corrosion
resistance, which is required of the vacuum chamber member
used for fabricatlon of semiconducteor and liquid.crystal
devices.

Unlike the conventional one, the aluminum alloy member
according to the present invention exhibits good resistance
to corrosion by plasma as well as corrosive liguids and
gases without the necessity for a thick barrier layer which
inevitably leads tc a large pore diameter, because it has

m) the barrier layer whose structure is at least partly con-
verted intc (pseudo)}boehmite. Incidentally, the thickness
of the barrier léyer is not specifically restricted; it may
be adequately established according to performance recquired
of specific uses. According té the present invention, it
is not always necessary to convert the barrier layer en-
tirely into (pseﬁdo)boehmite. The extent of conversion
into (pseudc)boehmite depends on the degree of corrosion

resistance required.

21



expansion that starts fromthe surface of the anodized film it ne
accurate control for pressure, tenperature, and duration. Vol une e?ﬁgﬁém@n
near the surface shrinks pores, and shrunk pores inpede steaminfiltration
into them This in turn prevents the barrier layer fromconplete
conversion into (pseudo)boehmte. Mreover, excessive expansion in the
surface of the anodized filmwould cause cracking. Excessively short

hydrati on dOes\Mv@ﬁHﬁg§§gn@ﬁ&f%%¥ 6aLSEJhDe£Q@69ai°’€I§i QRthNto

(pseudo) boehm te. Convers excessively | ong hydration causes cracking to

the film whiGho pe¥ersety” ALERSt Sneer £Rsi ¥erblguldytesbat @neepakydrat i on
under high pressure permts steamto readily reach the barrier |ayer

however, it akserpiocgeds rapidbyednihbe fipkBuaLybaepmitkhpeelyisposi ng the
above-nenti oned problem Moreover, hydration at a high tenperature

pronot es Eeavet sbANcehstbBecoanedszed fthte i(pkeudpspudanbeehnit @rokonever,
it also pro- ceeds rapidly in the filmsurface, thereby posing the

above- mentéofedrpnobhemsufiecadequate pnedsued d@ndmt enThperdboure fthe
hydration with steam vary depending on the size of pores in the anodi zed
film theafiodieedi ckhassccandintheodthat ppasehthydrahicdnn Hgdr dattison with
steam needs precise control as mentioned above and hence presents dif-
ficulti essinfgrei pgrthelanodrredrietiniasospeehdedbprhiihite phngsdsnce
invention., Therefore, hydration by imersion in hot water is recomended.
Hydr at i onibyekhieiSFoherhehoplagner reRbakanpeetarabkpe eppreptporelvwat er.
Pure water may be incorporated with additives according to the object of
hyd@ation?nﬁobegPPt cenversion into (pseudo)boehmite if the pore
- diameter is the same. In addition, the anodized film it-

self has improved corrosion resistance if its surface part

is converted into (pseudo}boehmite.

Conversion into (pseudo)boehmite is accomplished by
hydration which is performed on the anodized film (or alu-
minum oxide film) formed on the aluminum substrate. Eydra-
tion consists of immersing the anodized film in hot water
or exposing the anodized film to steam (at 100°C or above),
thereby sealing pores. Conditions for hydration may be

f,D properly established. Since hydration brings about volume
expansibn that starts from the surface of the anodized film,
it needs accurate control for pressure, temperature, and
duration. Volume expansion near the surface shrinks pores,
énd shrunk pores impede steam infiltration ihto them. This
in turn prevents the barfier layer from complete.conversion
into (pseudo)boehmite. Moreover, excessive expansion in

the surface of the anodized film would cause cracking.

Excessively short hydration does not achieve complete con-
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"the anodi 289 -7rR TaHFCcATES: dPEEHECAS0R

they may add to cost and conplex the process. Additives caught in pores
may inmpair the characteristic properties of sem conductor and |iqui@SEP 2005
crystal devices. Thus it is de- sirable to specify the anobunt of substances
contained in the treating solution if additives are used. In the case of
ni ckel acetate as an additive, its concentration in the treating solution
should be less than 23 6 SEP 2006 5 g/L, preferably less than 1 g/L.
Li kew se, ykheieaneamot r(%‘lisieﬁﬂo@bo@@h@ft’é.aC%@lﬁi%rﬁsmlﬂﬂ,d dedegvdifan 5 g/ L,
pref- erably less than g/ L. The concentration of potassium dichromate
shoul d beibegshi/aaati@ngthuspsetenalivng ess thearfilm,gihichhedvenaeasity ation
of sodi um carbonate should be less than 5 g/L, preferably less than 1 g/L.
The conceaffeegti eprebsdodi digsiild catd sshowled bélyidss itdramrisley’ bigr ef -
erably less than 1 g/L. Treatnment with hot water becomes shorter as the
wat er tenpeerature precnedsesteam tthi sceadddy rieewdydhe thee rgratliagre of
treatnent needs precise control because of its narrow |l atitude. Treatnent
takes a | bngererti s ad sphepraseedst eppdddturia déer dddes. suk frmssommended
wat er tenperature is no |lower than 70C, preferably no |ower than 75C. Tine
requi red toerkpdr 20S6RYI $hgoBbopecmentilogledy predtlieot edloneaovitgy be properly
controll ed according to_the tenperature and the rate of hydrati on.
Excessi vebydraidrn Rydeatieh wefbesetichi SFeTedns s vEshiarsiddn thito
(pseudo) boehm te, and excessively long hydration may cause 9 cracking to
'rhéh}it&? %&W%éron Tedlsiamt®and film

Purf 208 Mg Tur Y B PR LLNRE SO A G S e 1o

above-mentioned problem. The adequate pressure and tem-
perature for hydration with steam vary depending on the
size of pores in the anodized film, the f£ilm thickness, and
the duration of hydration. Hydration with steam needs
precise control as menticned above and hence presents dif-
ficultieé in giving the anodized film as specified in the
present invention. Therefore, hydration by immersion in
hot water is reéommended.

Hydration by immersion in hot water should preferably

j employ pure water. Pure water may be incorporated with

additives according to the cobject of hydraticon; however,
they may add to cost and complex the process. Additives
caught in pores may impair the characteristic properties of
semiconductor and liquid crystal devices. Thus it is de-
sirable to specify fhe amount of substances contained in
the treating solutibn 1f additives are used.

In the case of nickel acetate as an additive, its

concentration in the treating solution should be less than
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into (pseudo)boehmte in the region of the anodized film extending from
the filmsurface to the barrier layer. Thus it adequately nodifies 52@20
anodi zed filmw thout causing filmdefects. The present invention 8 Rgt
speci fy whether or not pores exist in the filmsurface after hydration.
Pores may 24 6 SEP 2006 be either sealed or remain open after hydration
so long as the barrier layer is at |east partly converted into

(pseudo) boehmte to such an extent that the anodized film exhibits the

above-ment i oned char&eiBly sié€s PEOPRrti @8L. | nLirddibepnthéhesrcane no
restrictions on the size (or shape) of pores in the porous |ayer of the
anodi zed did i opas£Scobalt hecdoatéeshdayérbenyebe thageb ghap phese in the
film surface, or vice versa. The alum num alloy nmenber, with its surface
anodi zed,era@sprtesg tioahhe gfesenThénventénhrexhohi 0§ bettesirmsi s- tance
to corrosion by plasma as well as corrosive liquids and gases than the
convent i ohiathiomea wheshotldsbeskdsastbanvhtuariichpmbéereblpatesst hbreof for
dry etching apparatus, CVD apparatus, PVD apparatus, ion inplantation
appar at us; gAput t Bre ngoappatatusonet €. soflivh apcbosatet shoubdi bate

sem conductor and liquid crystal devices. The invention wll be described
in nore deass | thathd gébereheterabivieleas| BiwrRgledabpl edhewsPBEReEre not
intended to restrict the scope thereof._Various changes _and_nodifi-- '
cations nesABONeRE FAIEWR shbepefensiwrheubedépart FRENT PofY Lt hBTSBITit and

scope thereof ., EXAMPLES
P erably less Ehan 1 g/L. Treatment with hot water becomes

:~> shorter as the water temperature increases; in this case,

- however, the duration of treatment needs precise control
because of its narrow latitude. Treatment takeé a longer
time as the water temperature decreases. A recommended
water temperature is no lower than 70°C, preferably no
lower than 75°C. Time required for hydration is not speéi—
fically restricted; it may be properly controlled according
to the temperature_and the rate of hydration. Excessively
short hydration may not échieve complete conversion ihto
(pseudo)boehmite, and excessively long hydration may cause

;D cracking to the anodized film, which deteriorates liquid
corrosion resistance and film surface hardness.

Hydration as mentioned above brings about conversion
into ({pseudo)boehmite in the region of the anodized film
extending frbm the film surface to the barrier la&er. Thus
it adequately modifies the anodized film without causing.
film defects. |

The presént invention does not specify whether or not

pores exist in the film surface after hydration. Pores may
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Each sanpl e of al um num substrates shown in Table 1 was cut into a square
speci men neasuring 50 mmby 50 nrm Wth its surface polished by an 6 SEP 2006
abr asi ve paper (#400), the specinmen was imersed in a 10% NaCH sol uti on at
50C for 15 seconds (for degreasing) and then inmmersed in a 20% HNO2 25 6

SEP 2006 solution at roomtenperature for 5 mnutes (for desnutting). The
pretreated speci nen was anodi zed under the conditions shown in Table 2 so

that an apgdizedetbi kEnvag ber peflaihhepeanaribe anaeaeibheabmeBhgwas _
foll owed by hydration wunder the conditions shown in Table 3. The resulting

test pieeps wereiexanhped fieraconeaskoparesiystanceritedt Ratbol - | ow ng
manner. [Anodic treatnent] Each test piece was placed in an electrolytic
bath contpksaiuag)bOechinteestof subd eheektehyt thasolhti anoshawd ifrilnlTabl e 2.
The electrolytic solution was kept at the tenper- ature shown in Table 2 by
a t hernostahibAtgothagebshewnehniofeld ehdraaseappltiedphepeednetshe tlest

pi ece (or the alum num substrate) and a platinumcounter electrode. The
vol t age agglitcahiohheas eort hnuedsumtiiclt iansapodithed sfiizlem (ofr désipegd

t hi ckness was forned. Finally, the test piece was rinsed. [Hydration]

Tr eat nent ofii phrhet inatee: pFheusedeypireod Was amveiced Dl 2duetseri® of hot
water for a prescribed |Iength of period. Finally, the test piece was

ri nsed ant@ihdérbagrigrederent Mavt Replasssri Zz8anstcéame The thestiigilece was
‘exposed to steamin an_ autoclave under specific conditions (pressure and

t enper at uPBY FR6R, aOpr E4EFi BBYSBeri od of tine.

fﬁ) The aluminum alloy member, with its surface anodized,
according to the present invention exhibits better resis-
tance to corrosion by plasma as well as corrosive liquids
and gases than the conventional one when it is used as a
vacuum chamber or parts thereof for dry etching apparatus,
CVD apparatus, PVD apparatus, ilon implantation apparatus,
" sputtering apparatus, etc. which are used to fabricate
semiconductor and liquid crystal devices.
The invention will be described in more detail with
reference to the following examples, which are not intended
;l) to restrict the scope thereof. Variocus changes and modifi-
cations may be made in the invention without departing from
the spirit and scope thereof.
EXAMPIES
Fach sample of aluminum substrates shown in Tablekl
was cut into a square specimen measuring 50 mm by 50 mm.
With its surface polished by an abrasive paper (#400), the
specimen was immersed in a 10% NaOH solution at 50°C for 15

seconds (for degreasing) and then immersed in a 20% HNO,
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Finally, the test piece was rinsed and dried. [Phosphoric acid-chrom.c aﬁig
i mrersion test] This test was conducted as foll ows according to JIS 6 SEP 200
H8683-2 1999. First, the specinmen was imersed in nitric 26 6 SEP 2006
acid solution (500 nL/L at 18-20C) for 10 minutes. Then the speci nen was
rinsed with deionized water and dried with warmair. The speci nen was

wei ghed. Next, the specinen was imersed in 1 liter of deionized water (at

381C CO%@imm;r%‘t oG @&%QPQE&P%?E&E angli 20 g5 0f 5&Pr@@§1ﬁut@ﬂﬂg‘§jfi de,

for 15 mnutes. The specli nen was was ina bath and then in running

wat er a”drﬁé‘ogé\aﬁé@f%é/té& n%%’cﬂnéﬂ whlgi 9Rbaede ot flle ANEL AN ESGa Nt n¥ar m air.

The speci nmen s wel ghed again. The | oss of weight per unit area was

cal cu- | afigdnang, the-1ate 9f dhseoknt i08a{ #BAdIRIA5qa% nfomasdcal - cul at ed
fromthe | oss of weight thus neasured. The smaller is the rate of

di ssol utieherddhie, grewmd esnd8id herdeaneet ofas medifowadipp Rfatheianodi zed
film which has been converted into (pseudo)boehmte. The rate of

di ssol utidef the conatizeds f &hawhsishosnlén3 Tablee 3resmieingheestl um of
phosphoric acid-chromc acid imersion test, in which the wunit is

ng/ dnR/ 15 hedes [t oréxnaemgasdciorosdonos st ) résistantbein eshepfete was

w ped with a soft cloth noistened with acetone. The anodi zed film of the
test pietewivas mpamnéy. nasked with a polyimde tape (which is resistant to
chlorine gas), such that an area of 20 nmby 20 mm was exposed. The test

pi ece wasiiheaded treatmeéhtta tube (resistant to chlorine gas), which is

provided with a _ _
™ FEach test pilece was placed in an electrolytic bath

s

containing 10 liters of the electrolytic solution shown in
Table 2. The electrolytic sclution was kept at the temper-
ature shown in Table 2 by a thermostat. A voltage shown in
Table 2 was applied between the test piece {or the aluminum
substrate) and a platinum counter electrode. The voltage
application was continued until an ancdized film of desired
thickness was formed. Finally, the test piece was rinsed.
[Hydration]

Treatment with hot water: The test piece was immersed

in 2 liters of hot water for a prescribed length of period.
Finally, the test_piece was rinsed and dried.

Treathent with pressurized steam: The test piece was
exposed to steam in an autoclaﬁe under specific'conditions
{pressure and temperatuie) for a prescribed period of time. )
Finally, the test piece was rinsed and dried.

[Phosphoric acid-chromic acid immersion test]

" This test was conducted as follows according to JIS

H8683-2 1999, First, the specimen was immersed in nitric
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heater and a thernocouple for tenperature neasurenent and control. The
silica tube was heated fromroomtenperature to 145-155C over 20- 306 SEP 2006
m nut es and then kept at 145-155C 27 6 SEP 2006 for 60 mnutes. The silica
tube was supplied with argon containing 5% (0.2% of chlorine at a fl ow
rate of 130 cc/mn. The silica tube was further heated to 295-305C over
10-15 mnutes and was kept at this tenperature, during which the pressure

therein vas:adkdshedcho @ogospher LG 1BLESHS eroNeoshh heaekuberyas

cont i nuously supp W th I orine-contalning argon for 2 hours. The

silica tubgewagecsHRRl 84 WihRopi 14 08enetionscauenNde «chl-id Re-iGeNtaitH ng
argon over 2-3 hours before cooling to roomtenperature. After renova

fromthe ghkicaitubernthaplestepi 668 Wasgne¥anm megt! o (¢l yatimdhe ratio
of corroded area to its surface area. This ratio is an index indicating

the presgpeeipheekackiing 1and tet-her defieeliseanwhfte rsuifracg=qfc §he anodi zed
film The lower the ratio, the |less the sur- face defects, and vice versa.

Di sappear aseea9hihle 3@nad. difz@dokivhorficoactde ahestopicees wag-oneigar ded as
the occur- rence of corrosion. The test piece assuned discoloration in the
part wher enhhéragedi fed flS mihadedi.safpearsedcindn earsr osisbred daclzed t he
al um num substrate. The results of the test are shown in Table 3.
[ Conver si batbf abdr ithen Hayeunming (pserdanbochwirpelyhithye rtiestedhiveidd was
exam ned as follows to determine whether or not the barrier |ayer
under went dedprérsidomaitero anfpseied) bashnmivesn Eilrst , Thige spressgegestason of
the anodized filmof the test piece was observed under an SEM (x2000-
{ﬁ) weighed again. The loss of weight per unit area was calcu-
lated and the rate of dissolution (mg/dm?/15 min) was cal-~
culated from the loss of weight thus measured. The smaller
is the rate of dissolution, the greater is the degree of
modification of the anodized f£ilm, which has been converted
into (pseudo)boechmite. The rate of dissolution of the
anodized film is shown in Table 3, under the column of
phosphoric acid-chromic acid immersion test, in which the
unit is mg/dm’/15 min.
[Chlorine gas corrosion test]
?;) First, the test piece was wiped with a soft cloth
moistened with acetone. The ancdized film of the test
piece was partly masked with a polyimide tape {which is
resistant to chlorine gas), such that an area of 20 mm by
20 mm was exposed. The test‘piece was placed'in a silica
tube (resistant to chlorine gas), which is provided with a
heater and a thermocouple for temperature measurement and

control. The silica tube was heated from room temperature

to 145-155°C over 20-30 minutes and then kept at 145-155°C
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100000) to neasure the thickness of the barrier layer. The barrier |ayer
was quantitatively analyzed (in the depthw se 28 6 SEP 2006 direct EGEP 2008r
Al -0, Al-CH and Al-O-CH as constituents of the anodized film by X-ray
diffraction and X-ray photoel ec- tron spectroscopy (XPS) in conbination.
The results are shown in Table 3. The marks 0 and x respectively indicate
that the barrier layer at least partly underwent or did not wundergo
conver si of i g ® HNSeHE9) boeha & €1 1 Lalyefieshhosi supsl dehNFyRESI 8AgbASt] First,
the test piece was wiped with a soft cloth noistened with acetone. The
test piecernesiplages:i p@msoven derdethatadlSHCG14Wheaoyentt egperature
decreased to 145C after the opening and cl osing of the oven door; how
ever, it detmimed Tige 150G v t bhipe about fibténuhestdd The 288sBopi®ce was
kept at 150C for 1 hour in the oven. After <cooling (for about 1 hour) to
roomtenperat Ure;1% heitesés ph@ceznasephrdt ytimhaskeempetrhtareé| udeophgsti c
tape (which is resistant to hydrochloric acid), such that an area of 40 mm
by 40 nmwiakche xipos gulire Jher¢ eshe peErevawmsagiaseddi ho aatonspharher, with the
exposed surface upward. The container was filled with 7% hydrochloric acid
until theptessiref thee dybiozhtope cvagidomasnyoushy abovelitd vésh piece.
Inciden- tally, the amount of hydrochloric acid corresponding to the depth
of 40 nm aRkscaBrETeontmEniegtapdeeeftas? drddned t Bhesshhdcantihe was
hydrochloric acid at roomtenperature. Time required for continuous
evol ut i onSWFPhRH ok gaktFRIeRgER StafeRyet Hel pbLRengOBF2¥I4RFdr ochl ori ¢
aci d) was neasured. T?e reactio invoIVfd in this tegt IS regresented by
thé) argon over 2-3 hours berfore c¢ooling to room temperature.
i After removal from the silica tube, the test piece was

examined to calculate the ratio of corroded area to its

surface area. This ratio is an index indicating the

presence of cracking and other defects on the surface bf

the anodized film. The lower the ratio, the less the sur-

face defects, and vice versa. Disappearance of the ano-

dized film from the test piece was regarded as the occur-

rence of corrosion. The test piece assumed discoloration

in the part where the anodized film had disappeared and

corrosion reached the aluminum substrate. The results of

U

the test are shown in Table 3.
{Conversion of barrier layer into (pseudo)boehmite]

The test piece was examined as follows to determine
whether or noft the barrier layer underwent conversion into
(pseudo)boehmite. First, the cross section of the ancdized
film of the test piece was observed under an SEM (x2000-

100000) to measure the thickness of the barrier layer. The

barrier layer was quantitatively analyzed {in the depthwise

28



foll owi ng equation. 29 6 SEP 2006 2Al1 + 6HC - 2AI A3 + 3H2T The | onger
the time before evolution of hydrogen gas, the better the corrosiorb SEP 1006
resi stance of the test piece. The results are shown in Table 3. For the
test piece to have good corrosion resistance, the tinme before evolution of
hydr ogen gas shoul d be | onger than 260 m nutes, preferably |onger than 280
m nutes, and nost desirably |longer than 300 mnutes. [Measurenent of film

har dness] 4T, td pnyof 2t hgyangdizgd i Sc&xapk pgdn+Eop Vi ckers
har dness %ﬁéﬁ?%ﬁﬁgﬁtgﬁglégzgé4ﬁiuﬁ%er9€%e§?o§-bﬁgﬁ?n8§c%nditigns. Load: 25

gf, rate fo | 0adhNgeq 3¢ M Sy L 8k {081 Frheadon apRk| gakiayn%hééog%ends-
[Rotary polishing test] First, the test piece (neasuring 50 nmby 50 nm

was W pad-dm tdpacsebicebpt xpoi st enedmMi hht a6t onehe Abken1tat haehnent to
t he header of an automatic rotary polishing machine, the test _., piece

under a |fadnofis. dakicvwas pohéshgdksi @ heWngeowpieert i(BAQ celdiidytam th an
enery abrasive paper (#500, 290 mmin dianeter) rotating at a rate of 100

rom Thecheadeiec iesrposit Laped stchetbatpihelgenheerwbnthert dstl n¥tpi ece
was 80 mm away fromthe center of the abrasive paper. Duration of

pol i shi nguidenges dswrmeitsionbintoautesedépehdehgiten the fil mthickness and
the polishing rate. Before and
[Hydrochloric aclid immersion test]
First, the test piece was wiped with a soft cloth
;ﬁ) " moistened with acetone. The test piece was placed in an

oven heated at 150°C. (The oven temperature decreaéed to
145°C after the opening and c¢losing of the oven door; how-
ever, 1t returned to 150°C Within about 10 minutes.) The
test piece was kept at 150°C for 1 hour in the oven. Aftef
cooling (for about 1 hour) to room temperature, the test
piege was partly masked with a fluoroplastic tape (which is
resistant to hydrochleric acid}, such that an area of 40 mﬁ
by 40 mm was exposed. The test piece was placed in a con-
tainer, with the exposed surface upward. The container was

-‘) filled with 7% hydrochloric acid until the level of the
hydrochloric acid was 40 mm above the test piece. Inciden-
tally, the amount of hydrochloric acid corresponding to the
depth of 40 mm was 150 cc. The test piece was allowed to
stan& in the hydrochloric acid at room teﬁperature. Time
required for continuous evolution of hydrogen gas to begin
{after the pouring cof 7% hydrochloric acid) was measured.

The reaction involved in this test is represented by the

following equation.
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after polishing, the anmount of polishing was calculated fromthe thé EP?@E
at the center of the test piece which 30 6 SEP 2006 was determ ned §
non-destructive nmeasurenent with an over current filmthickness gauge. The
rate of polishing was calculated fromthe anount of polishing and the tine
spent for polishing. The anodi zed filmon the test piece is regarded as
havi ng good plasma resistance if the amount of polishing neasured as

nenti oned@bayeskSy no e thanszg, 4 ninin; preferably no nmore than 5 gm mn,
and nost desira- bly no nore than" 3 nimn. j 31 6 SEP 2006 Table 1 Code S

M Cu O g atbofe Pathé ct Ene (HasSHe (0RSE1 i 6HBS5 % vdragehegas)0¢ng. 1 2.5
0.05 Parallel 5 L02 0.1 2.5 0.05 Perpendicular 5 €01 0.22 2.0 0.02

Paral | el Het{¥2 Ohd5c3rfoPi®l Pasdttehcd o£08hE. BO9s2. 616cB5 Pahallel 6 C04
0.18 2.1 0.09 Parallel 4 C05 0.20 2.9 0.08 Parallel 11 C06 0.05 1.8 0.03
Paral | el B=s5¥Ts 0a28 Sha@wh. 02 Pabhel 2l 9Fo£08hO. BasP. biBcBO6LPahakkel 8 CO9
0.13 2.3 0.12 Parallel 8 C10 1.0 2.0 1.0 Parallel 5
good corrosion resistance, the time before evolution of
hydrogen gas should be longer than 260 minutes, preferably
longer than 280 minutes, and most desirably longer than 300
minttes.
jf) [Measurement of film hardness]
) The cross section of the anodized film was examined
for Vickers hardness according to JIS Z2244 under the fol-
lowing conditions.
Load: 25 gf, rate of lcocading: 3 um /s, duration of load
application: 15 seconds.
[Rotary polishing test]
First, the test piece (measuring 50 mm by 50 mm) was

wiped with a soft cloth moistened with acetone. After

attachment to the header of an automatic rotary polishing

i

- machine, the test piece under a load of 3.4 kf was polished
in flowing water (800 cc/min) with an emery abrasive paper
(#500, 290 mm in diameter) rotating at a rate of 100 rpm.
The header was positioned such that the center of the test
piece was 80 mm away from the center of the abrasive paper.
buration of polishing ranged from 1 to 5 minutes depending
on the film thickness and the polishing rate. Before and

after polishing, the amount of polishing was calculated

from the thickness at the center of the test piece which
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Cll1 0.2 3.2 0.1 Parallel 8 Cl12 1.0 2.0 0.08 Parallel 8 1 32 6 SEP 2006
Table 2 Anodic treatnment thick- No. Substrate Electrolytic Bath temf St 106
voltage ness thi (mM m solution perature C1 3%oxalic acid 16 60 50 2
3% oxalic acid 16 60 50 3 3% oxalic acid 16 60 50 4 3% oxalic acid 16 60
50 5 4%oxalic acid 25 70 15 6 3%oxalic acid 16 60 50 7 3%oxalic acid
16 60 50 8 3% oxalic acid 16 60 50 9 3% oxalic acid 16 60 50 10 3%

oxalic acyds18:6QrR9nedlp q%@ﬁaﬁégtﬁﬁb@1$@ 8Q220 re®l2nd%axal g a&ig-16 60
50 13 3% oxalic acid 16 60 50 14 3% oxalic acid 16 60 50 15 LO1 3%

oxalic ackdrbn€0£d0m t6i3%nexal !;ﬁu%@l.d 2050238 o¥7pd13¥naxal kesacid 20 30
18 18 3%oxalic acid 16 60 50 19 3% oxalic acid 16 60 50

calculated from the amount of polishing and the time spent
for polishing. The anodized film con the fest piece is
regarded as having gcod plasma resistance if the amount of
polishing measured as mentioned above is no more than 7
um/min, preferably no more than 5 pm/min, and most desira-

bly no more than 3 um/min.

L
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20 4.5% o oxalic acid 30 40 60 21 3%oxalic acid 16 60 50 22 3%oxalic acid
16 60 50 23 24 4% oxalic acid + 18 30 40 25 1% sulfuric acid 26 %gﬁﬁ?%
mal onic acid 28 + 25 100 45 29 4% oxalic acid 30 31 L0O2 3% oxalic ddmh
60 50 32 C01 33 C02 34 C0O3 35 CD4 36 CO5 3% oxalic acid 16 60 50 37 Q06
38 CO7 39 008 40 C09 41 C10 42 Cl1 4% oxalic acid 18 30 40 43 Cl12 33 6
SEP 2006 c yy d'I~N~NNN)O f~M ~(A 7'd" N hl ~NNNMd' co M7/tO NNCON O N E r-
j OO OOON N 0000000.0O O NOOOOOOU NOLONNO

Table 1
Code (massls% (mgﬂsgs%) (mrfsi%) Orientation le:nr:':tIsr
LO1 0.1 2.5 0.05 Parallel 5
Lo2 0.1 2.5 0.05 Perpendicular 5
Co1 0.22 2.0 0.02 Parallel 4
co2 0.15 3.0 0.01 Parallel 7
Co3 0.29 _ 2.6 0.05 Parallel 6
C04 0.18 2.1 0.09 Parallel 4
Cos 0.20 2.9 0.08 Parailel 11
Coe 0.05 1.8 0.03 Parallel 3
COo7 0.23 3.2 0.02 Parallel g
Co8 0,31 25 0.08 Parallel 8
- Cos 0.13 2.3 0.12 Parallel 8
) c10 10 2.0 1.0 Parallel 5
C11 0.2 3.2 0.1 Parallel 8
C12 1.0 2.0 0.08 Paraliel 8

L
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Anodic treatment . .
No. Substrate Electrolytic Bath tem- Bath voltage Eg:;tgc:)
solution perature (°C) V)
1 3% oxalic acid 16 60 50
2 3% oxalic acid 16 60 50
3 3% oxalic acid 16 60 50
4 3% oxalic acid ' 16 60 50
5 4% oxalic acid 25 70 15
5] 3% oxalic acid 16 g0 50
7 3% oxalic acid 18 80 50
8 3% oxalic acid 16 80 50
9 3% oxalic acid 16 60 50
3% oxalic acid 16 80 50
3% oxalic acid - 18 60 50
3% oxalic acid 16 80 50
3% oxalic acid 16 60 50
3% oxalic acid 16 80 50
LO4 3% oxalic acid 16 60 50
3% oxalic acid 20 50 30
2.5% oxalic acid 20 30 18
3% oxalic acid 16 680 50
3% oxalic acld 16 80 50
4,5% oxalic acid 30 40 60
3% oxalic acid 16 80 50
3% oxalic acid 16 80 50
4% oxalic acid +
1% sulfuric acid 18 30 40
12% malonic acid
+ 25 100 45
4% oxalic acid
LO2 3% oxalic acid 16 60 50
CH
co2
C03
Co4
CO5 3% oxalic acid 16 &0 50
C08
Co7
C08
C09
C10
C11 4% oxalic acid 18 30 40
Ci2
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co'tr QO Or icto 6 SEP 2006 WHAT I.S CLAIMED IS: 1. An al um num or

al um num al [ oy menber having an anodized filmformed thereon which igsgEp 2006
conposed of a porous |ayer and a non-porous barrier |ayer whose structure
is at |east partly boehmte or pseudo-boehmte, and said alum num all oy

or alum num all oy nenber contains 2.0-3.0 mass% of My, less than 0.3 mass%
of Si, and less than D.1 mass% of Cu, said anodized film being
characterized by that the filmdissolving rate neasured by the test for

i mver si onWHAT g SniCkfEHED oS phos- phoric acid and chromic acid (conforming to
JIS H3683-2) is less than 120 ng/dn2/ 15 mn, the ratio of area in which
corrosion occurs after standing for 2 hours in an atnosphere of argon

contai ning 5%.chlorine (at 300C). is |less. than 15% . and the film hardness
() i's no I over ha g 2 AU RUACATIOy FeRBEr e e | ned | n G ai m
1, mn'Chaﬂéﬁf%éﬁa%gﬂﬂ]ﬁgﬁﬂQFthgggﬁrwhiégsis composed of a porous :

layer and a non-porous bharrier layer whose structure is at
least partly boehmite or pseudo-boehmite, and said aluminum
alloy or aluminum alloy member contains 2.0-3.0 mass% of Mg,
less than 0.3 mass% of 8i, and less than 0.1 mass% of Cu, said
anodized film being characterized by that the film dissolving
rate measured by'the test for immersion in a mixture of phos-
phoric acid and chromic acid {conforming to JIS H8683-2) is
less than 120 mg/dm®/15 min, the ratio of area in which
corrosion occurs after standing for 2 hours in an atmosphére
of argon containing 5% chlorine (at 300°C) is less than 15%,

and the film hardness (Hv) i1s no lower than 420.

2.The aluminum alloy member as defined in Claim 1,

which is a vacuum chamber member.



