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ALUM NUM ALLOY MEMBER SUPERI OR | N CORROSI ON RESI STANCE AND PLASNVA

RESI STANCE BACKGROUND OF THE INVENTION 1. Field of the Invention: The
present invention relates to an inprovenent in |iquid and gaseous
corrosion resistance and plasma resis- tance, which is made to the vacuum
chanmber and its parts fornmed from anodi zed alum num alloy for dry etching
appara- tus, CVD apparatus, PVD apparatus, ion inplantation appara- tus,

Faui d orystal - devi ced L BFr BT UPER R, REPBRFAR I ar T The vacuum
hanber f CVvD ' : o
equired to have FOeres iR AR TEIRRE A myur rSrydA R Fererred to as

gaseous cor- rosion resistance hereinafter) because it is exposed to
corrosive gases introduced thereinto, such as reaction gas, etching gas,

and cl eani ng gas, which i@E#@hﬁgﬁﬁLéﬁfﬁgﬂLZ§§Eﬂ§%%$F’ and Er. Mbreover,

t he vacuum chanber is al : f rstance to plasma

(referred to g%ﬁias resi stance hereinafter) because it is often

exposed ﬁﬁ ﬁ%? eﬁygggﬁﬁ%éfgégéPHMhich is generated therein, in addi-

Lion to corroshye gases. ThecXaeum ehapber: 8apt b dcenkeRt liy I n the
P whi ch IS nade of ‘a

field of this ‘appfication 1I's one I um num or al um num

al l oy whighyi sy ;a}rgir};%;igéow %frm@@@nsylegéggsn&@ m&rggésrﬁgwg—vity- J.

Unf ortunatety, umor alum num a oes not ve satisfactory

corrosi ve fase ) GH ARNGE rdld RLARER H8zuShSEARRBer SOha s pdiave been
proposed several techniques for surface nodification to inprove such

char act erfichii&d FdwaidEsedelondnis ho16pefof &he PropPDsehimahn ques,
i nprove- nent in corrosive gas resistance and plasnma resistance is
achi eved thys f arvD neprrsaegi 2000 Gipbaré@ub; 20om ipi)tanton appara-
tus, sputtering apparatus, etc. which are used to fabricate
semiconductor and liquid crystal devices.
2. Description of the Related Art:

The vacuum chamber for CVD apparatus, PVD apparatus,
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-
gquired to have resistance to plasma (referred to as plasma
resistance hereinafter) because it is cften exposed to
halogen-based plasma, which is generated therein, in addi-
tion to corrosive gases. The vacuum chamber adopted re-
cently in the field of this application is one which is

made of aluminum or aluminum alloy which is light in weig¢ht

and superior in thermal conductivity.
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subsequently heat-drying it at 100-150C in a vacuum thereby evaporating
and renovi ng noi sture adsorbed thereto. (See Japanese Patent Publication
No. 53870/1993.) Another proposed technique involves anodization of

al um num al l oy containing 0.05-4.0% of copper in an electrolyte of oxalic
acid, said anodization being continued with a decreased voltage. (See
Japanese Patent Lai d-open No. 72098/1991.) These techni ques discl osed so
far give alum num alloy suitable for vacuum chanber conponents superi or
in gaseous c&W&W%‘%Yst SACBUANE FragdAtliBYNsEhheE. A0EVRE , such
vacuun1cngnber conponents are still subject to corrosion at the tine of
mai nt ena @V%fﬁﬁwmrmwww &S 1stpegguapdnRieFMA BT S Wit h
hal ogen conpounds stjcking to the surface of the alum num all oy, thereby
form ng a‘?rlngrc?r&ﬁ%' sHutHBE S i th RSSTy SdOPOSRE SR¥BF2&dT EFRRA 9988 ot her
words, t ?% are insufféiifnt in resistance to gcidic solution (referred
to as i DO PSS P @ERTE TReridibtatterurh Fhagaaber thtievD
apparatus, PVD apparatus, dry etching apparatus, etc, have sone nenbers
whi ch hol BF R ctor 2 wafers or LC glass substrates and remain in the
apparatus while fers or substrages are being %Qshed. Such nenbers are
subj ect to coPY A NeluoE Rt 208 REAPPFES: FBRNBYIUSHN RTBieal

t echnol ogi es_ does noaﬁ$rotect t he .anodi zed  fi n1fron1coréosion,by acidic

sol uti on UEEY FOrC U RT 90 TEeishitsT ARe PAedhim ERIHBERPCONPonent s of
| um f i i f i d liguid t al
devi cos raatifed B At At il 8ThC B arl” pRokRt HH et oh

. e
devices results

deteri or ag@ésé@gﬂlﬁ,?{%ﬁﬁ&ﬁl{}?‘g t-hcu%,t 1%(5&\1%% Oﬂ_&’:ﬂa VS chanber

conponent s axe” not e application area 1n I‘'ch stringent

el ectri cand¥ GfiPrevdpita iy ra%ﬂi'irre?%gi?%"ﬁﬁ%tﬁfgggggb'?éeéthéP#]%i on to

this probl em have Dbeen proposed. Irst one eat 1 ng

anodi zed (ddd noapdiedd UHtdi: HuPRS ddtSonPRbENE 3800/ D9899538. Andiifer
proposed technique 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
vacuum chamber components are still 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 corrodes the anodized film. In cther words,
they are insufficient in resistance to acidic sclution
(referred to as ligquid corrosion resistance hereinafter.)
In addition, CVD apparatus, PVD spparatus, dry etching

apparatus, etc. have some members which hold semiconductor
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second one is by filling pores in the anodized filmwith a netal salt.
(See ' EP application No- 0648866.) The third one is by covering the

anodi zed filmwith a silicon film (See U S. Patent No. 5494713.) These
techni ques inprove liquid corrosion resistance to sonme extent but do not
suf- ficiently inprove gaseous corrosion resistance and pl asna

resi stance. Therefore, they find only limted use. Mreo- ver, they are
conplicated and hence expensive and unac- ceptable to general use. The
recent te®RAic&sl oadbangdass efupsexa e urintumeaiaioy inether spmitdtuspr oved
corrosion resistance. 3 OBJECT AND SUMVARY OF THE | NVENTI ON The present

i nvent i onvRad echarBrEFedri AUlFETRDES tae hwigly emshedvol Sedh i mentter s
above-nmenti oned conventional tech- nology. It is an object of the present

i nvent i on2F§ SPPIFFEetancarties hemn kedissnemsdeceupedi ficabion duy d corro-
sion resistance, gaseous Corrosion resistance, and plasma resistance. The
present i FPBNEREACRBLt hekheoleal epcleesdnt Gredechr che eantdizid ected to an
al um num qr. _al um num al l oy mate- rjal having an anodi zed fil mforned

t her eon m%ﬂ&ﬁ-F§°Eoﬁ915%§é@“dPYa?%kﬁkﬁu§QL&$éPnaﬁéeé Foh - WTlokRg barri er

| ayer whgse structure is at |east partly boehmte or pseudo- boehnite,

sai d anodF2EFCFEPH BRI HYe cHaFueE ¢ih Iyrorperent fef | N Y| ving rate

measured by.the test_for . innmersion i haosphaori ¢ acid-chromi ¢ acid
(conf or ni ﬁélﬂﬂ B?L%al—ig%ﬁﬁﬁ?rl?%t*%%?’?h?pﬂl 6‘%Hﬁﬁﬂﬁﬂ?r1% H1% he ratio of

or i fi _ ; 20°H5F et _
phere of “%?3%%3%8%%%? WPREEINERT ori e 30008 ‘i’fls%p%gé’réﬁf&ga%@& "and
ment i onede ARBYS® Shol HTrbi At neh Bh 8 s okl Ot ¥ Tels Than

0.3 mass%ghvehti8Rsl YE85uh NAludbel BHPEehtSare not suvitable for

the application areaz in which stringent electrical proper-
ties are required.

Several techniques for soluticn to this problem have
been proposed. The first one is by treating the anodized
film with fluorine. (See U.S. Patent No. 5062938.) 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.
(See U.S. Patent No. 5494713.) 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 and hence expensive and unac-
ceptable to general use. The recent technical advance
requires aluminum alloy members with improved corrosion

resistance.



According to the present invention, the alumnumalloy is suitable for
use as vacuum chanber nenbers. The present invention constructed as

nmenti oned above provides an anodi zed film superior in corrosion

resi stance 4 and plasma resistance, which is applied to al m num all oy
menbers for vacuum chanbers which are superior in gaseous corrosion

resi stance, plasma resistance, and liquid corro- sion resistance. BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic sectional view show ng
the structure of thelBJBQLZANDTSUMMARY OF JTHES INVENREONt i ¢ sectional view
showi ng deposited silicon (orienting in the direction perpendicular to
the surface) BRY RBREENF HRventiomn weherapiletsdcinonaéw vé v ishow ng
deposited silicon (orienting in the direction parallel to the sur- face).
DESCRI PTI BRCPEEMFEL PREEFFRRED! ENBOCHVENTS o imerei onetteabdural at edh-num
all oy nenbers with_anodic treatnent are not satisfactory in liquid
corrosi onPPesP¥: tARcés(eRfekicest PF dUentinggeddr Aovenbisnl tei ons from
pene- trating.i,nto thf barrier_ |ayer), gaseous corrosion resis- tance

(ef fect oPrB?éGEn?Pnﬁ BRI el pa JeailqTo pupsEAetT an- liggid ncertdre barrier
| ayer), ang | asna_resistance (resis- tance of anodized surface to plasmm)
. Therefora® tﬁ%sbfégngﬁhtg?§ﬁﬂﬁﬁ(ﬁ%§§ﬁﬁﬁqneae§&§taﬁcéxtéﬂ@iwka%mmdy to

i nprove Eggggtggg%acteristic-properties. As the result, it was found
that the anodrze ilminproves in plasnma resistance while keeping good

nas  barrier TRy ar e oH @i Sog Wkt eabhe ety nAn SR 1o or |
Racquat o § eantPol Pott Hegr et Of ORHAGRah PR b imefin (ELESF Rad

adequatel y degree conver sion
rial having an anodized film formed thereon which is com~

posed of 2 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 phosphoric¢ acid-chromic acid (conforming to JIS HB683-2)
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 alloy mentioned above should preferably
contain 2.0-3.0 mass% of Mg, less than 0.3 mass$ of Si, and
less than 0.1 mass% of Cu.

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

The present invention constructed as mentioned above

provides an anodized film superior in corrcsion resistance



The anodi zed fil mas specified above prevents corrosion solutions and
corrosive gases frompenetrating into it and reaching the alum num
substrate. This finding led to the present invention. (In what follows,
the term " (pseudo)- boehmte" nay be used to denote both boehmte and
pseudo- boehmte, and the term "corrosion resistance" may be used to
denote both of liquid corrosion resistance and gaseous corrosion
resistance.) Fig. 1 is a schematic sectional view showi ng the make- up of
t he anodi2d PLafmacredlisbancte Whirdlade afprtliedaltonzlunimuml Ebyogenber by
anodic treatnent. In this figure, there are indicated an al um num
subst r at anembars gfoanvatven ciifbeza whidgiorege atup@riarpdnogsskayer at 4
(in which pores 3 are forned), a barrier layer at 5 (which is a
non- por ouSC T ¥ & el eX¢ $1 § b bRt Vibleasiah & gsdrsdiideay end4 lagdidheontani num
substrate 1), and cells at 6. The anodized filmillustrated in Fig. 3,
whi ch conS1@R s¥esbftam@e porous |l ayer 4 (which has a |arge nunber of pores
opening at the surface of the fil and the non- porous barrier |ayer 5,
exhi bits nuch better cBikistileCRIFEICONF THE (REWINGESct ure of the barrier
| ayer 5 is at _least partly converted intoﬁépseudo)boehnite, as conpared
with conventidridl- HarkS & Shemadist serbionme vheekakewingi are not
converted,intoléﬁgeugngoehnite. The i nproved corrosion resistance is
si gni fi calttHarve 19t uths 137991 z&shvidrddl-on into (pseudo)boehnite is so
carried out 3§ to reet the follqmﬁn% requi rements. (1) The anodi zed film
di ssol ves in &4fxture & SHETBIRAC SEChACRaAnAleY r SRR wing i deRHHiest ning to
JI'S H3663-2). only,at. a rate.lgis %E&n 2D n%/dn2/15 mn. (2), The anodi zed
i1 m suf (e Ot 1 B HPEITY I TS Cectigpe PaFBERALs  Bhahd 1888 af L or
st andi ng 0 i at nosphere of argon containing 5% chlorine (at
ARt et

30060C) . e ‘ano m has a hardness (Hv) no | ower than
Fig. 3 is a schematic sectional view showing deposited

-
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silicon (orienting in the direction parallel to the sur-
face) .
DESCRIPTION OF THE PREFERRED EMBODIMENTS

As mentioned above, aluminum alloy members with anodic
treatment are not satisfactory in liquid corrosion resis-
tance ({effect of preventing corrosive solutions from pene-
trating into the barrier layer), gaseous corrosion resis-
tance (effect of preventing corrosive gases from penetrat-
ing into 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 characteristic properties. As the result, 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-~
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420. The anodi zed fil m neeting the above-nentioned require- nents (1) and
(2) prevents corrosive liquids 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 porous |ayer near the barrier |ayer
al so changes into (pseudo)boehmte. This renders the sur- face of the
anodi zed filmand the pore inner walls of the porous |ayer nore resistant
to corrosive liquids and gases. The anodi zed filmneeting the

above- menbrehmdteegnfir helnts 183)adediidiialy goodrpllasdahaeshesanaed |t
follows, therefore, that alum numalloy nmenbers wll exhibit good

cor r osi onapegdsguptel Andopteehied aliarea arfceonfversépnhanto dmoekmittk zed
filmmeeting the above- nentioned requirenments. According to the present

i nventi onThehanadbardellin| a5 sarlfiiod izpolvieqpirdveptsosdonosksi st ance i s
characterized by that it has a barrier |ayer whose structure is at |east
7 partly EBAVERPBE AREOCPPERLH HRaRd tlecandenetmetény Linto Eblams in a

m xture of phosphoric acid and chromic acid at a rate |ess than 120

ng/ dn2/ 15X RRAD1BEERE adl ynimys FURATraGe .nyfde/ I6nting hed tosthaesirably
| ess than 20 ng/dn2/ 15 mn (when neasured by the imrersion test

conf or mi ngrE8eDFSinyReBien. 3, oo whathdioddaral | fhet hermnddbeeads i+ m wil |
not exhigit sa i§factq$% corrosion and gbasna resistance if the rate of
di ssol ut i SASPEIGReFRY a‘FP%‘E)et&feé’d’t&b Ehebaghmi hpuahd | BSeREeTi er | ayer
IS conver%ed into (g@gu&%%boehnLle, or, if its barrier layer is not
converted FﬁP%l%ﬁSe ) SR e ¢ SRFEFIPROAGAIEREPFRT FNRY B8 st Ution i s

can be achi S95act SReAEY AR e 8 £F S FERRGRr PR AR ST oxpan

can be ac i‘'on*mentt expands

the anodi zgd £k g% apds pyvery, by iyngs about cracking if  conversion into
(pseudo) boehm te proceeds excessively.

Fig. 1 is a schematic sectional view showing the make-
up of the anodized film formed on the surface of the alumi-
num alloy member by anodic treatment. 1In 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-porous
layer existing between the porous layer 4 and the aluminum
substrate 1), and cell=s at 6.

The anodized film illustrated in Fig. 1, which con-
sists of the porous layer 4 (which has a large number of
pores opening at the surface of the film) and the non-
porous barrier layer 5, exhibits much better corrosion
resistance if the structure of the barrier layer 5 is at
least partly converted into (pseudo)boehmite, as compared
with conventional barrier layers of the same thickness
which are not converted inte {(pseudo)boehmite.

The improved corrosion resistance is significant par-

SUCE el ey TR
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Cracks in the anodized filmpermt infiltration of corro- sive liquids and
gases, which offsets the high corrosion resistance achieved by conversion
of the barrier layer into (pseudo)boehmte. Mreover, corrosive |iquids
and gases infiltrate not only through cracks in the filmbut also

t hrough defects (such as pitting) resulting fromcrystalli- zation in the
al um num substrate or frominadequate anodic treatnent. Consequently, the
anodi zed filmaccording to the present invention should pass the

above- menttiiGid@ iyt £ Convemsapai sRLe n (s ewse \raehsti tehdsplser ceraéed and
chromc acid and al so should be free of filmdefects such as cracks. 8
Unf or t unaCeity 25 @ prsdphdei £oddruingr veael 2RNQNGSmer - sion test nentioned
above does not reveal the presence of_  cracks and defects in the anodized
film And, 1t Tdegiepodized £1dp desselvepcd & rmickd:ren®fdehespbobyc
observation, under an optical or electron mcroscope. In order to

el i mi nat e 2CAAs 3 CHEOMLE, aEAE HFeBEMIMIRG A of s | $ri2) gal¥dzkekati ons

bet ween corrosion resistance and gorroded area, which were observed after
sanpl es hé&tﬁeéﬁsﬁlgié& itr0 Qﬁngﬁﬁ§pﬁéPe of argon contai ning 5% chl ori ne

2gr?82;g;tézsig%%nég%ﬁkgﬁpg%éﬁgfﬁé r%%Eé5¥¥;;£égqgﬁ;%?%SQkLngtgggfagfgd
exii bi to G358 GOFFOARSS FO8Rat AacEt CEnc TS 1S doFect So8aen  Aoser acks, | f
such an  SYPERPRERE: oft optReboRRatated Phr Ean® et 3R Ghe oor- T osi on
the. presert i niiat toscdass: stk RREIE SR BRSUEP.ABRET theny ihe

general fgepgula of Al 203. nH2O, where nis 1 to 1.9. Wether or not the
barrier layer is in the formof (pseudo)boehmte can be known from

?;glsgfzses by X-tay ghédif&@ction mEithiold X' a¥oRRohoRt e6LEQN SPELtd-0SCOpY
ments (1) and (2) prevents corrosive liguids and gases from
infiltrating into it and reacting with the aluminum sub-
strate. 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
porous layer more resistant to corrosive ligquids and gases.
The anodized film meeting the above-mentioned reguirement
{3) exhibits good plasma resistance.

It follows, therefore, that aluminum alloy members
will exhibit good corrosion resistance and plasma resis-
tance if 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



infrared spectroscopy (FT-1R), SEM or the like. one neth- od of such
anal yses consists of observing through an SEM the cross section of the
anodi zed filmof the alum num alloy nmenber, thereby specifying how far
the barrier layer 9 is fromthe al um num substrate (or specifying the

thi ckness of the barrier |layer), and perform ng X-xay diffraction and
X-ray photoel ectron spectroscopy (XPS) in the direction of thickness (or
depth), thereby neasuring the X-ray diffrac- tion peak intensity of Al-0,
Al - OH, angantbl® Gpheentedtinto i mpenite)doetiniéd ahbnitwherblpedis+ s
identification and quantitative determnation. The results of anal yses
tell thespiesente afmipserelc)bevipgherinc ekédbandi ehrbmyeracidi st net hod
of anal yses permts one to know whether or not the barrier layer is at

| east paralyateniess ethimt 20 (myeindd) 5 o s £ éited lat Ursxurnhainl 89 menber
according to the present invention is required to have a high degree of
pl asma r eng &rYddc aiin, iandi soss Besapabl ed ess veiaud sl 5or dry

et chi ng apparatus, CVD apparatus, PVD apparatus, ion im plantation

appar at ustigpfivhenr  meg siprrd RuEhetigmexision seet gerfiofwing abe i EE8 i on of
sem conductor and |iquid crystal devices. The anodized filmis subject to
damage (sE2f8332 3PP scripridpntat W adhe Baorhged fatmewbbbumet of

physi cal energy- Plaspa tends to concentrate at the edges of pores on

t he surfa%%b%#lg}ﬁﬁE&ﬁfHQEﬁFiiQQﬁroﬁHénré§dlP%aémdtﬁ%5b$%%%@ﬁ ihvEr ors'
researches re- veal ed #hal while the barrier layer,is being at |east

partly cohVEFtRH ThidP B S tﬁ?@r?rﬁeffe.t §nn€H‘FFbﬁ%ﬂda%}69‘é‘_? ©¥#e surface
of xhe anpeiad 1Limls alea Converd el Lo, (Pepudol bochnl Loy, M
e uct gt o TPEVETnatiode AP TTSH DL R S0P, Bl g e
film makifghie even though the rate of dissolution is lower than
specified above.
Meanwhile, conversion intc (pseudo)boehmite can be
achieved by hydration mentioned later. However, hydration
expands the anodized film and even brings about cracking if
conversion into (pseudo}boehmite proceeds excessively.
Cracks in the anodized film permit infilfration of corro-
sive liquids and gases, which offsets the high corrosion
resistance achieved by conversion of the barrier layer into
(pseudo)boehmite. Moreover, corrosive liguids and gases
infiltrate not only through cracks in the film but also
through defects (such as pitting) resulting from crystalli-
zation in the aluminum substrate ov 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.



filmharder and denser, which |eads to inproved plasma resistance. For the
anodi zed filmto have sufficient plas- ma resistance, it should have a
har dness (Hv) higher than 420, preferably higher than 450, nore desirably
hi gher than 470. As nentioned above, the alum num all oy nmenber accord-
ing to the present invention exhibits good corrosion resis- tance and good
pl asma resistance if its surface (anodized film is adequately converted
into (pseudo)boehmte and adequately nodified to inpart a proper
har dness. | n Wistoxtomaigsly + Hdeppbsephornceatridnchirbinibeadied smnébed in
nore detail wth reference to a typical nmethod of production, which is
not i ntentkenteefesnentioned shwpe dagfs trhd presserdt thevemkisencbubfmy be
nmodi fied within an_extent not harnful to the effect of the present
i nventi orfracks t yied plefents | Hvdiltd amoditrede e .no Asdeciiti dsrdifgisictions
on alum num or alum numalloy constituting the substrate. An adequate
al um num %‘&b‘ét?%t@e%ﬁ@blkp‘iﬂaf/ﬁaq}@:tm fdedimatise byt abdpaivatiofi nechani cal
strength, thermal conductivity, electrical conductivity, etc. which are
re- quir SRIRT tFe FREEFE I oF wlasfammidiensisecpe . Mbileovedert he  al umi num
substrate shoul d have an adequate conposition (governing the amount and
size of @ dtinatecthhmt&kibialtnhitdle giresens havénanodi indebtim exenpt
from cracking. The al um num substrate should contain an adequately 11
control | EREOURI B eNT Beletfiorante siespaeisisitpnse, 20d, coanddat)) because
it crystallizes out excessive alloy conpo- nents. A desirable alum num
subst r at #184 HRIGE WIaPPsanves adtea serglesohsdobeen mMhacedssnt han
l.ess 0. 1% of Cy. ,An adequately controlled content of

0.3% of Si nd t han

ai 1oy comPbAtmieHith & (HEASERC2ARdng: 58 6PLPKéNer 5. IPRIG. wiicch

Subat ant 131 B Kk RS TV G2 EhAngheahEatngt iRy FEaBS c30eur i (| es

such as Qyrrosion resistance if its corroded area is less than 15%,
preferably less than 10%, of its total area. This means
that the anodized film exhibits gccd corvosion resistance
and has no defects such as cracks, if its barrier layer is
at least partly converted intc (pseudo)boehmite to such an
extent that it passes the acid immersion test and gas cor-
rosion test mentioned above.

The texm “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 1 to 1.9.
Whether or not the barrier layer is in the fcrm of
(pseudo)boehmite can be known from analyses by X-ray dif-
fraction method, X-ray photoelectron spectroscopy (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



Zn, and Ti. The content of these inevitable inpurities should be as small
as possible, preferably no nore than O0.1%in total. Excessive inpurities
rel ease thenselves fromthe filmsurface during operation, thereby
causing contam nation to objects being treated (such as sem conduc- tor
wafers). It is assuned that after the above-nentioned Al-My alloy has
undergone anodic treatnent, My reduces difference in thermal expansion
anong cells in the anodi zed film although this nmechanismis not yet fury
el uci dat etis Foem the alwmimumsulsirate fldd ypecedydegi theethbcknesshe
content of My should preferably be 2.0 to 3. 0% Excessive My nakes the
anodi zed ¢f| Bhpodrrihehalavrisls. Bid gurfioresng Khrwy tdfforat MR Skndr
separates out in the filmto forma silicon deposit phase (nentioned
later). Xtgpay preveslechpn ransProtemy XRS) efihetheofliredttongot
difference in thermal expansion anong cells. The content of Si should be
| ess t hantloi @kpeps ef @F adRBLh los sthaizab 0 megsuringu thekdsrafiedafibdaged film
to decrease in hardness,  although it forns interstices around My2S

resul ti ngt¥¢Bnpeakcirtenel &y ofSdelr Q. ntdrdH, casdr 84ubeOli torsthtetin t her-
mal expansi on anong cells in the anodized film An ade- quate Cu content
to give 2RUfERE| ¥RdF19dn Hekinedsi Ghosiranitise idessifhanatdonogngr ef er abl y
| ess than 0.06% The alum numalloy in the present invention nmay be

i ncor por &P It Fat SVReded s VAR Qe fhs Fesults @dsppadysenakatieristics
to an extent not harnmful to the function of the anodized film However,

such al | oy %I BRERTRC@sC L hiRHIdURAR L d s k66 B2BEL &Y of BERK because t hey
Soatter QL1 SRS o £ [ neatiacked by, i SSIR furL g, fabr cat fon
e e B ERPLET RS 2 T GO ST LSt e il
{(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
etching apparatus, CVD apparatus, PVD apparatus, ion im-
plantation apparatus, sputtering apparatus, etc. which are
used for fabrication of semiconducter snd liquid crystal
devices. The anodized film is subject to damage (such as
film scraping) by plasma having a large amount of physical
energy. 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 that while the barrier layer is being at least
partly converted into (pseudo)boehmite as mentioned above,
the surface of the anodized film is also converted into

{pseudo)boehmite, with improvement in plasma resistance.

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

10
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inmpurities. The crystallized materials are solids renmain- ing undissol ved
in the substrate alum num matri x. For exanple, an excess anount of S
remai ns undi ssolved and crystallizes out in the matrix. Such crystallized
materi- als remain in the anodized filmw thout dissolution during anodic
treatnment, and their interface with the filmmtrix permts infiltration
of corrosive liquids and gases. Thus, the anodized filmis poor in
corrosion resistance. in the case of an anodized filmwth crystallized
Si as shodisHmedrfhatoconferei¢n ntwi Pseussboshnife dnyseabeszhe Si 8
and the anodized filmmatrix 2. This void permts corrosive 13 liquids to
i nfiltrat BoRAdNFeaEReRGEN aPlind BRINS sTAssttridiug inghitdle Ifadks makingi tre
resistance, Mreover, the void starts cracking in the anodized Mn
Consequenf iyt BaySel| pRgedengelr W chHaads Bo doprowedaplpsssible f or

i nprovenent in corrosion resistance and cracking resistance. Mreover,
they shouF8Shatanas-snBPF the anekard fdrlm doebaiveesuéfpoientl pLaw- t hat
they are |lim ited in their adverse effect even though they exist in the
anodi zed PRI AESTREARARY | 1hafhoe}@ Rawa % dcrcBe sendByy| highes! than ds and
the amount . of infiltrating, corrosive liquids. In addition, it is
desirableggﬁatpfﬁteﬁ?9£¥2€+$9%ﬁ éhﬁQN%éD'aW§xﬁnd@ﬁéréhﬁgtFbﬁbe§hﬁvﬁh ori ent
in the diagﬁtion paral- lel to its surface, as shown in Fig. 3, because
they remain "orienting in the same direction after anodization and hence

revent corrosj 10Ul frominfiltrating . in e depth directjon (or
ltohi ckness di %%’?’%45&%'% sahioerpaeds &S ?i{’i""“ggw aiﬁe]%YsI{‘%PR%r ﬁf%‘lfldr_osi \(/e

| i qui ds. t her I A A T rizontal Ly orjientin
crystalii T o o atre e e SRl URRH"BRERO et CHENNa T
vertical l k- t |} 2tk isad T e ]
substratevgﬁ%ﬁlgﬁgrggg?a yiéﬁ%ﬁ{aln |neI?régfapﬁ?ggégné?%#$%#%¥grienting
paral l el tolkheisuidefidseel Pessitferild Nouah (Buehdcl ¥stahitzeghgmterials

iad 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 teo 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 alloy constituting the
substrate. 2An adequate aluminum substrate should be se-
lected from the standpoint of mechanical strength, thermal
conductivity, electrical conductivity, etc. which are re-
quired of the material for vacuum chambers. Moreover, the
aluminum substrate should have ah adeguate composition |
{governing the amount and size of crystallized materials)

which gives a hard anodized film exempt from cracking.

The aluminum substrate should contain an adequately

11
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remain in the anodized filmfornmed thereon afterward, they still retain
their original fine size and original orient- ing direction. Consequently,
they are adequately separated from one another in the vertical direction
in which corro 14 sive liquids infiltrate. This structure is effective in
bl ocki ng corrosive liquids and gases frominfiltrating through the
interface between the alumnummatrix and the crystallized materials. For
crystallized Ea&ii;les t o, produce the above- nentioned_effect, they should
have a pafPPEFELLFTe2BaBRt Phatl 1P SMRIENEKi & SFeciardiycilar Cho t he

| onger axis . s .on average no Ioanr,than 10 m preferably no | onger than
6 gm andaﬁﬂspgbeg?F%BF9 hb FEVgeFllizas PUimexGe seRFecadd0Y ofOlRPDSI t ed
particles, it should preferably he no | onger than 2 &m and_nost desirably
be no Ion@%PchanAld?girqm%e AT Garits dhatspZeAlsMan average
one; the i- mumparticle size should be no | arger than 15 pzn, prefera-
bly no |a$§§?ytﬁaﬂt§bnb%9 Dbt st Me lean tiheg And® afz84: f #heh may not
have satiifactgﬁé c&rigsige liquid re- sistance or cracking resistance.

| nci dent af £§3 Nabet ARt patt i b IASHEISIN Sogdrrddgd gentmBt @bt ent of

t he sun1of£ige maxi num di aneters of individual particles divided by the

total nunBifo¥s CREPPRENEY ekCUHERS 1% i BR a8 5&ev el bhet RBYST oss
wch the hath e Reh EERTRAIE IS oo B eHRiA R 068 thet FhWRL B g
oy be. scht ooy PehPSodtt B66? SidR P SR RIRCIRIAS by AMSRENG Geposi ¢ od
O L H S AT

anodi zed $j | myndhes, obfgct ds | £v 64, Q0 Xn@%i%%ﬁﬁep§ﬁﬁhiifig§ are
uniformy distributed I n t%e al um num substrate
should be as small as possible, preferably no more than
0.1% in total. Excessive impurities release themselves
from the film surface during operation, thereby causing
contamination to objects being treated (such as semiconduc-
tor wafers).

It is assumed that after the above-mentioned ARl-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 elucidated. For
the aluminum alloy to fully produce its effect, the content
of Mg should preferably be 2.0 to 3.0%. Excessive Mg makes
the anodized film poor in hardness.

Si combines with Mg to form Mg¢g,5i or separates out in
the film to form z silicon deposit phase {mentioned later).
Mg,S51 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%.

12
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before anodic treatment. Incidentally, there are no speci- fic
restrictions on the nethod for fine dispersion and uniformdistribution
of such particles in the alum num substrate. The object may be achi eved
-by controlling the <casting rate when the al um num substrate i s produced.
In other words, the particle dianeters can be reduced as the cooling
rate in casting is maxim zed. To be concrete, the <cooling rate in casting
should be no Mailer than 1C/'s, preferably no smaller than 100/ s. in
addi tion, the $%Makehecthe t3natinas fiduchoadeteand Mm)haxdngi®d to control
the shape_and djstribution of deposited particles as desired. |n other
words, hedi tEPBERNRRt IPEME AR TS BRe S P W sa MR bt Temrttiny taper ature i s
as high as possible (close to the solid phase high tenperature) so that
super sat u?éE%aS%Pi a1+ soPBER ot ar FiohGRsd T eslvg e ﬁ*ilgfﬁé&flcﬁr ent BReE-is
fol | owed bX agin in two or three stages. Heat treatnent under ade- quate
condi t i on82t hSEPRBF | BNs3PARY | FRY Tiakdds gsodadedafilmic| 28 &@et| and
ensur es theiE ueiforngdist{ibution in the  substrate matrix. in addition,
crystal | i 8g parti EPRESRhdLO dBptR it s ifartictite S 1ARA AR NBEF ePRORIA t he

of . hot _extrusjpon or hot roIIiQ% %@g& foll ows casting. Thus it

1 “t°h r

g !
i;regg;g?g?el?ﬁsngﬂﬁnpgfi oI RS ahly i J-P&F-direction as
tioned abovg if.1he direction.of extrusi ling is .adequat el
Tont 1ol o orihe 2t Of i SIS 1 5K L PUES s Lot e my 80 ° 60T 2o
film but i fi trj.ct t i Lian, _which th
anodi zed TirarPebp SRR RO (AT 1AhenERS BoBe 11 Y cRoht Sy der ect s,
such as Cél"f‘&i‘éctélﬂgﬁcé‘gg%iﬁeéi%tf gt thg‘i'm"i*lﬂmte.ughéuP&ﬁéf%cﬁr%eo%ecause

O herwi se, It does not t satistfactory Cofrosion resis

such defggd sapanktai afihtr atdnof %%g'h?_%il\iﬁy' EYUhERt8Nds 985851~ | N

addi tion, such defects nmake the anodize iI'mpoor I'n sur?ace Sribot hness

and causeup! &sdaz { Bc CONGENE M5 & ddiRfeR0Be calkeChnk9agdsat fet ¥ P! AR
resi stance. Moreover, such de-
the anodized film attacked by plasma during fabrication,
thereby causing contamination to semiconductor and liquid
crystal devices.

The aluminum substrate may contain c¢rystallized mate-
rials originating from alloying elements and inevitable
impurities. The crystallized materials are solids remain-
ing undissolved in the substrate aluminum matrix. For
example, an excess amount of S$i 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 cf corrosive liquids and gases. Thus,
the anodized film is poor in corrosion resistance. 1In the
case of an anodized film with crystallized $i as shown in

Fig. 2, there is a void 7 between the crystallized Si 8 and

the anodized film matrix 2. This void permits correcsive

13



fects permt infiltration of corrosive |liquids and gases, which also

| eads to unsatisfactory corrosion resistance. The above-nentioned anodic
treatment which is performed on the al um num substrate easily provides
the anodi zed film which is free of defects, such as cracking, and has a
high filmhardness, as featured in the present invention. The anodic
treatnent is carried out by using an elec- trolytic solution which is

lified b i ' id |.fur.i id,  ph hori id,
chr oni ¢ adhATAgRIODOPRTLERES S STy AT BHORSERER m ¢ aci d and
oxalic achg%.hR gegirable glectrol¥tic solutjon is ongh which has a | ow
di ssol vi ng pSier2FbF FRETAROIT T8 FT TR % LOVER + of PBXBPTY acid is

Condi {1 on€ -FEGEn e EPTCEP oyt A ANARYE L ) and roadi 1y Torme A very
2erd and tart ar o eelir A 1 B RR i Se AR DRt i The ¢
2 out 1 i 8R Py SR FaF ot AT ERE s b aeaRobAe hetdea
7o no-spSErt AP PO eE FebRRE: o IhANAE Cel, Bk TRl R "B Tyt ¢

sopution, .uhiol.agx Pe.pslequalely oL qnidaldiad s%ucg?a&hg},%i h%ﬁe{ ggprolytic

sol ution forns an odi zed film ef'ect's "('suc tting) at a
suffli - i eably i helk! MGEOUE N AL ol EhRELHOLKELCegpLitionn ol oxalic
b SO

aci d should have a concentration higher than 2 hat 1t provides a

suf fici enahychizgl il Or pMé Nénd BY artHONRY@fizel redlloul dedVeo Ame
concentration |l ower than 5% so as to avoid its possibility of causing

pitting torftheidsodhdethe fahsuntThef & rafia tatEdhehgkaewhocl @€t 1 Dhvyids.

solutions than nentioned above. An exanple of themis a solution of sul-

furic aciin addithignel i e dewidtzbdce fhiHarn whiechriysthal fzdditmateri-
als in the substrate should orient in the direction paral-
lel to its surface, as shown in Fig. 3, becazuse they remain
orienting in the same direction after anodization and hence-
prevent corrosive liquids from infiltrating in the depth
direction {or thickness directicn). This leads to improved
resistance to corrosive liquids. Furthermore, the anodized
film with horizontally orienting crystallized materials is
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 thereof. Although such crystallized materials may
remain in the anodized film formed therxeon afterward, they
still retain their original fine size and original orient-

ing direction. Consequently, they are adequately separated

from one another in the vertical direction in which corro-
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subj ect to cracking. Therefore, anodizing with sulfuric acid needs nore
stringent 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
acid. Anot her exanple of known electrolytic solu- tions is chromc acid.
Chrom c acid, however, causes the resulting anodized filmto contain
chrom um whi ch_inpairs, the characteristic properties of sem conductor and
liquid cFyeealiguifeesnfastrehei onbal abvirictaliodiia ed feicthvehdsphori c
acid is also known. However, 18 it suffers the disadvantage of causing the
resul ti ngPapeklapzearFPEaVEol tonids endsiakes s phadridsratiiol i npedes the
hydrati on reaction, thereby presenting difficulties in conversion of the
barrier | B)Epught BhGpéEEl§§¥a©©e]h¢rtW%el1 bR SN Neltedr ahylt tbesol ut i on
of boric acid does not rovi de any anodi zed filmw th a sufficient
thicknessc¥5$ta%ﬁézﬁéc%égﬁ¥ya%ﬁaracteristic properties because of its |ow
di ssol ving power for alum num There are no specific restrictions an the
bath tem per atQr ofS {ael i &t thadiiigle ssdleurirtedursr thaoabever eat nent .

Anodi zing with an excessjively | ow bath tenperature does not provide a

suf fi ci enPfYt PRI T BF AEGF oWk Y rh@ilith el e e tilgd easda@rzErghef f i ci ency.
Anodi zi ng_ Wi th_an excessi vel hi gh bath tenperature dissolves the

anodi zed ???E15ﬁﬂ 55%&2%5 'R QF&EQ“}FHétﬁhﬁﬂetéﬁﬁéﬁﬁtéﬁésoﬂsoxalic

acid should bhe no | ower than 10C, eferably no_lower than 15C and no
hi gher th3ah %g%fa%?e?%r;%v9eﬁdt ’bﬁﬁi*ﬁhaﬁ T3l Yr BOal 8RBT shRERT i ¢

icti bat h,vol f di . .The, bat h I
Choul o beb o BRATRRSE (BFEHAEN A APy S Re W | s BUPAG TS e and

h iLopn. AR | ut i Anodi zi ith i
aci d ot of carRarhus PERELERAS 4 it e RN beno o PbHFRar aness

and is lopln £1 i GLOWMEG '@ Lirably be no longer than 1 um. The

above-mentioned particle size is an average one; the maxi-
munm particle size should be no larger than 15 um, prefera-
bly no larger than 10 pm. Otherwise, the resulting ano-
dized film may not have satisfactory corrosive liquid re-
sistance or cracking resistance.

Incidentally, the average particle diameter is defined
as the guotient 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 help of an optical microscope (said cross section
being perpendicular to the surface of the aluminum member).

The anodized film may be subject to local deteriora-
tion due to crystallized or deposited particles which are
unevenly distributed. For avoidance of this trouble, such

particles should desirably be uniformlyv distributed in the
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(and hence is poor in anodizing efficiency) . By contrast, anodizing at a
hi gh bath vol tage nakes the resulting ano- dized filmto dissolve, causing
defects to it. The bath voltage should be no Iower than 20 V, preferably
no lower 19 than 30 V, and no higher than 120 V, preferably no higher
than 100 V. The duration of anodic treatnent is not speci- fically
restricted; it nay be so established as to give a desired filmthickness.
There are no s ecific restrictions on the thickness of the anodized film
to be forABAIbyethel Hhodi Bh1§ RIS IsTHEhdsyerzenly | i fn sidlulphttave a
sufficient thlckness,so that it exhibits good gaseous corrosion
resistanc& lepi gupduntbermly o yigsibittascdn he g Eamhnumesmnﬁtmﬂﬂa It should
no thL ger t han 10 gn] preferably no thlnner than 25 pm and nost
deS| r abl yPROCFRi AREFLE nhreaonaRt . | (IiHsard 2aLgo ther@oareinkespeadian 120

pm preferabI£ no thj cker thaq}loo ~tm_and nost desirably no thicker
t han 60 p A EXtEE10RF \QJ yt Ehl"%ﬂ@'qu s TFPabfEsRer efaleidnd and peel i ng

FiTm oot AP EERER, kBT TR e s IGARRr b5 PR MWy
Che. por e SEREFRFE"CHER, FRERT it ok aaaee ht S Spees 1 i (0P8 aotrrot s
anodi o (r Sar et TRe oaret (Y apalifiony SUERtF ARG Tarmr i ac‘ép?)”terecung
the al url g a1 AayaSUBSHS 34 1D GRTASL W L e@gg%%o%v%e%'gcsgr gglggd

gases infiltrating 1nto p pon prol ofg

liquids oppgases. réfe BArcaddifly lgy%kxggﬁgga[lyT %ﬁh%gg% r iafiltration

to the alum num substrate wt nsequent arrler 0 | ayer
shoul d pred6T add yrdvee amn td e rRp PRIidbbe. nE’OE‘ﬁ‘é(PIer @sd hecharrier layer

becones thicker, the pore dianeter

preferably no smaller than 10°C/s. In addition, the final
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) s¢ that supersaturated solid
solution is formed, and this heat treatment is followed by
aging in two or three stages. Heat treatment under ade-
quate conditions that follows casting makes deposited par-
ticles small and ensures their uniform distribution in the
substrate matrix. In addition, crystallized particles and
deposited particles readily orient in the direction of hot
extrusion or hot rolling that follows casting. Thus 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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beconmes | arger, and as the pore dianmeter becones |arger, the barrier

becones poorer in plasnma resistance. This inplies that the barrier |ayer

does not inprove in corro- sion resistance in proportion to its thickness

because it permts corrosive liquids or gases to nore readily infil-

trate through pores init. This is the reason why the conventi onal

anodi zed film does not have the bal anced plasma resistance and corrosion
ired of the v chanber nenber used for

{abr i cati BAZ07 SoM CBNGURRES M 195 GALyd: AFSCALGT CBRS GG whe
mvent | onCBSAEDTPEACHER 1 ATkt 2iPh SB0rPERRan b} pl AR 4RE WAL as
ayer i SHOCEROF (oorS TEaty (6ot o bt BSaFbRERer VBB | has
(pecudo) Beshid ot IRCFE A MG 1eiralRe e BB DAY TS ayor i s
o porfor kot UBEF 14 Sherdad Ror e BR AR PP b Tl
ey | e RE e beary o A Bl Ok OB OER b of PGS 1) 9ade™ o
1 Convert ao T ke bar 1y ey ot oreae et A L5 S hoanm 1o

means t habuk hgc@OSRStIAYEY AU [hRRADALsnST tbaYScdise Al S0 GRS ed into
(pseudo) boehm te because hydration causes conversion iInto :

(pseudo) berboh t Bedds pre-1®eqd fsmemidie ssuntace Wbrddveanadigeddil m
Therefore, the anodized filmaccording to the present invention has its

surface péaettalsermonvirfed iattion pseddo}boehai 1 bqaitds L §adds, exhi bits
better plasma resistance than the conventional one w thout conversion
i nto (psevdo¥borhed tledds the poedisfactory corrosion resistance.
The above-mentioned anodic treatment which is performed on
the aluminum substrate easily provides the ancdized film
which is free 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
boric acid) or an organic acid (such as formic acid and
oxallc 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 easy control of anodizing conditions ({such 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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diameter is the sane. In addition, the anodized filmit- self has inproved
corrosion resistance if its surface part is converted into

(pseudo) boehm te. Conversion into (pseudo)boehmte is acconplished by
hydration which is perfornmed on the anodized film (or alu- m num oxide
film formed on the alum num substrate. Hydra- tion consists of inmersing
the anodi zed filmin hot water or exposing the anodized filmto steam (at
100' C or above% thereby sealing pores. Conditions for hydration may be
proper | y BEFRLFi fhedanednzed niulht v oot mds abadt ivéknkdy Bighnsi on t hat
starts fromthe surface of the anodized film_ it needs accurate control
for presstiPB®-tehPeraiofe, BatPhiuragidrhovdidube wxpaninonomeianat he
surface shrinks. pores,.. and shrunk pores inpede steaminfiltration into

t hem ThiElo?n”%anD%E%%%wﬁ%ﬂqrﬁPtﬁﬁ93¥ﬁfﬂt&yéhefﬁé&ﬂceﬁpﬁéﬂe xabeersion
into (pseudo) hoehmte . Mreover, excessive expansion in the surface of
the anodi zed fi1RSAHY RadRetdckix§§LriEkéessi or| Yhe eancentirart i on does
not achi eve co efe con 22 version intqg (Pseudo)boehm te. Conversely,
excessive?&on?gab F?%r%i%?ﬁFQ%ﬁE&%;%ﬂ%ﬂﬂ&oﬁg ¥bitheMpy| At aHearatelersely
affects corrosi i quid resistance. dration under high pressure
permts s?%%5¥?%f7%a 15 PR S paTcdy thgy plut henetermsianal so

d hdly.ip. fhe fil f .. thereb ing the above- ti d
o obtom MRPebyE . ETariee G A By ehpaFabrE RF brbk i3 BoRveT si on- of
th i I, 1ym 1,0t . b i.te; .h r. it al - d
api iy 1o 4 L P AR SRS, A ERES kp by otk omiar probl em
The ad - e f cat i ith.st
depond g b Thore ol gt o e S Bach AR Bh ARt WA cness,

and the gurgdion of o Aeratd oD o fBArALLeR WMLt By, S eds precise
control aéswrr%?]%?(r)hngc? abovczééa%; shencgqtglrngslg\r%gelai %fﬁf{‘l @ﬁ?‘gjiré%pﬁaﬁ:egi ving the
anodi zed Hdwew@s, specdHd 8l NN RpesaRLat PYENI L0, g eforg, Jydration

by imersion in

to aveoid its possibility of causing pitting to the anodized
film. |

There are other known electrolytic solutions than
mentioned above. An example of them is a sclution of sul-
furic acid, which yields an anodized film which is hard but
subject to cracking. Therefore, enodizing with sulfuric
acid needs more stringent control than anodizing with ox-
alic acid for the composition of the aluminum substrate,
the temperature of the electrolytic solution, the voltage
and duration of electrolysis, &nd the concentration of
sulfuric acid. Another example of known electrolytic solu-
tions is chromic acid. Chromic acid, however, causes the
resulting anodized film to contain chromium which impairs
the characteristic properties of semiconductor and liquid

crystal devices, as mentioned above.

Anodizing with phosphoric acid is also known. However,
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hot water is recommended. Hydration by inmrersion in hot water should
preferably enploy pure water. Pure water may be incorporated with
additives according to the object of hydration; however, they may add to
cost and conpl ex the process. Additives caught in pores may inpair the
characteristic properties of sem conductor and liquid crystal devices.
Thus it is de- sirable to specify the anmount of substances contained in
the treating solution if additives are used. In the case of nickel acetate
as an additt iswf fans thoontismdvaritags wit beusiegt the sebultbmg shwed d be | ess
than 23 5 g/L, preferably less than | g/L. Likew se, the concen- tration
of cobal tdizeet dtiemsHoulabide lre e stiima 15 phbkphpr ef - wet abl ympesss than | g/ L.
The concentration of potassium dichromate should be less than 30 g/L,

pr ef er ablhydredsiarharea X igirl,. theeebonperteating of £ $ock vl earhonat e shoul d
be less than 5 g/L, preferably less than 1 g/L. The concen- tration of
sodi um siddnyatrs isiioi id e egsithrad ayeg/ Lntpr ¢bsecadabyehwsise f han | 5/ L.
Treatnment with hot water becomes shorter as the water tenperature

i ncr easedtorapvey, s adasd,ectirodentarc, sphatdunadtono.oict send s nesidls preci se
control because of its narrow |atitude. Treatment takes a longer tinme as
t he wat e®Pnostisier ANV @nhebirzess &4 lmawidbommendéilciemt ethickpesatfse i s no

| ower than 70C, preferably no |ower than '750C. Tine required for

hydr at i orfHies NeGesHRadi charaatey iséder pepparties npgcamsorabeity Lontrol | ed
according,, to.the tenperature and the rate of hydration- Excessively

short hy &SSOy ing) Bastetadipre e WdRPNet e conversion into

(pseudo) boehmj and excessive dration may cause cracking to

e, ly long h i
t he anodi zed FEFFF ﬁﬁ?cﬁodéPéFF5¥5t€§§k¥ F PR sFY ddicodatdsitemance and

fil f har d ti ioned ab brj bout
conver 3| B SRS, (oo USETORECLR ERBLF S3P oRPio SO AR SIGEPRS | m

eXte“d'“%ﬁ%@%@&%@eﬁ@éﬂ“é%“@k%%%sﬁ%eigelgﬁr££§£ ééiégfagE%§ does not

Pprovide a sufficiently high film growing rate but reduces
the anodizing efficiency. Anodizing with an excessively
high bath temperature dissolves the anodized film and
causes defects to it. The bath temperature of oxalic acid
should be no 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
for anodic treatment. The bath voltage should be ade-
quately controlled according to the film growing rate and
the concentration of the electrolytic solution. Anodizing
with oxalic acid at a low bath vdltage gives an anodized
film having a low hardness and is low in film growing rate
(and hence is poor in anodizing efficiency). By contrast,
anodizing at a high bath vocltage makes the resulting ano-
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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it adequately nodifies the anodized filmw thout causing filmdefects.
The present invention does not specify whether or not pores exist in the
filmsurface after hydration. Pores nmay 24 be either sealed or renain 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
t he above-nenti oned characteristic properties. In addition, there are no

restrictions on.the size shape ores in the porous |ayer of the
anodi zed gﬂ?ﬂlgao esapﬁ éhBlﬂﬁ? %ﬁaqéyﬁ}Vhaf“@éemébgﬁrn?hhh9$ﬁ63e in the
film sur r. vice a. The alum num alloy nmenber, with its surface

anodi zed, 38c6$8|ﬁg t 8 Fh uﬁ?@%%%tO#rﬂﬂﬂﬁ1QN¥§Q@EFSPFS15e¥?5r5P%%13 t ance
t 05|ve | i Qui ds . and, gases than the
cgnSgL[?§h§$ gﬂgpﬁﬁggaﬁg§ﬁéeu§5as ¢ be gHéHﬁQraBr EPaFt¥ethereof for
dry etchi ar at us, PVD apparatus, ion inplantation

Y oot ustdsREA BhIR: enpsknaRRAr AL, (WD BPP ori

appar at us etc. which are used to fabricate

n more detal | THFTH S %ﬁ%&f&dcfvﬁ@%%m APRG SEatT S LR A ol
Lt oned cho BRBUELEN ERPnSEOnEe AANRA! mv At d B R IR B DY

cations I nventi on ?he spirit

and scoperhbepaals , EXAVPLES, nEach AP s%ffﬁ'c&%@gghgggxgéégte shown i n

Table I was cut 1nto a square speci nen measuring VVth

o o ERaDOL LS BREL BY 8119808 A4 S BN 113 Iemgﬁaﬁ%mﬁ grea3| ng)

imersed in a 10% NaOH sol ution” at 500C secon
and then topeeseeni PedidfinEDD2ad S0l QR Ak thaem t efpesgiiiE BT

m nutes (for desnmutting). The pretreated speci nen was anodi zed under t he
conditi onso thinnexr than 10 um, preferably no thinner than 25 um,
and most desirably no thinner than 40 pm. It should also
be no thicker than 12C um, preferably no thicker than 100
um, and most desirably no thicker than 60 um. An exces-
sively thick film is lisble to cracking and peeling due to
internal stress.

According to the present invention, the anodized film
obtained by anodic treatment should undevgo hydration for
conversion into (pseudo)boehmite. Incidentally, since
hydration changes the pore dismeter, 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 substrate from contact with
corrosive liguids and gases infiltrating into pores. Upon
prolonged exposure to corrosive liquids or gases, the bar-

rier layer gradually permits their infiltration to the

aluminum substrate with time. Consequently, the barrier
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shown in Table 2 so that an anodi zed filmwas forned thereon. The anodic
treatnent was foll owed by hydration wunder the conditions shown in Table
3. The resulting test pieces were exan ned for corrosion resistance in
the fol- lowi ng manner. [Anodic treatnent] Each test piece was placed in
an electrolytic bath containing 10 liters of '"the electrolytic solution
shown in Table 2. The electrolytic solution was kept at the tenper- ature
shown in Table 2 by a thernostat. A voltage shown in Table 2 was applied
bet ween theYeesthohbd eoyoferael wihmiatuhiskbasr neeyibie. a PwavVeum count er
el ectrode. The voltage application was continued until an anodized film
of desire¥ e R@EEEe Hak? ¥ RREONESH dhilgketrhethesPope edbaRflse X i nsed.

[ Hydration) Treatpment with hot water; The test piece was imrersed in 2
liters ofP4fAMSHLLRTIVY: AT &Trife®orengirmetcpebroemes Fakde%, the test
pi ece was,  rinsed and dried. Treatnent wi_th pressurized steam The test

pi ece wastPRRRTEET PLEVHH iIRPHFTadfoP aFBauRgat SEPRER i cTRbhdi ti ons
(pressure, and, tenperature) for, a qrescribed period of tipe. Finally, the
test pi ecHWAkES i ‘ﬂé‘r‘?dk%ﬂqre‘cﬁr[ﬁﬁc‘}é"pﬁé?ﬁﬁcn%i YNEEP B £ aRQYEF 9 TreT Si on
test] This, test was conducted as faqllows according to JIS H3683-2 1999.
First, tHoiQbots et ARES | BT O £i & E80Lher BNes? RPGAPISOR L/ L at
18-200C) for 10 m nutes, Then .the ipecinen was rinsed wth deionized

wat er andUrHES v TH © I & FILCFh € s FESERe hOWHRT e §ReH-Y NgXE111 he

speci nen W%S [ rsed in | liter of deionized water (at 38+1C)
containirﬁf ﬁgmiﬁuéﬁuﬁﬁﬁﬁﬁi%P'dgrd and 20 g of chrom c anhydride, for 15

T ey BSE T S MsCh). Ba oL BV LA A Bt e anc
speci men 4ass 0t G0ark A9 balBR dd03 aBha"eh @bt BRE. Uld A5 HANRS, cal cu-
resistance, which is required of the vacuum chamber member
used for fabrication of semiconductor 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 liquids and
gases without the necessity for a thick barrier layer which
inevitably leads to a large pore diameter, because it has
the barrier layer whose structure is at least partly con-
verted into (pseudo)boehmite. Incidentally, the thickness
of the barrier layer is not specifically restricted: it may
be adequately established according to performance regquired
of specific uses. According to the present invention, it
is not always necessary to convext the barrier layer en-
tirely into {(pseudo)boehmite. The extent of conversion

into (pseudo)boehmite depends on the degree of corrosion

resistance required.
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| ated and the rate of dissolution (ng/dnR2/15 mn) was cal- culated from
the | oss of weight thus neasured. The smaller is the rate of dissolution,
the greater is the degree of nodification of the anodized film which has
been converted into (pseudo)boehnmte. The rate of dissolution of the
anodi zed filmis shown in Table 3, under the colum of phosphoric
acid-chromc acid imersion test, in which the wunit is ng/dn2/15 m n.
[Chlorine gas corrosion te First, the test piece was W ped with a soft

t
cloth noi sten‘efooww%t@w]e.baifﬁéeanéaw%daFi 2R o RHE 1St ece was
artly masked with oly,mde tape (which is resistant to chlorjne gas),
Poth Lot seadalPethBit el Tiskng Bl Mhe® Bobous Tavhe thstie Bhdtime ° )
laced in a silica, tube (resistant .tg chlorine,gas), which is provided
b rea hem Daverdis ¢hS (O Y gites Toarinn) BoRkns tF hera SRl
control. Thﬁ{S%lica t ube was heated fr n1roon1teyBer€tU£e to_ 145-155C
over 20- 30YATAGLRR SAUSEReTORETS L 14501 §B58U99) PRFIBYt & hutREC™ The

ot SRR S SRR PP D A
Over 10 EyTHASSERIN 05 Koo W NS ST E LR WP e
uas. cont i puppsby suppl Lo WdlveIOLERS 400L3LD) BO-RLIOD Lo ediours. The

silica tu uppl 1 en to scavehgé chl ofi ne- ‘contai ning

argon over s 2s 3 Moye s Q&%@éf’ SOAHNG L9 SR ‘Eﬂgﬁr@ﬁé'rgonveﬁlfxﬁﬂna[ enoval

fromthe silica tube, the test pilece was examned to calculate the ratio

of corrodgfeanené@ti tsnversiAtaiPapsEius ) bathRits #A tREgNiddi cating
the presence of cracking and other defects on the surface of the

anodi zed 8ikmerdheisowes ddiee & atlip.addieibass thheassaizéaceiefeet s, and
"vice versa. Disappearance of the ano- dized filmfromthe test piece was
regarded aslfhieaocimproved corrosion resistance if its surface part

is converted into (pseudo}boehmite.

Conversion into (pseudo)becehmite is accomplished by
hydration which is performed on the anodized film {or alu-~
minum oxide film) formed on the aluminum substrate. Hydra-
tion consists of immersing the anodized film in hot water
or expeosing the anodized film to steam (at 100°C or abeove),
thereby sealing pores. Conditions for hydration may be
properly established., Since hydration brings about volume
expansion that sterts from the surface of the anodized film,
it needs accurate control for pressure, temperature, and
duration. Volume expansion near the surface shrinks pores, .
and shrunk pores impede steam infiltration inte them. This
in turn prevents the barrier 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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rence of corrosion. The test piece assuned discoloration in the part
where the anodi zed fil mhad di sappeared and corrosion reached the

al um num substrate. The results of the test are shown in Table 3.

[ Conversion of barrier layer into (pseudo) boehmte) The test piece was
examned as follows to determ ne whether or not the barrier |ayer
underwent conversion into (pseudo)boehmte. First, the cross section of

t he anodized . fil m of }he t est piece was observed under an_ SEM (x2000-
100000) tBREHrE e R$RYAGIRGE R tone fanvegselayeexcereivalyri er | ayer
was quan;hgativq%y anal yzed (in the depthw se 28 direction) for A -C

A -OH antPH¥ -BY@HEtioh s fErckisg tehdhenddilmedwhich bgversaly
diffraction and X-ray photaoel ec- tron spectroscopy (XPS) in conbination.
The resul3&fests JVE R B repistances oHydgakipnsprder veighi ndi cat e
that the barrier |ayer, at |east partly underwent or did not undergo
conversi Gt § Qf?rﬂggﬂﬁﬂstiﬁﬂﬁﬁtQQ reagddoc keache taei Barmiersiayier pst)
First, the test piece was with a soft cloth_noistened with acetone.

wi ped , ,
The test FEEMas pIHSR ARPEsdSorekiRdy: éa sbe16ddm spThaceven

tenperata&g decreased tﬁ?ﬁ%4 "C after the oEening and cl osing of the oven
door; ho Y RYSH FRYIBEEIRPERA ATSBSAR - 10MATRAYRE, ) The test
pi ece wa t, at 0QC.f.or hour in the oven. After cooling (for about
1 hour) t ro&ﬁir%#%éfbgﬁﬁ@;%FﬁgeF€§PrepP€8@°ﬁﬁ§ FORVEYSheR Weh a

an"ar on. a0 T RG] NnseBRsT bR n e Y B PR B ekl B R i &
CO Lol Pt Spased s see e o TiE oL LR e T e
O e N T SR
al | oved ferashand fior HhRravdoachhehi graghdvatyr Q0PLASIRE &l Wik Time

size of pores in the anodized film, the film thickness, and

the duration of hydration. Hydration with steam needs

precise contrel as mentioned above and hence presents dif-

ficulties in giving the anodized film as specified in the

present invention. Therefore, hydration by immersion in

hot water 1s recommended.

Hydration by immersion in hot water should preferably
employ pure water. Pure water may be incorporated with
additives according to the object of hydration; 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 the amount of substances contained in
the treating solution if 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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required for continuous evolution of hydrogen gas to begin (after the
pouring of 7% hydrochloric acid) was neasured. The reaction involved in
this test is represented by the follow ng equation. 29 2A1 + 6HC. | 2A1C13
+ 3H2T The longer the time before evolution of hydrogen gas, the better
the corrosion resistance of the test piece, The results are shown in
Table 3. For the test piece to have good corrosion resistance, the tine
before evolution of hydrogen gas should _be |onger than 260 m nutes,
preferabl§ 9f/bngeFeferpsb 0 efindttan lasd Inostid#esifabl 1he giferen-han 300

m nutes. (Measurenment of film hardness] The cross section of the anodized

filmwas exakipedr fepPas ke laret atdr dhesid dabGorgFfgthen b I/ 24 afrder the

fol- lowing condjtions. Load: 25 9f, rate of loading: 3 ~=1s, duration of
| oad apptFeaiy ohesasthal ond®/ L | RAtEr Fopsenshpkgone’t ) PEiastium he t est

pi ece (negiuring 50 nn1p%%50 my) was w_ped with a _soft_cloth noistened
with aceteheRTeks SHekLhfenesD W58 Afadél oPrahc kR batsss hady y

ot BTE e o e s S8 R 0 o
IR A I AL TR SLON T T ek
S o PR B e oLl AR Lol SRR v,
Pou S ey oBugl ol ol gk e g I i o

measur emegho pELh 20 OYEMwa il MRMpdrtMrkhii GkpesSe UGSt JAlL Of

pol i shi ng was
however, the duration of treatment needs precise controel
because of its narrow latitude. Treatment takes a longer
time as the water temperature decreases. 1A recommended
water temperature is no lower than 70°C, preferzbly no
lower than 75°C. Time required for hydration is not speci-
fically restricted; it may be properly controlled according
to the temperature and the rate of hydration. Excessively
short hydration may not achieve complete conversion into
(pseudo)boehmite, and excessively long hydration may cause
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 from the film surface to the barrier layer. Thus
it adequately modifies the anodized film without causing
film defects.

The present invention does not specify whether or not

pores exist in the film surface after hydration. Pores may
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calculated fromthe amount of polishing and the tinme spent for polishing,
The anodi zed filmon the test piece is regarded as having good pl asna
resistance if the amount of polishing nmeasured as nentioned above is no
nore than 7 ~Lnminmin, preferably no nore than 5 Pm njn, and nost desira-
bly no nore than 3 pmimn. 31 Table 1 Code Si My Cu OrientationParticle
(mass% nmass% (mass% di anet er L010. 12. 50. O5Paral | el 5

L020. 12. 50, O5P. dicul ar-_5 Cal.0.222. 00..02Pay al.| e] 4

(020, 153, B5. BLPAPEI £ & 1o 0o 92 1gh HsBard Ll BIRDAbLaR 5 oL Pl | el 4
CDSO.202.§8.8§ParaIIe#11 C060. 5%§%p.03Parallel3 C07q1233.20.02ParaIIeI9
C080. 312. 508%0BPAF 4F T et 8 C0O B2 \$G 5o Pardl e F8PEEHL a9 0D 1.0 Parallel 5

C110. 23. 20, 1£38 84 $ 8L B £8 % P20 BPARI& ¢B%¢ the anodized film

exhibits the above-mentioned characteristic properties. In
addition, there are no restrictions on the size ({or shape)
of pores in the porous layer of the anodized film; pores in
the barrier layer may be larger than those in the film
surface, or vice versa.

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, ion 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
to restrict the scope thereof. Various changes and modifi-
cations may be made in the invention without departing froem
the spirit and scope thereof.

EXAMPTLES

Each sample of aluminum substrates shown in Table 1
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 scolution at 50°C for 15

seconds (for degreasing) and then immersed in a 20% HNO,
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Table 2 Fil Anodic treatnentthi k m No. SubstrateEl ectrolytic Bath tem
Bat h vol tagec solutionerature - Hess (m 13% oxalic aci d166050 23% oxal i c
aci d166050 33% oxal ic aci d166050 43% oxal i ¢ aci d166050 54% oxal ic
aci d257015 63% oxal i c aci d166050 73% oxal i c aci d166050 83% oxal i c
aci d166050 93% oxal i c aci d166050 103% oxal i ¢ aci d166050 113% oxalic
aci d166054 123% oxalic aci d166050 133% oxal i c aci d166050 143% oxal i c
aci d166050 153% oxal i ¢ aci d166050 16L013% oxal i ¢ aci d205030 172. 5% oxal i c
aci 203015 1n830ero )l | %0 Wk | TS0 Ure3%orax &l mnatedlﬁﬁﬂﬁodéﬂmﬁ%mdal e
aci d304060 213% oxal i ¢ aci d166050 223% oxal i ¢ aci d166050 3 2

The pretreated specimen was anodized under the conditions

shown in Table 2 so that an anccdized film was formed

thereon. The anodic treatment was followed by hydration

under the conditions shown in Table 3. The resulting test

pieces were examined for corrosion resistance in the fol-

lowing manner.

[Anodic treatment]

Each test piece was plaged in an electrolytic bath
containing 10 liters of the electrolytic solution shown in
Table 2. The electrolytic solution 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
applicatlion was continued until an anodized 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.

Treatment with pressurized steam: The test piece was
exposed to steam in an autoclave under specific conditions
(pressure and temperature) 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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244% oxalic acid +183040 251% sul furic acid 26 2712% mal onic aci d
28+2510045 294% oxalic acid 30 31L023% oxalic aci d166050 32CO 33C02 34C03
35C04 36C053% oxal i ¢ aci d166050 37C06 38C07 39C08 40009 41CI O 42Cl114%

oxal ic aci d163040 43C12 33 MO O a) I CANLnIWWNO10 CO-1 70

acid solution (500 mL/L at 18-20°C} for 10 minutes. Then
the specimen was rinsed with deionized water and dried with
warm air. The specimen was welghed. Next, the specimen
was immersed in 1 liter of deionized water (at 38z1°C )
containing 35 mL of phosphoric acid and 20 g of chromic
anhydride, for 15 minutes. The specimen was washed in a
bath and then in running water and thoroughly rinsed with
deionized water and dried with warm air. The specimen was
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 film, which has been converted
into (pseudo)boehmite. The rate of dissclution 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 anodized 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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for 60 minutes. The silica tube was supplied with argon
containing 5% (+0.2%) of chlorine a2t a flow rate of 130
cc/min. The silica tube was further heated to 295-305°C
over 10-15 minutes and was kept at this temperature, during
which the pressure therein was adjusted to atmespheric
pressure. The silica tube was continucusly supplied with
chlorine-containing argon for 2 hours. The silica tube was
supplied with nitrogen to scavenge chlorine-containing
argon over 2-3 hours before cooling to room temperature.
After removal from the silica tube, the test piece was
examined to calculate the ratio of corroded area to its
surface area. This ratic is an index indicating the
presence of cracking and other defects on the surface of
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
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 not the barrier layer underwent conversion into
(pseudo)boehmite. First, the cross section of the anodized
film cf 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
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direction) for Al~0, Al-OH, and Al-0-OH as constituents of
the anodized film by X-ray diffraction and X-ray photoelec-
tron spectroscopy (XPS) in combination. The results are
shown in Table 3. The marks O and x respectively indicate
that the barrier layer at least partly underwent or did not
undergo conversion into (pseudo)boehmite.

[Hydrochloric acid immersion test]

First, the test piece was wiped with a soft cloth
moistened with acetone. The test piece was placed in an
oven heated at 150°C. (The oven temperature decreased to
145°C after the opening and closing of the oven door:; how-
ever, it returned to 150°C within about 10 minutes.} The
test piece was kept at 150°C for 1 hour in the oven. After
cooling (for about 1 hour) to room temperature, the test
piece was partly masked with a fluoroplastic tape (which is
resistant to hydrochloric acid), such that an area of 40 mm
by 40 mm was exposed. The test piece was placed in a con-
tainer, with the exposed surface uvpward. 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
stand in the hydrochloric acid at room temperature. Time
required for continuous evolution of hydrogen gas to begin
(after the pouring of 7% hydrochloric acid) was measured.
The reaction involved in this test is represented by the

following equation.
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2A1 + 6HCl — 2A1C1; + 3H,|

The longer the time before evolution of hydrogen gas, the
better the corrosicn resistance of the test piece. The
results are shown in Table 3. For the test piece to have
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
minutes.

[Measurement of film hardness]

The cross section of the anodized film was examined
for Vickers hardness according to JIS 22244 under the fol-
lowing conditions.

Load: 25 gf, rate of loading: 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
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
plece was 80 mm away from the center of the abrasive paper.
Duration 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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was determined by non-destructive measurement with an over-
current film thickness gauge. The rale of polishing was
calculated from the amount of polishing and the time spent
for polishing. The anodized film on the test piece is
regarded as having good plasma resistance if the amount of
polishing measured as mentioned above is no more than 7
um/min, preferably no more than 5 um/min, and most desira-

bly no more than 3 pm/min.
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Table 1
Sj c . .

Code (mas:s% (me:ﬂsi%) (masi%) Orientation d?:rrntrtl:r

Lo 0.1 25 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

Co4 0.18 2.1 0.09 Parallel 4

Co5 0.20 2.5 0.08 Parallel 1

Co6 0.05 1.8 0.03 Parallel 3

Co7 0.23 3.2 0.02 Paraliel 9

cos 0.31 2.5 _0.08 Parallel 8

co2 .13 2.3 0.12 Parallel 8

C10 1.0 2.0 1.0 Parallel 5

C11 0.2 3.2 0.1 Parallel 8

Ci2 1.0 2.0 0.08 Parallel B
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Table 2
Anodic treatment . .
No. Substrate | Electrolytic Bathtem. | Bath vokage :!;"st?'fnk)
solution perature (°C) v d
1 3% oxalic acid 16 80 50
2 3% oxalic acid 16 &0 50
3 3% oxalic acid 16 60 50
4 3% oxalic acid 16 60 50
) 4% oxalic acid 25 70 15
6 3% oxalic acid 16 60 50
7 3% oxalic acid 16 80 50
8 3% oxalic acid 16 60 50
9 3% oxalic acid 16 &0 50
10 3% oxalic acid 16 (4] 50
11 3% oxalic acid 18 80 50
12 3% oxalic acid 16 60 50
13 3% oxalic acid 16 g0 50
14 3% oxalic acid 16 60 50
15 LO1 3% oxalic acid 16 &0 50
16 3% oxalic acid 20 50 30
17 2.5% oxalic acid 20 30 18
18 3% oxalic acid 16 60 : 50
19 3% oxalic acid 18 60 50
20 4.5% oxalic acid 30 40 60
21 3% oxalic acid 16 80 50
22 3% oxalic acid 16 0 50
23 o
4% oxalic acid +
24 1% sulfuric acid 18 0 40
25
26
27 12% malonic acid
28 + 25 100 45
29 4% oxalic acid
30
31 LO2 3% oxalic acid 16 60 50
32 (o]
33 Cco2
33 co3
35 co4
38 C05 3% oxalic acid 16 60 50
37 CQ6
38 Cco7
a9 C08
40 C09
41 C10
42 Ci1 4% oxalic acid 18 30 40
43 Ciz2
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c')c') tgq['?0C)c")c')r)tT 35 WHAT IS CLAIMED I'S: 1. An al umi num or

al um num al | oy -nmenber having an anodized filmformed thereon which is
conposed of a porous |ayer and a non-porous barrier |ayer whose structure
is at |east partly boehmte or pseudo-boehmte, said anodized film being

character|i zed by that {the[fli fmdi ssolving rate neasured by the test for
i mersipnl iin & mKxtiure c&ﬁ?hos- phoric acid and chrom c acid (conform ng
to JI'S IRBFIATITE |[CIBSs~1Han 120 ny/dnR/ 15 nin, the ratio of area in
whi ch ¢drfosijon logcbr(s |af tjef standing for 2 hours in an atnos- phere of
argon cpntai fijn octiroryTej(at 3000C) is less than 15% and the film
har dnesks %I i $ |ng gwer tihan 420. 2. The al umi num al | oy nenber as
def i ned|3 (R|IHUE B 2 R|BIF(Qpnt ai ns 2.0-3.0 mass% of My, less than 0.3
mass% of | 6 |- (aptd 1| B85 " REHT0. 1 mass% of Cu. 3. The al umi num al | oy menber
as defiped|/injCajmL| [whijch is a vacuum chanber nenber.
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CTEATTATS

WHAT IS CLAIMED IS:

1. An aluminum or aluminum alloy member having an
anodized film formed thereon which is composed 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 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
corresion occurs after standing for 2 hours in an atmos—-
phere of argon containing 5% chlorine (at 300°C) is less
than 15%, and the film hardness (Hv) is no lower than 420.

2. The aluminum alloy member as defined in Claim 1,
which contains 2.0-3.0 mass% of Mg, less than 0.3 mass$ of
5i, and less than 0.1 mass$ of Ca.

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

which is a vacuum chamber member.
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