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AND - SURFA l\ﬂ' AND MATERI AL FOR THE - VACUUM CHAMVB
¥l ELD OF THE | NVENTI ON The present invention relates to a
vacuum chanber and chanber parts nade of alumnumor its alloys used
for a chem cal vapor dep05|t|on devi ce,- a physical vapor deposition
device, a dry 10 etching device, &ﬁ%l i ke. The vacuum chanber and
-chamber parts exhibit excel | ent sion resistance to a corrosive
gas or pl asma introduced into the chanmber. The present invention also
_relates to a surface treatnent and material for the vacuum chanber
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and chanber parts. 15 BACKGROUND OF THE | NVENTI ON A
vacuum chawese/idgd chanber parts used for a chenical vagmnpds/;msst i on
devi ce, a physical vapor deposition device, a dry - etching device, and .
the like are required to have corrosion 20 resistance to a corrosive gas
(hereinafter, referred to as gas . corrosion resistance or resistance to

- .gas corrosion), because a corrosive gas containing hal ogen el enents

such as chl ori rbE & B 5§ @ubithin UL bnANE BATid Ad & S B 499 roduced into
the chanber as a reactive gas, an etching gas, and a cleaning gas. In
addition to th@%tﬁﬁ?‘b&&&bh&ol ntroducti on, haI ogen-based plasma is
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the chanbe g {Phy cases. Therefore, the vacuum chanber andl,clrl?r%d}a&ber
a

. parts are a SO reqwred to have corrosion resistance to

(hereinafter, referred to as.plasma resistance). To satisfy
such requi rerrents conventionally, a vacuum 5 chanber has been mainly
‘made. of stainless steel. However, vacuum chanber nade of stainl ess
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15 a vacuum chanber and chanber parts made of alum numor its alloy .
which is Imgmszgm wei ght than those nmade of stainless steePCHmsmn63
excellent in thermal conductivity w thout problem heavy netal

' contam nation. ' However, without being subjected to surface

treatnment, a 20 surface of aluminum or its alloy is not always excellent
in resi stance to gas corrosion and plasma.. To give resistance to gas -

corrosion and FEESTE ZalytsifFdcbidseat ment is necessary. For this
pur pose, various studi es have been conducted. For exanple, - Japanese

Pat ent Publ i cat |mL..E»’aSSwEﬁi'c-t'ozes%&H/éclﬂuﬂEZE%harma@\ﬂﬁm uses
alumnumor its alloy.whose surface is
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dnodi zed to form an anodic oxide coating, thereby increasingg

corrosi on Q9 e. However, no pri o? art, i n%:ll udi ng thegpaﬁp?sﬁo\%ﬁt i on
di scl osed i n-Japanese Exanined Patent Publication No. 5- 53870,

provi des an anodi c oxide coating which sufficiently serves 5 as a .
protective coating against . a corrosive gas and plasma. |If an anodi c
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products may beLRRoduced. Accordi ngly, there has been a demand for .
i mprovenent . @ Japanese Patent publication No. 5-53871 discloses
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However, if the coating is formed by the vapor phase synthesis met hod
such as | wo/is9sng, problens arise that the obtained RGFAIROBIB2263, 5

- small density and high cost-is required for treat nent. Japanese Patent .

Publ i cati on No. 5-53872 discloses an.ion- 20 inplant ati on method. This

- nethod, however, 'is not adequate for treating a vacuum chanber or

- chanber part wi t h a conplicated and .in addition, reqw res high
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brovi de a ym’gzg@anber or chanber part nade of al um num or pcraP9s/02263

all oys excellent 1n resistance to gas corrosion and plasma by an :
economi cal anodi zi ng net hod. ' The second objective of the
~present invention is to provide 5 a nethod for treating a surface the

~ vacuum chanber and chanber p arts. The third Obj ective of

t he present invemtgo 0 75 % 1i@lo @W% t he
vacuum chanber ar?tdbcgam %_lpg(ﬁp %?smt il I:B@ T NVENTI ON

To achieve thegiy Stﬁg@@fetw@utfmm; G@Qﬂt AnvenO aMig, A 1 dCrgeted to a
vacuum chanber nade o um numor its alloys conpri sing an anodic

gm de coating M%p@mmj’ppnq,g | ayer having 15 a nunber of pores and a
arrier layer without pores (see FIG 1 and FIG 2). Each of pores has
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dianmeter is smaller at the top of the porous layer than at a bottom
thereof. YRIFIRN¥ness of the barrier layer -is deternined iPCT/IP95/02263
accordance with a pore.dianeter in the porous layer. which is formed - 20

i medi at el y above the barrier Iayer A barrier |ayer also can be -

fornmed by non- porous type anodi zing as will be described |ater.

As descri bed above, pore dianmeter is smaller at the top of the-
porous | ayer tWa'ﬁ*atéca bottomthereof. The pores in the porous | ayer

may have a secti e its’ d| mater cont i nuousl
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Wien the a | | de coating contains two or nore ele ted
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Alum numor its alloys used for producing a base materi al
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partially or entirely nmade of al um num all oy such as gas d| ffusion _
pl at e( GCDPwo eé/s298r , shower head, susceptor, clanp ring, 2BCT/PISIOR263st atic
chuck, and the like. Hereinafter, a vacuum chanber is a general term
for a vacuum chamber itsel f and such parts. The entire vacuum chanber
I's not necessarily made of alum num all oys of the .present invention,
but may be made in.combination with the .alum num al |l oy of the present

i nvention ancﬁ)ﬁtdfﬁ%ﬁ'nﬁallén?"ﬁmﬁﬁ@dﬁt@ﬁﬁ&ahy‘(dﬂ:hed= sak@fan that of |
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* Her ei nafteg‘f%g}ﬁ& are -sone cases where the above- despf&f,ﬂﬁ)b%gm

chanber of €sent invention is referred to as 5 the first i nvention.
.To achi eve the second objective, the present invention is directed to
a nethod for anodizing the surface of a vacuum chanber made of

alum numor its alloys. Wen the surface of vacuum 10 chanber is

di zed f
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~used as an anodi zi ng solution, and 1 gramor nore of oxalic acidis 20
cont ai ned pBIO%/ISPSer of solution. It is nmore preferabl e t hatPCREPISH2263
anodi zi ng sol uti on contains one or nore el enents sel ected fromthe :
group consisting of sulfur, nitrogen, phosphorus, fluorine and boron, '

. or contains a conpound including such el enents. In the

. - present inventig i ndi cat es an
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Herei nafter

there are sonme cases where the surface 5 treatl,qﬁr).,g,9 gf)d i's
referred toVRY above

6{15295second i nventi on. As describe

achi eve the second objective, the surface of t-he vacuum chanbe
of alumnumor its alloys is - anodi zed so as to forman anodic
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20" and is _formed on the interface between the porous Iayerpéﬂﬁﬁgmaﬁs

 base mat eMY@PO/153R porous-type anodi zing is conducted by using a

sol ution containi'ng sulfuric acid, phosphoric acid, oxalic acid,
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5 di hydrogwm@t e solution), a phthalic acid-base sol uti por/fbosro2263

exanpl e, a potassrum hydrogenpht hal ate sol ution), an adipic aci d- base
solution (for exanple, an ammoni um adi pate solution), a car bon- base
sotution (for exanple, a sodium carbonate solution), a - citric acid

solution,. a tartaric acid soluti.on, a sodiumchromate 10 solution, or a
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the arrangement direction of the precipitates and/or deposits.

It is recyyseAep8 that the precipitates and/or deposits PCIVIPYSIO2263

-vol unetric proportion of 2% or less. - Hereinafter, there are.
some cases where the material used 25 for the vacuum chanber of -the
present invention is referred to as 8
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and/or dep05| ts dé)end on the conposition of alum num all oy,

not Iim ted S%eries of alum num al | oy. Exanples of . preci p|2f6at es
and deposits are as follows.. . _ Exanpl esof precipitates
generated in 1000-series 10 “al um num al | oy (herel hafter, 1000-series
precipitates) include Al- . Fe-series precipitates such as Al[err]Fe,
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Al [err] M Exanpl es of precipitates generated in 5000-series
al um numWPI’é&ls”ﬁcl ude, in addition to those of identical RCGIHEIV@RH6D5 the .
1000-series precipitates, A[err]M[err], A[err]M[err], A[err]Cr,

Al [err]M[err]Cr[err], _ ' ' .9 B _
. Alferr]M[err] Mferr] and the |ike. Exanpl es of deposits thereof include

L] AL R R A e ap s PR
Norerr] i, SPRRES BEE AT SAN R AR S “%% oé?fs |
t hereof i ncl l.!gle ﬁﬁég B]ﬁlgﬁrﬁﬂrb}.&ll\/g and the i ke. |
o, %SILTTﬁk,AlirﬁAlAﬁﬂE§?+/n_'
'%Moﬁﬁluﬁbr\if$ -5 WA BTN TS £HRT
34— 7Xﬂ$§&kﬂﬁ%mb\mwfﬁt -5 ABBERILL
g%munv7ss%mas&a_am;ar.mﬁxwﬁﬁﬁv,f
W75 X BRI BRI RESF + v —BH 28 5h 3 0TH
3, . o
— 5 ABBBMALLEE LT, WIBOBY . BRERELT
HE. DAE LeoB JnABOLTANEEVIHORZS
h5ORAENERTHERILABEFTRLEL. 5~2007
PREBECHERILRMEBRTMIL. —F. #T2HRT
B2 LN TRARES S 3kA—5 XABERILAE LT
CBi o> Tid, BIBOED . 125 RREE, DARRERK 750
BRIEH, TYEVRREE RMRER /I BiSKR BEER
B, 70LBRF FYYLEEOVThANEE B, RIS
5 ORAEMEROTHERILAEThIZLL, 60~500V0
BREECHERIEEBEBRThLEN, )
M. ARBICELTHR—5 ARBERILAELT S BORRRE
H—ETH->Thbk M, IERNBELNNBEL DEREL
T R—5 AWOBHBATBELREARTBLOKETEI &
ﬁ%”énéo%oﬂaﬁfﬁQﬁD\$ 5 AWOREMITH
BATER, BAARTSXATHEBSLTISVERE L,
—F#—5 AWOEHMORBMER, WA RAWEEEHLESES
LS HAD S HT BRULVEORE NHENEE LI S5TH
3, RABIZR, #—5 2WBERICONMBER 5 0 VIITH4F
1 8 '



‘Exanpl es of_precinitates generated.in 7000-series al um}’SHm
i ncl ude, i nw§3g)|i$ n to those of identical kinds to 1000- ser |Iéggxs
precipitates, Al[err]M[err]; Al-Zn, M[err]Zn[err]; MZn[err] and the |ike.

10 Exanpl es of deposits thereof include My[err]Zn[érr], MyZn[err],
A [err]Mferr]znferr], Al[err]CuMy and the Iike. BRI EF
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I nventi on; Fig. 5is a di agramlllustratlng t%&m&g{ll ve

exanpl es ‘WO 9645298t t erns of an el ectrol ytic vol tage applie rface
10 treat ment; Fig. 6 is a diagramillustrating:

. the patterns of an el ectrol ytic voltage applied in the surface

treat nent of the present |nvent|on Fig. 7 is a diagram
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Fig. 8is a illustrating a structure of an anodic PCEYP9IR2263
PR, s

coating forned e surface treatnent nethod of the present

i nvention; Fig. 9 is.a mcrograph showing precipitates and/or °
deposits arranged in a direction perpendicular to the surface of the
base material ; and - Fig. 10 is a mcrograph show ng- .
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technlques for inproving the surface quality of a vacuum chanber

chanber ware6a5298nd have reached the first invention.

25 and

That BGI/IP95/02263

‘when a vacuum chanber and chamber parts made of  al um num or its alloys .
- I.s anodi zed, it is possible to control the internal structure. and -t he
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‘corrosi on y a corrosive gas or plasma by control | i NGty 02263
I nt ernal s@?ﬁ%&%’ or the conposition of conponents of anodic oxide .

coating. In addition, there has been no report about studies
conducted from such a point of view 15 . "Figure 1 is a partially
. Ssectional view conceptually show ng a schematic structure of an anodic
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| ectrolysis i (03 I [ ffﬂ‘.t ' R th
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n the center gogtieng< LT (AFIPVERERE bey LAy ew of
t he anodi ¢ oxi de coating. In the present 1nvention, € anodi ¢ oxi de
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12 . Havi ng no perneability to gas, the barrier Iayer 5 prevents
gas or . WwQWeASEEs f rom coni ng into contact with the base mcmiresnzzesie of
al um numor its all oys. , - It has been found that when an anodic
oxi de coating 5 includes a porous | ayer. and a barrier layer, there is a.
correl ation anong a pore di-anmeter of the porous layer, a cell dianeter
t her eof and a thickness -of the barrier |ayer. "~ - The

present i nvent®rd ki ‘sttﬁﬁﬁﬁiéﬁé‘ﬁﬁﬂ:ﬁﬂiﬂ&Uﬁiﬂmﬁﬂﬁﬁt ructure
and the resistance to gas corrosion and 10 plasma of the anodi ¢ oxide
coating. As oEBHEEETRIptddnd. fl& bn'ﬁéﬁt e aRDFA B IRE 1B

- Tollowng conCu SRR WREMT L, BRF vy s OBRBETL—
NEFShB, ARELEY 75 —AEROFEH AR DI
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“First, thevﬁ%igsoxi de coating exhibits nore excellent POV 9802263
resi stance as € porous |layer has a pore di;aneter and a cell di anet er

smaller at the top thereof. The reason thereof is'as 15 follows. If the
di aneter of pores and cells is large at the top, plasma is likely to
concentrate to the peripheries of pores on the surface of the anodic

oxi de coati ng. BRI T 2, |7i 1 &ij t he
surface of theo;%(%rc oxii%?%(%ﬁ%gwﬁai%g%ﬁgr?%?ﬁ?ﬁ!ﬁges have

.openi ngs wi th snalapieeg & 2 R RERICRE S R bruRkE Ecube surface

of the anodic oxide coating Is I ncreased, so that the |ocalized

concentration i Rsigalenm e 2 e ued X bicddid OBICE R sqal | pore

di aneter makes 1t difficult for gas and plasma conponents to penetrate

i nto the anodigbieeRges thhEoAet g Handfr Hokde goofikqt d Bt iR B f ace of

porous layer in the 25 formof any conpound. -
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Second, the _an_od'i c oxide coating exhibits nore excellent resistance to

gas corroswoaas29$re porous | ayer has a pore dianeter apci/apesobies

- dianeter larger at the bottomthereof. The reason thereof is as
follows. If the dianmeter of pores and cells is large, a 5 substantial

- surface area-of inside the pore becones snall, so that .an area capable
of reacting with corrosive gas beconmes small. = Consequently, the
internal strucdB@MEM. B0k IO R0k ERR A 7 X . EERIER se! Y
affected by the change in volune thereof .due to reaction products. 10

Third, an anoaﬁ}tﬁb%3%ﬁ§é§cﬂd§ﬂﬁ_§ﬁiﬁﬁ%@@%§ 1 liﬁﬁsﬂ‘?t ance to
gas corrosion as the thickness of barrier |layer is |arger. he reason
" .thereof is as foLiREERRO teadf LRI R THR BMHAFET 3 &2 H
o W¢bf\5%01,—Arﬁéﬁxm;b\300%r4ﬁ§¢'
A ZRRERET, BREROARER~TUTOBSTHREL
f:_o . _ . . —
[ RBEFEK]
O: RABESL
A: REREEWE 5%
X:  RREEWE 5%DLE
E3 o Eﬁ?ﬁaﬁﬂ‘ﬂ)m‘f—?-zvﬁ’&#fﬁ?‘a ¥, {E8A 71%
#T?gdﬁﬁoﬁxfazvmwa&%ﬁn;%b&foyr
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O: BIyFU/ER 2umkH
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S

| ayer prev §2£orr05| ve gas fromcomng into contact wt q,élgﬂ,gsmn“ base
mat eri al nade of alum numor its alloys. However, there are sone
corrosive gases which will gradually penetrate i nto the barrier | ayer
when the base material is left in such a gas atnosphere for a | ong
time. Accordingly, it is desirable that the barrier |ayer has a | ar ge

t hi ckness in order to shield a corrosive gas and al so to.achieve

excel | ent gas corrosion resistance eﬁ v%en the base material is 20 left
in a-.corrosive gas atnosphere for a ong From t he above

point of view, it is desirable that a porous | ayer has a structure in
whi ch a poref[dranefer at t e top*thereoT B as small as pdgssible, -
whi l'e a pore|djanet Ng: b (o ' g possi bl e
so that a ba r#{%r I%ﬁ% * 2 %% %#g Eg 5;’;!%& :}a‘; -ge pr esent
I nvention doés not jlimt t 506 di anet e
14 | am) -
x 1 | #1000 a ' 2 O O
2 b 35 @) Nel
52 # 60003% : _
' " 3 c 25 O - O
14 d |BERME| 08 o o
5| #5000% | e 15 O o)
6 f 0. 04 X X
& y b
T g 45 X A
B _ :
8 | #6000 h 70 X O
&l .
9 - - - - X X

* i K-35 2BOWBRERTRCRT

:REM: 1 0~200nm: BHA (D ABREE

+ REM: 1 5~20nm: BHA (FR- L 5RERK
:REM: 12~55~30~120nm: EHH (hAREHE)
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(REM: 20~20nm : BHA (D AREK)

:EHM: 15~15nm: EHM GiED
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the specific value. In the present i nvention, at Ieast the pore
di amet er at WORE/18¥t om of the porous |ayer is larger than thdﬂﬂﬁﬂﬂﬂﬁﬁﬂi

top thereof, thereby enhancing the corrosion resistance. In order "to
achleve.excellent pl asma resistance, it is desirable that the pore 5
-dianmeter at the top is 80nmor less, and nore preferably 50nmor - less,
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val ue. Thergfg%zpz e intermedi ate portion may include a secti,@ﬂnggﬁm@ghere

its pore di onti nuously changes, a section where its pore
di anet er di scontinuously changes, and a section where its pore
di ameter remains constant. These sections may be . m xedly present in
the internediate portion. The pore may have a section wi th a decreased
diameter in a way fromthe bottomtogf lge gop, or 20 the pore may
di sappear_ in a way fromthe bottomto the top. - ‘When a pore
di aneter continuously changes, there are vari ous change patterns. For
exanple, a pore dianeter gradually “increases fromthe top to the
bottom or ngy O o Tatty i ICTEdb*e TTom TNe tpp towanad tne bpse side,
and t hen, degrease Qj nt_* 4 th j odrea t bward the
bot t om agai n] Ko ‘&ﬁ%ﬁ?%-agrﬁa%% iRkt %&#& 79%< PY
_ BoWE ERE: | & R
' (zm)
1 15 @) O
#50003% —
x| 2 b 0.1 O O
s2|3|#w000%| ¢ | 5 o o
Ly 58 —
9|4 | d |mEmMb| 35 o o
5| #6000% | e 15 o) o
6 f _ 0. 03 X X
-4
7 g 40 X A
B ' — — .
- 8 | #1000 h - 60 X O
9 | #5000% | - - - | X X

t & H-5 2 BOWMEERTETRT

: %@ : 15~140nm:ZHN
: =M : 20~150nm : X5
: BEM: 20~50~30~150nm: Eb
+EHM: 10~180nm : HHA _
. BEM: 10~20~10~70nm : ZHM
:BEM: 1 0~4 5 nm : EH |
cEEM: 20~20nm : ZHR
T EEM '5~4_0nm:§ﬂﬂ'l
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In addition, the porous |ayer can have a mul til ayered | structure, where

two or norwolosyysws W th a pore dianeter different - fromg . ; are
accunul ated, so that the pore dianeter of the por ous g%&%%l |y
changes. In this case, it is desirable that 5 the differences in the pore
- dianmeters anmong these |ayers areras . small as possible, and that the .
| ayer . positioned in the mddle portion of the porous |layer has pores

whose di anet er BoAERMELRY S B S brasge s FEMBIT F0B Lt as b tapered

surfaces. The_structure of - porous |layer may be sel ecte dependi ng on
the applicatidhosite~H liLOﬁﬂth%ﬁmrliﬁmmw&Wﬂ
In the above scnﬂgtlon the internal structure, specifically a.pore
di amet er, Ni @ . 06 eI ddat AR IR Heffiod S HnD U 3 el BB b 7gi T ect i on.
condi ?oﬁisfobe%ﬁ%ﬁggét\&%% héwgé%%&ﬁ%& z?“é'o';iihi‘”i'gg e
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15 of anodi ' coating does not always have pores of unif
di anet er. ‘?R%%scases,gt he pore di ame%/er S ngnuni form P%%%&f%g on
the shape of surface and the area where pores are formed. Therefore,
the surface areas which requife especially hi gh pl asma resi stance can
‘be selectively treated in such a manner .20 as to have a dianeter as snal
-as possible. As a result, there may " be sone portions which do not
satisfy the requirenents of the - ghresgnt i-nvention, but it is enough
that the total structure of the anodi c oxide coating satisfies the
requi renents of the present “invention. 25 I n sone cases,
pores are sealed after the conpletion of '

16
-3 2 BOHE .
: NE | BERLE| R | 75X
No. |EMEE| BN K7€ (nm)  * FE | RIEE s | K& | <R@s
| HE R,/ LR (em) |BER | &
1 2 20(P) /100 (P) 4 o] o
#1000 — '
2 3 50 (P) /30(S) /70 (P) .5 |O| O
%3 2 10(S-0) /120 (P) E 5. O} O
14 1 2 15 (S) /{gigt & (P) /130 (P) 30 O| O
# 60005 ' —— &
B|5 3 15(S) /40 (P) /150 (P) 5 30 - ol o
6 5 30 (P) /50 (B) /80 (P) /200 (P) © 45 o} o
|7 6 20(S)/120(P) /20(S) /120 10 o] o
(P) /20(S) /180 (P)
#5000% ' —
8 2 80(P) /250 (P) .2 |O| ©
i L2 1| 10 | 30 Ala
L #6000% | - - o= - x | X
ny 2 | 10(5/50() W& | 0.03 | x X
& #1000% : - '
12 2 | 80(P)/15(S) | mie| 710 x | A

i ()0 ARBERLNE
) BB ERLOE
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. oxi de coating S&Bi

anodi zing. . This treatment is referred to as a pore seallng _treatnent.
In the prewem;/lsmsent ion, the pore sealing treatnent c RETIRYSM22Ghuct ed
as far as it does not adversely affect the quality of "~ the anodi ¢ oxide

- coating intended in the present invention. The 5 pore sealing treatnent.is

useful to achieve the coating perfornance - . as has been conventionally
reported. Accordlggig as_far as tire structure of the anodic

DRI B 5o gl e R U RS L Sl B | o it
15 PoserPe Ty ?f?heﬁﬁéésiesaatt E%aﬁ R RS Y S a koo o
Pk st o shi v o Bt M#%#ﬁsﬁ%“%@mw&&%%%% or

anodi ¢ oxi do. a5t PR Bolﬁs%‘ggﬁﬁt@ﬁﬁiéfmﬁﬁ ,ae@ ke

—HRREATH B,
| Eifpl4 N |
Lo SMEMEBRRE LEARITRTEMA | SREAL
T BARITHET 5Me OMBEHT SWERILEBERR LT
MM & Ui M, #5302 L ERE S N T 3 BERL
BB H T B BENICZIEL T B, BL. No. 28EUNo
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gener at ed Wqﬁ@?’s‘? 50

or peeling.

50 [err] m

| n ot her words,

cracks, resulting in insufficient coating
re, the desirable upper Iimt of the thic

with a thickness of nore than 50 [err] m

beconmes difficult for the anodic oxide coating to reduce interna

force by itself.
resulting in generating defegtive p

present invention, there is no-limtat ofh %%

The sol ution may contain,

peel

for electrolysis.

organi c
17

acid such as sulfuric acid, phosphoric acid, 25 chromc acid, or an
acid such as fornic acid and oxalic acid
' -5 RBOHE '
' RE | BEMLE|#2| F5x
No. |EHES| BX #7%& (nm) | 7& | KBRS | B& | <@Es
R/ E4 6 (em) |88 | B
1 2 10780 15 Ot O
2 2 15/ 1&i0./110 35
#5000 O ©
|3 3 207307150 L 08 ] O | O
5| 4 4 15/120 /30,7150 51 % |o| o
. ' =R
BHis5 3 15/40,/150 B 20
#10003% : & - © °©
6 2 40/’80 Eﬁ 4 O O
7 2 107150 I |Oo| O -
8 2 20/ (AF1NE. /125 3 | O O
| 9| #e000% | 3 15,/80,/150 s |o| o
10 1 15 - 10 X
=4 : ©
© 11 2 10,7220 0.03| A X
o 12| #1000% | 1 20,750 | 60 x | A
13 3 10.750,/100 60 A A
#5000 - -
14 : - - - - X X

of f,

This may cause the anodi c oxide coating to crack
roduct s.

a kind of-
for

exanpl e,

Eﬁ@g 2263

it
20

_ In the
sol ution used
an inorganic




It is recoomended, however, to use solution containing 1 gramor - nor e
~of oxalic wo%/sess 1 |iter of the solution, because the use RTARIYP263 5
sol ution enables the electrolytic voltage in anodizing to be - :
arbitrarily controlled in a broad range. Figure 3 is a graph 5 _
~illustrating a relationship between the electrolytic voltage and the
current density when an anodi c_oxi de coati (rg I s. forned under vari ous

el ectrol ytic corii4 RAFERM G Phode kbl AR iS4 4 % BJaITi3 ons
I S B M RN BRI % o
when the el ctkol STPERVGH t Jg8 T Biang SR B RA D AP R B REaci 0
current densi t b ok sHRBIRREs MAAREGEraE Y 2 zaddiE ¢ Cotae 0.
SeTd Sl it on PSRRI Thde oxide  coaring s formed at too high
- rate to cont roﬁﬁi{:oati ng thi ckness. | | _ : '
| ESRERTAEA ASEAALT. BERIHETSHAD
WELHT AMERILEMEDRL TR E L, M, #-53
BOMBOBTLEATETRT LRI, BERILMBICHVBE P
W - FRBERCRBOE S £55 RITRT. |

LERBRAEEOTEEN | EAROFEIC LD ARERBRS
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‘On the ot hevo d¢isdes When a phosphoric acid solution is used, perpesp2RRCdi C

oxi de coating is formed at too lowrate, resulting in poor pr.oducti on
efficiency. Contrary to this, when an oxalic acid -20 solution is used,
“"the change in current density with respect to the el ectrolytic voltage
Is in the mddle val ue between that using a sul furic acid solution and
t hat using a phosphoric acid:-solutiongls addi ti on, when using an
oxalic acid solution, the structure of anodic - oxide coating can be
easily controlled with | ess deterioration of 25 production effici ency
than the case of using a phosphoric acid solutlon
| : #— 5 2 WOHE _ |
No. |%HTESE nES: | BERL | ¥2ER | 75 <=
- ¥ R7E% REE: | KB REHRR
_ (¢ m) '
1 -2
% (—] #5000% = 1 O o
5 2 : 3 b 0.08 O O.
B 3 2 c 35 @) )
4 | #6000% 4 d BER{L 2 O O
5_ 5 e ' 45 O @)
H|e 2 f . 60 A O
B|7] 1 g 0.02 p%s x
# 50003 -
g[8 ¥°00%F - - x >
¥ 830)1-7&

a : REM : 10~25nm (Wif®) /50~120nm (DA :EHE
b:XEM: 20~25nm (FE¥-Le 58 '
/30~50nm (BE#E-Lw 58)
/30~120nm (DAE) : EH6
c :EEM: 15~50nm (DAB) /60~250nm (DAE) : EHM
d:REM: 20~265nm (HE¥-Lv58) |
/30~120nm (D/u&)/100~120nm (’JA«&)
/100~250nm (DAE) : ZEHE
e :XRMEM: 10~15nm (KB /30~40nm (HE¥-Le58)
' /100~120nm (DAB) /80~100nm (hAE)
_ /80~250nm (VAR : ZHM
f:REM: 10nm GEE) /20nm (REE-Le 58 : 25
g :FEM: 20nm (WRE) : ZHH
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~ corrosion and plmﬂm%om konbalidns

As described above, an anodic oxide coating obtains high - resi st ance
to gas corwoI6Bs95nd pl asma by controlling the structure  PCHIREYEIF3 The

present inventors have conducted further studies,. ~and-have found that
~further inprovenent in corrosion resistance : can be achi eved by
adj usting a conposition of conponents of anodi-c oxi de coating. Mre

- specifically, an anodic oxide coatlng;galn aS'zfurther resi'stance to gas
W2 RiE B2 i LMBSAETISI ect ed

 Huori ne, Sand Bos O Bttt 2 7 B Ak R gk 20 BB et < i
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CI d sol uw gh as oxalic acid solution is used in anodipgtpesen26s 20
oY

nore e ot her than carbon, selected fromthe group consi sting
,of sul fur, nitrogen, phosphorus and boron, is added = thereto, so that
t he anodi c oxi de coating contains two or nore - elements.
Bel ow descri bed are exanpl es of compounds to be ‘added to the anodi zi ng
solution. 25 (1) In the case where sulfur I s added to an -anodi zi ng
sol ution: : ' _ 6 = 19
An el enent such as Herr]SOerr], Al[err](Sqerr])[err] and the like is
added to an anodi zi ng solution, so that the produced anodi c oxide
coati ng contains a sul fur-containing conpound such as Herr]SOerr],
H err] SO er+is —_— .
_ -5 2 @ORE )
No. | &EHBHE RESE: | BERL | AB& | 75 X<
B | #7Ex | BRES | KR REER
: (zm)
11 - 2 a 30 O O
; 7| #5000% ——T 02 | O o
- 005 5 '
B 3 | #10005% 3 c Le 5% O O
4 2 d |BMERL| 35 O O
5 | #6000% 5 e - 0.8 O O
ries 2 f 60 A O
B | 7| #10003% 1 g 0.03 X X
fl|8 : 1 h. 2 X A
9 #5000% — — — — < ”
¥ & gEa)-i"rE:
a:FEAM:10~20nm/30~200nm: §mu
b:FEM:20~25nm/80~160nm: EHH
c:HmEM: 15~150m/50~100nm/80~160nm: gﬁm
d:®EM:20~256nm/100~250nm: ZEHH
e

:®EM: 10~15nm/30~50nm/80~120nm
- /80~120nm/80~250nm : ZEHH
:%E@: 10nm/20nm: EHH

: BEM : 2 0 nm : EHM

h : BEH : 1 0nm : EHM

mn =



Al[efr]_(Sqerkr:‘g]FZ;err], At (HSO err])[err]-and the like (or a conpound
cont ai ni ng WPMHRFPerr]H err] 5 groups such as -Sqerr], . - 3GTEPPF/02263

-HSd err] and the |Iike, where x, y, and z are integers satisfying the
conditions. of x[err] 1, and y and z[err] O0). (2) In the case where
nitrogen is added to an anodi zi ng sol ution: ' An el ement such

e AL Ll By o A R R R el £RY Y
A (NPer Ty Ter B SR MRg 4 B LAl L EL B 6 B ARER | o)
teners ESHRRIS IO THFEL R cHReRY O A0 1T )
ggl ution: (9 %%fg‘?s_e.ﬁ/&ﬁbgl ?mﬁ?ngag?ﬁnﬂﬁgé%ggjrk'r\]af%‘é%aﬁPq err],
b oduced anodi F GHFRYSEBBITE 0 SRAXBERSXUBIS XA IDIE omound
i such as Herr] %ﬂ%b"xﬁﬁff)%o' - _ - :
' AT | o f o
 ETRICRTAEAl ASEEAVLT, BTRIEETIEAD
| mETET ABERIERE AR U THRRE & Ui, M. BERI
RROMEL LTH—5 ABOMK. &F—5 AMOREHS & U
EHROATE. BERLARCH VA RRRES L FEBERIL
RBOES£ET RIRT, : |
ERBBRE 0TS YRA R KT SHARENET 5 L £E
MELT. 10%C1l, —ArBAFRIZEY., 350°CT4RME
OHABMARBET . RREOABEFNTUT ORI
Ute | | |
(7 AR&HR] |
©: Eﬁ%iﬁb. _
O: WMARLEHE 5%KH
A RRFEEEHE  5%LLE 10%KNME
X BaskEmME 10%MULE |

$io. ERREORY S X RERET B, BSATR
SETT1 2 0 AMOBRT S X<BHRREF, TOBT v F
V/BREBELC, UTORICHELE, |
[75 X< RHRR] | |
©: BIyFUI/R 1. 5umkh
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20 Herr] , AlPJ err] and the |ike (or a conpound cqﬂ&ﬁ
Plerr]derr] 'e?ﬁs groups such as -PJerr], -HPJ e 4135f5he
~Herr]PJerr], -HPHJ err] and the |ike, where x, y, and z are _
integers satisfying the conditions of x[err] 1, and y and z [err] 0).
25 (4) In the case mhere fluorine is added to an anodi zi ng sol uti on:

20 n as fl r s added to an
o th% %e prg?ﬁe QJQE'@EF_E 2B CR T

anod|2|ng solutlon anodi ¢ oXide coat i ng cont ai ns
fl uori ne-cont ai ni n%c:orrpo%g—_ g F U IrE 2umPlE 5umki

X : &iv??fﬁ | 5 umpPlE |
FRARBARBRE LU TS A-RHBROBRIEIE 7RISR
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39



5 (5) In the case where boron is added to an anod|2| ng sol ution: '
An el ement SHORGARISNH err])[err]Blerr]O[err] Herr]BJerr] amm,dm@e is
added to an anodi zi ng sol ution, .so that the produced anodi-c oxide. - '
coating contains boron-containing conpound such as.B[err]O[err],

(NH4) 2B407 and the like (or a conmpound containing Blerr]Jerr] H[err] gr oups

10-such as -B(err], -Blerr]O[err] and the [ike, where x, vy, and z are
i nt egers $§90 g1 Y1 ngrrnerconaftijons foif X TerrTTI,” fng-y[a err] 0).
The conpound i ¢ jadged to|thefanod zigg qol utiop_in{the anDu t pf 0.1
gram or nore pe*m\ liter{d® {He sPPYF on n P& ng® 150 |dh¥drt ¢ljnto the
anount of each éhéﬁent .e. | sulfud, niltrpgen}. phodphpr ys, {fl-uori ne
and boron. Wtl arout o esE yiam o glanTp et is
difficult to ac e renprkabl fB%f&%. Cfs-a M dz%
descri bed, V\/nergéoxallp so} ut]i n@@sejo 2D©fa; erﬁalr?c |2|P
sol ution, the produced 2 1ndl‘ oxifelcoatirg
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‘cont ai ns ntai ni ng conpound derived fromt he oxal i C pp§isPesio2263
Therefore%aﬁ?&?%zggnough that one or nore present el enents other t han

- carbon (i.e., sulfur, nitrogen, phosphorus, fluorine and boron) S
added to the anod|2|ng sol ution. Wien a sulfuric acid solution is 25 used
as an anodi zi ng solution, the produced_anodic oxi de coating :

glljlfuri c acid. %OP%%#%?’S” ; %%ﬁoﬂ%%?&j@%%%ﬁﬁﬁl teE? _
'E:ﬁng;Z gageﬁoron) LhQQisuhgygfgﬁio t ‘%%%IZIHQ SO] utloﬁgzgg nd|ng on
the element 5 or_Lgquaél y1conLqi qu | ﬂ;%’@@@%@@@@%bo%ﬁ%conpound
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contai ning one or nore other present elenents is added to the

anodi zi ngwadénseesn. As a result, the produced anodic oxide mﬂgms can
contain two or nore present el enent s. 10 Besides the nethod in
which the above-described. conpound i s added to the anodi zi ng - '
solution, it is possible to enploy - other nethods for allow ng two or
nore present elenments to be ~contained in the anodi.c oxi de coating. For
exanple, it is possible to use the base material made of al um num
alloy containing the 15 present elenments as .an alloying elenent. It is

al so possi-h-e—t-o= —allow th elenents to be contained only in
the surfacg IéyéE _ of t1e.bas ﬁaie idl pyla surface reforning nethod
such as ionf - ® g%pL@mQal@)@, QD@ i> | Hen| BYbj ect ed to anodi zing. In any
of t hdse et #Bd _|tHhe prdduked anoi 4 oki de coating contains two or
20 nore prieseptgel epeft s, | hqrepyfgal n{nd tpelenhanced resistance to
gas corrosmn-:;alg pl@m@@@0@© X |l x| x ' B '
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In order to enhance the resistance to gas corrosion and pl asma, the |

preferableggr;g“g% (in the unit of weight % of the 25 pre%ﬁgmts to
n i ' x

.be cont ai e anodi c oxide coating is as =
22 follows. In the case of carbon, the pref erabl e anount is
0.01% or more, and nore preferably 0.5%or nore. In the case of

or " more. PSRRI AR I D ARAME LT 01 of 2%_
t5hg0|ror6ef 2Pgbl e arrgtr}ﬁ{ﬁ?g&l y%fd@%% pref{:ra 1y lgi/ﬁgﬁﬁﬁ%p#% = In
t he case of f,l.uouﬁqq(;hegp.:,qf qrhl %ma@??ﬁ#@j%ﬁ%mb
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preferably 0.5%or nore. In the case of boron, the preferable anant

is 0.015% wawdnsmse preferably 0.3%or nore. 10 . PCTYIPO$/92263
present invention, an alum numalloy used for a- “base material is not .
limted to a specific kind. However, it .is desirabl e that the vacuum
chanber i's nade of 1000-series alloy, 5000-series alloy, and
6000-series alloy due to their excellent 15 mechanical .strength, thernal
conductivity, electric conductivity, - - and corrosion resistance. A
1000-seri es al Tgn pufiity| aljum ndm series alloy. A .
5000-seri es- al oy‘h|§ ;@*@I@(@:or || x| x| least 0.5 or less weight%
of silicon and} O O |we h% qf magngsi um as al-loy contents. A
6000- seri es al fey—is Ub“"cd_t\ 24——cprtatrat—{l east 0.2 to 1.2 wei ght % of
silicon and 0. ti m@%&) 6(’gr@i%ne;ixumas al l oy contents. The
ggggonen;s oflth Kb anzf ﬁ%y 1 74000 serles al l oy and _
-series allqy si dés
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5000- seri es aI | %ﬁ?nd 6000-series alloy. It is known that thpcpgeosnies
al um num al%¥ ai ni ng magnesi um silicon, copper, iron and 25 the |like
as all oy contents enhances the resistance to cracks of the

23 anodi ¢ oxi de coating generated by hi gh frequency and high
tenperature (heat cycle), and reduces internal force inside the - anodic
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Next, the second invention will be described. 10 W%B?ﬁ econd
made of %W

i nventi 8&1 - %gggfurface of the base material lloy is .
anodi zed'Q? he condition where a - final —anodi zing voltage is higher-
than an initial anodizing voltage. In-this order, an anodic. oxide
coating is forned with an internal structure which provides- excel | ent

o supoross tho react ofeai 1 Rk B I RETR 0 06 M 1 required Lo

i ameter in the Z‘fﬁa“‘kéﬂ 3#%3%#8%%%9%%3 g Cthe anodi ging

e ooy on B e T e e T e atient "0 the

conpl et od, " the- por e MERMILORLT 3 X9k 20+ & AU E 2 Faftlhed ' °

change even by they 5 smom®” 5 X <Rt 5 S HMT 6 B D ETY > X< R

HEBEFSL. WY ARAE L CEBTRE L,
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“applicati di zing voltage. As a result, it is prefer pbrgpisradtes 25
o ks

the initi Ikng voltage is set. at low level, and specifically, at
.24 50V or less, and nore preferably at 30V or less. On the
ot her hand in order to-reduce the internal force inside the anodi
oxi de qoai' : nd to prevent|the |anSdhBIBXiEgHgatiing ffom cf acki ng
and -peel i  of f, EpER{OUERMENE CBUEdt r uca ur)e of (%R pqEEEE| BARey A3 X
requirgd fdohdEEE N7 LIRS (liamgter—mdtrarge—cett AFh B8 | <A her
. nore exdel | ent lgas corrosion|resi|st &8%¥ cqn e hileved| R het8nodli c
oxi de ¢oafl ‘has a I ey Jayer i Targe fRICkn F: (B 3 '
interf?fce bg \@mg%h ?‘{5 r uéol?lﬁme V\@ihc tﬁep‘g‘gsé n§t;(;f‘issal .qzﬁd K Pq O { hese
poi nt s |i Ny o, ¢onsi Y§ aid(gp,/quﬂi)na @8qdi g pg. vql tgg/e_J Slmem| O O
3 10() /8@ |10]| 415 | 325 {¥75| o | o
#50005% | '
4 - 10(s) / 8o (p) 10|10/~ 10/- |®|HEH| O (o]
5 15,740,780 (0) 2| 1,08 2112wl 0] O
#1000% . - _ :
x|6 15,/40,780(0) 2 2./0.5 108 |EE| O (o
s 7 15,/40,/80(0) 15 3/- 2/—- %71 O o
8 | #e000% | 15408000 | 15| 8/- |10- |mml O] O
BHi{9 15,740,780 (0) 118 8/15112/1.8 (#E| O | O
10 10~110(0) 5| 3,08 1,08 w5l 0| O
12 #1000%
11 10~110(0) 28 | 11/2.5 8/1.8 |£€HE| O O
12 10~90(5:0) | 2| 2/- 1/- |#F| 0| ©
#60005% '
13 16~90(s-0) 2 2/1.8 | 3/08 |EHE]| O 0]
14 20~ 150(0) 30 2/- 4/- |¥7| O o
15 | #7000% | 20~ 150(0) 3 l10/1.8 |10/1.8 |&E| O | O
16y 20~ 150(0) 3 {10/1.8 |10/2.0 |fT| O o
17 15(8) : 7 3/0.8 3/0.8 | T A AN
#1000% ' ' _
18 | 18(8) 7 8/~ | 5/- |BEH| X | A
T 30 (S-0) wl| 3/- | 2/- |J=s|l Ao ]| ©
=4 #30005%
120 - | 30(s-0) 10| 3/- 2/- |BE| A | &
B |21 80 (P) | 8| 4r1v2 | 3,08 |FF| O P\
o L2 450005 | 30(P) 5 10/2.5 |[10/1.8 |=E| A | x
23 30 (P) 81 8/- |12/~ |=|E| X x
2] |10 8| 2,08 3/12 (BF| A | O
25 | 1009 8| 416 | 6,21 |¥F| A | O
#6000% ' - -
26 15(S) 15 |12/— 8/— EE| X AN
27 20(5) 1512/ |11/~ |2E| x | x




10 reqU|red to be higher than an initial anod|2|ng voltage. 1t is 3
pr ef er abl eswoleenis29%ie fi nal anodi zing voltage is set at 30V o?%’ouﬁ ~and

" nore preferably 50V or nore, and the nost preferably 70V or - nore.
Wien the final anodizing voltage is higher than the initial 15 anodizing
.vol tage, the anodizing voltage may be continuously : changed in the

- entire anodi zi ng process, or may be cha epw se. ecifically,
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25  vol UBjybiggnsange of the anodic oxi de coati ng resul ted fg,

25 contact with gas or plasma during the use of e vggtum
chanber . As a result, it is possible to prevent the -anodic oxide
coating from cracking or peeling off, which may ot herw se cause
corrosion and danage t her eby enhancing t he resistance to gas and

_pl asnma. 5 .FI G,%g#%@*ﬁra % tratl ng voltage patterns
when an electrolytlc s’ cont’l st changed. As seen in FIG
4, a vol tage hevel ”ﬂ%a%%g@ﬁﬁg&@ gg#?ased starting fromthe
|n|t|at|on of electrolysis, of a voltage |I’e may be increased to a
certain |l evel and then decreased, and again increased. FIG 4 10
illustrates the patterns when an electrolytic voltage is linearly
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changed; however, an electrolytic volfage may be éurvedly changed.

FIG 6 isWO/3%amillustrating patterns when an el eBET 263
voltage is changed stepwi se. As seen in FIG 6, an ‘electrolytic
vol tage may be intermttently increased, or -may be 15 increased -
continuously, or may be decreased once and then again ~ increased. Wen
the electrolytic voltage is changed stepwi se, it is recomrended t hat
the increase and decrease in the voltage val ues are continuous or
small. In this nanner, an anodic oxftd do®ing = has a structure with
continuity in the depth direction, thereby 20 avoiding the formation of
portions to which the internal force easily concentrates.
Next, the third invegtion will be described. The present _ i nventors
have fognd that, in or to nodi coat i ng excellet in
t he resijstanceg togﬁt h%‘s C )rr@g%# nd p@m&el 'fé ﬁ% éﬁ.,;é?
' No. | ZE#H Ny = MEBE BRE | REER
' : ERB LR (V) _ ' '
1 | 10005% A |wm 1w00eg1|  5~30 O o)
- 2 | 20005 B |hAB 40g/1 50~100 - o) 0
3 C |{Lw>®m60g1 | 20~60~80 o o
5 50003 ' : '
4 D |bARR 30¢1l 40~20~120 O. @)
By : _ — _ _
5 ' A Le58 10 g/1 . 20~60 O (@)
] 60003 . -
6 E Lw 3% 30 /1 | 5~50~20~60~80| O O
7 | 3000% 'F |Le5®30g1 | 40~60~20~100 | O | O
8 | 6000% B |®Wm 150g1 |  10~20 A o
9 : G |Le5E30¢g1 | 80~50 X FANS
_ 50005% ) ,
K110 G WEER 100 g/1 20~10 X A
% | 11 | 60005 H |bil 30 g1 60 A x
& | 12 | 10005% H B 150 g/1 20 A
‘13 | 70005% - - - X X




ition to give a changing structure to theppphidRasesPe
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anodi ¢ w%?(ﬁ’le coating, the porous type anodi zi ng and the non-porous
“lype anodi zing are perforned to forma barrier layer with a thickness

as | arge as possible. 5 As shown in FIG 8, the base

material 1 of the vacuum chanber and chanber parts nmade of al um num or

borous - Tayel® I ARIEERAR S RARIE . SRAIOR SRR IWAEAS e
feoul £ The vaouc chanter o BRI I AUB% BUEEY 7 HF HEHRL R, 10 S 2
resistance to boyyINUGS €0 DB I\ FRIEHH R £HOVLTHAOLME LK
HBHITH D WA REE R TS X -ODIE & b—B bR
KA TH 3B, S
B12RICRTEEA | AAREALT, HORBITH TR
RESEBEBE S — Vi k D BERILRBETR L TRBRN &
Lo S |
M. B6HD/ Y — Y A~FIRNTH bERWICKE 3 RELES
HOFE LOBRRENEARTH 0. DU & bINREL i
MEEHNE . BREERBENICEELTNS, RoTHI—
A~FRRIVBERIELBShBERIEEBRARBA TS 3,
RN LTHTRO S~ CRATERE > TRFEEN—
THY. ErH— VHEONRE L RMBENE LTS 50T,
Tho0/5 -G, HORMBRILAES hiBERLEE IR
 picEsTs s, | .
BERLAEESROERE . DHBES LURNEE (BER(L
RERHOERRMC—ECRAh - BREE bHETS) 8
1 2 &ICRT o | |
LESBRAEEOTERN 1 1 ERAROFET L DA AR ARS
BEUT 5 X RHRBRETORA RS LORHT 5 Kol EH~
o HERE1 2RIDRT. | |



As descri bed above, the porous type anodi zi ng nmay be - conducted using a

sol uti on cW®9/18295g any one of sul furic acid, phosphor iRCTABP80226Xal | c
acid and chromc acid, or a.mxture thereof 15 wunder the electrolytic
vol tage in the range between 5V and 200V. . . On the other hand, the ,
non- porous type anodizing for forming a "~ barrier layer with no pores -
may be conducted using a boric acid- base sol uti on, a phosphoric
aci d- base sol ution, a phthalic aCid-q%s? 2 sol ution, an adi pic acid-base -
sol ution, a carbonic acid-base soluti fﬁ a citric acid-base solution,
a tartaric acid-base solution, and a sodi um chr omat e- base sol ution, or
a m xture thereof under the - electrolytic voltage in the range between
60V and 580\ bl ln—thepresent—invention rhp porous-fvpe
anodi zi.ng| may ble tapguct gd ynEegskRe el tic vol E _
const ant q\{]uehk whm )\;%%ﬂy it 1s r%@%mm?ﬁ% nﬁ @;éﬁ
voltage ijs higher == = S L UBE )
1|w00% | A |®mm 150e1 | 1030 O o
i | 2| 2000% B |baAB 301 | 50/120 O o
3 C |Lw5®M60g/!1 | 30/60/80 | O o
& 5000 .
4 A Bimk 50 g/1 / 207100 O O
7 h AR 50 g/1 |
Bl|s D |Luw5810g1 | 20/50,/100 o o
60003% _ - _ — - -
6 E Lwe 58 60 g/1 |-20./60,/40,/80 O O -
7 | 30005 F |Le3830e1 | 4020,/100 o | o
8 | 6000% B |[Le5E30g1 | 607100 "o | a
9 - A |wE 10e1 ]| 20710 X A
_ '5000% :
i10 B Lw 58 60 g/1 100760 X A
B |11|6000% | G |hAB 30/ - 50 x
#l | 12 | 1000% H |®E 150 g/1 20 - X A
13 7000% - _ - | - X X




" than an iv%)tis $”gn0di zing voltage so that the pore di anet epcalypdsnz263 top
of porous gylz econes |l arger than at the bottomthereof. The - reason

thereof is as follows. In order.to achi eve excellent plasm :

“resistance, it is preferable that the porous |ayer has pores wth 5 smal |

" dianeter at the top thereof, while in order to achieve excel l ent gas -

COrrosion resi SHENCO, sich#k fi ; t BTG : rz has pores
and cells with I%rgg%%ﬁ%egitﬁ'?ﬁ?fgﬁﬁsz erﬁé%fﬁl’ﬁ%#mggé '

specifically, Nhe.ini& glizangpiel-f & R HRELXI R L Lo B4 Lk, o0V

or less, and nore preferably 30V or less. On the other hand, 10 the final

e 1 o ety I s glro o £ e
- preferably S0\ 8 hanfi PN Hosivc i i o Skye BRI rignpred, — 7 it
REATH B, |
£ S |
E13RIFRTEEAIALTWEAVT, B4RSIUH5RC
FTERRRRE 5 — itk D BERILEEEHR L TREN &
Uk | o | |
EREEREOADS URH RIS T SHAR AT 5 &4 B
B9ELT, 5%C1—ArBANRIZLD, 350CTLRED
HABREBRET. RREOARERXTUTOERETREL
ke ) E o
[# 2R & BER] |
©: mamEslL
 RAREEMR  5%kE
RAREEWE  5%LIE 10%%H
WAREENE 1 0%LlE |

x > O

iz, HIERRAOR Y5 X< EMET 5720, /517 &
BETT100AMOERTS XTRHRRET ., ZOBIyF >
FERERELT, A1 1 EFERUTRELE, -
ERAARARRE LUT 5 XTRHBEROBRIS | 3R

—

R
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When the final anodizing voltage.is higher than the initial
vol t age | nyRysepissest Ype anodi zi ng, the voltage may be 15

changed in the entire anodi zi ng process,
More specifically, the voltage nay be
changed for an arbitrary period in
may be changed for an arbitrary

20

the other arbitrary period."
formati on of the porous-type
vol tage is changed for an

that the produced .

structur
vol unetri
gas or pl

or

may be

. ~anodi zi ng
c RETIRISH02263

in the
t he anodi zi ng -

_ .changed stepw se.
continuously or discontinuously

the entire anodi zi ng. process, or
period while being kept constant for
8 1 3 #& described above,
anodi-c oxi de coating,

arbitrary period.in the anodizing process so.
anodi ¢ oxi de coating has a changing i nternal

th

P, Inis .S[rUC[U e reduces the 1nternal ToOrc or. t e i
c cha]Lige of t[HB# 25 | aBEREMMRI de |JBRABHY due to [tHRBINVaz & Wi
aliore {EEHRRIE | /<5 — >  ~ RYIRE DR | MR
| AESLURE| (V) A
1 | 1000% A Lw 58 60 g/1 5~30 0 O
w® 80 g/l | e
2 | 2000% B L 58 15 g/1 50~120 © o
x HHAR 4 g/l o o
|3 C |Le5® 3g/1 20~60~80 © o
22| |s000% DAB 40 g/ |
] 4 D Le 5% 30 g/1 40~20~100 | © O
T | 12 5 RTVE9A3g/] ;
s A |Le3®I5 g1 §~T5 ) o
] 60007% THER 3 g/ _ L
6| E |Lw>® 3021 | 5~50~20~60~80| O e
7 | 3000% F |LeS5®30g1 | 40~60~20~100 | O o
5\‘2& Q. Zg/l )
8 | 60005 B |Luw38 45 g1 10~20 A ')
R 50 &/l - |
9 G |Lwo8 301 80~20 x N
5000% — —
H {10 G |Le3m 30 g1 20~10 x X
1 , oM 3¢/l -
B [11|6000% | H |DAB 30 g/l 60 A x
@ | 12 | 1000% H |®8 150 g/ 15 x A
hAB Sg/l | ' : '
113 | 70003 - | - | - x x




“the use of. ég@g chanber. As a result, it is possible to ppergedsio2263 the
anodi ¢ oxﬁ& ing fromcracking or peeling off, which may ot herw se
.cause corrosion and damage, thereby enhancing the resi stance to gas
-and plasma. 5 ' An anodi zi ng vol tage nmay be continuously changed.
In this case, for exanple, the voltage nmay be gradually increased

ﬁwtmgfmm“ﬁl@ﬁ@ﬁ%wumuwnﬁwsx%mmwaﬁwwm@w%HJa

certain |l evel and then decreased, and reincreased. FIG s a di agram

showi ng vol t agRy §at terng me&wznwammuwmw ﬁagw@%iﬂbmanged

stepwi se. As shown in FIG 6, there are several nethods for changi ng

“the el ectrol ytich\NId.a08 ~ RaBtig( nz F BT SLREPDG L In Z3l ig Ltdne t he
el ectrolytic voltage is intermttently increased. Patterns B and C
show the case Migsl € ehi ndoASH & 7tk Paec DD IE < & b—Fh
| REATHB. | B |
Eifp14 |
%1 4BICRTEEA | ARREAVT, BORB LB TR
ﬁfgﬁaﬁsmka—yu;oﬁﬁ&ﬂ&ﬁ%mmuraﬁﬁa
bf:o
| iiﬂﬁﬁ%ﬁhfimﬂlsaﬁﬁmﬁ&k DA AR AR
BLUTS X7 BRHRBRETVRT AEB LU T I XA~
foo EIE ] ARISRT. |



| evel

conti nuous or snuall.

I S continuous.
el ectrol ytg&,\/@
_reincrease

however:,

In this manner,

and t hen

Bh 4R
- type anodi ¢ ‘oxi de coating is not
25 a pore dianeter at the bottomis |arger than

decr eased,

pr esent

Patterns E and F show the case mhere t he

¥Q5d980€ i s increased

en an electrolytic voltage is changed:stepw se,

‘recommended that the increase and decrease in the voltage are

t he .anodi ¢ oxi de coating is

. provided with a structure ‘having contan|ty I n the depth direction,
t hereby avoiding the formation of portions to which the internal

is easily concentrat ed. - :

“di aneter of the porous--

- specific val ue;

i nventi on,

15 o
and PCT/JP95/02263
it

20

force

a pore

Ilnited to a

that .at the top. Wth . _ 29
| BR SMBERARER OMBE: HRAE| 75 X<
No. RHEE | 2y - ' /RNRE | 2R | RERER
- EEP L URE | V)
1 | 1000% A |Le5®15g/1 10,/85 o) o
R |#m 11 | - .
2 | 2000% B |Le58 301 25,120 © o
* | baB 30 g -
3 c |Le>®m50g1 | 30/60/80 o) )
£ |— 50005 . —
4 Le 58 10 g/1 107120 © '®)
Bq TSRS ML 50 g/1 -
: Le58 g/l
AR 50 g/1
loi|s| D |Le>B10g/1 | 2060/90 | © o
60005 il 5g/1
6 E Lw 5% 60 g/1 | 10,/30740,780 e}
o |mEB 1081
7 | 3000% F e 58 30 g/1 45,/30,/100 O o
- 12 3 BTYE=945¢/1 .
8 | 6000% B Le 5% 30 g/1 60,7100 o) A
3o 0.5z/1 N |
9 A WEe 100 g/1 20,710 X A
5000% . . . . '
Kil0 B Le 58 60 g/1 80,740 X X
»oB  2¢g/1 . S
B | 11 | 60005 G DA 30 g/l 50 A | x
| v 2 g/1 |
& | 12 | 10008 H |#%Ee 120 g1 20 X A
13 | 70005% - - - x X




this strugygbgisbde corrosion resistance is enhanced. |In or geqybddinres

achi eve excellent plasma resistance, it is preferable that a pore

dianmeter at the top is 80nmor |ess, and nore preferably 50nm or | ess,
and the nost preferably 30nmor less. 5 - In the present
i'nvention, the thickness of the porous |ayer Is not limted to a

speci fic val ue; Hinkvigs Dkl SbddBE Cobeitli e A FE R IOR G faite fpEPS on
resistance, it is preferable that the thickness of the porous |layer is
0.05 [err]mor Mooe, hrd8nidre Rdefaiatx PP LMY 5 X < & prfe, The
desirabl e maxi numthickness is 50 [err] m because if 10 the thickness is

too large, the pafilN© ! a§er InByidhadeRIHITHAERE 0T hitheEdLageal force.

This may cause probl ens such as insufficient . coating performnce or
peel i ng of the IcCdx e THORA iy M i 7 S5 XspedXDdald ¥ &+ AHe porous
| ayer has a thickness of |arger than 50 [err] . 'm it may be difficult
for the anodic $de Tdebiong to reduce its |

EHEHi1 5 |

®15RIORTEMA | ARFERVT, #—5 AWERILL
BRU/RidkA—5 2 UBERILABELH L. 51 5S8R
PE.OMEEETIBERIEEBELR L CRBE & Uk, £—
SZERUNY THORBMEE., %2 OBBRLAEICE -
A OMEIL, #15RITFRT, I
FREBREONDS VRN RICHT AHAREFET S - L 5E
BEl. 5%C 1, —ArBAFRIED, 350°CT4REON
ARARRET . RREROAREENTLUT ORBTRIE L1,
[ AR ASR] | :
O: WARESL
A:  BAREEWMR 5%k
x: IRARLEENE 5% | o
$7o, BRBRAOWT S X< B EFET 550, ESTRE
BFTO 0 ARMOEET S X<RERBRET . 20ETvF LY
BABE LT, DT ORICHME L,
[75 X< RS HE] o
O: %&I-‘yf‘/.ﬁ'ﬂ 2 pmRH
A &Iv%?¢§'2umﬂi5um*ﬁ
X ryF7E 5 umllE o
EREAARARBRE LU7 S5 XBHRBOZRIIS 1 5%
Z | |



.15 internal force by itself. Inthis case, the anodic oxi de coatlng2
have cracky%m%@el of f, causing a problem of producing defR®&ck 63

products. - Further, in order to achieve excellent gas L
corrosi.on resistance, it is preferable that the barrier Iayer has'a :

t hi ckness of 20 50nm or nore, and nore preferably -80nm or nore.

Next, the forth invention will be described. Even t hough the '

above-described surface treatnment is 5 lcs)rﬁuct ed in the fornation of
anodi c oxide coating, it is inpossible 25 to conpletely avoid the.
penetration of corrosive el errents into a , '

30 S
N EBRMERCEE | ME | 7ARA| 75 <<
Yo | mHimm - ' - Fa| BB | RS
_ : F—-5 20 o kd |
1| 20(15) =S , 0.05- B O - o)
#1000%

2 5(15) —S,/5(B0 -0 |0.1 -F o o
*|3 15(20) - S 0.05- B .55 o | o
sela| EME-O0 0.15- F o | o

#6000% |— — &
|5 1005)~ S/ 540)-SO | 0.15- B o o
- ' — 123 -

6 | 5(30) -0 0.1 -P v O e

7 15(10) - S./5(10) -0 |0.1 -B | o o)

: / 5(70) — :

#5000% - -

8 {25@0-so 0.2 -B o o

9 - 0.05- B A |
I _ : .
o |1 #6000% | - - - x x

11 2(1200-P/1020-S | - |m@| x A
Bl # 1000% - .

Tz 50(10) — S - e x A

xho [RE#EE] oficdnT,
() HFoRBRk4ROBERLBEHERT,
P:0DAB, S:HB O:Lw>8 SO :®E+Lwe S5,
B: E5B+RB5MTYE=VL, F: 75VBKRNYOL
(i) BERBEBRRBOES (Bftdam) 2R/L
(BL. 2> CHOBFRATE (HEftldnm) ] :
/3 czﬁmuagmms@wt&mm— 5 onﬁﬁﬂ%{tL'cu% 2:%-1—'4‘0
(iii) @lZE. No. 20 5015 -S./5(30) —OJ i,
KEMOLX—35 28 ; Eésam(+7émnm)—mﬁﬁﬁ il
EHQOR—-5 28 ; ES Sum (+7?_-’é30nm) ~REBEE: Le 58
Tﬁ%ut%i?‘o



base mat eri gla %ﬁgb g the use of a vacuum chanber or chanber pcypdsAhies
corrosive el ?re g%asses, t hough very slowy, through an anodi ¢ oxi de

coating and penetrate into a base material made of al um num al | oy.
Therefore, in addition to the inprovement of 5 surface treatnent _
technique, it is also inportant to enhance the “corrosion resistance of

material itself us@ﬂs%ﬁ%@!ﬁwﬁmﬁzh Wﬂwmﬁgmm

Dependi ng on desired. physic properties, an alum num loy is

provided wi th severplelg pds gmmmlmﬁﬁmrmum@wwa@mron and

silicon are always contained as inevitable inpurities A 1000-seri es

al 1oy, which is nothppei.tioely PubyiAStInndehis BENG L LERPTHS, al so

nmay contain a certaln anpbunt of iron and silicon as i nevitable

impurities. AccHHORIEA Mk i 2 A OGRS & b —I HIONTESY & oy, the

. base material contains at |east 1000-type 15 precipitates which have been
-al ready descri bed3 Dural um n nmade

EiEH 1 6 _ | _
%16RIORTEMA 1 SRERVT, H6, TRRRTEHE
BRBEN S — itk D H— 5 AUBERILAE AL, R
-5 RBBBHRLLE AR L TRBRK & Uk, #—35 2BBER{L
RER U — 5 AWBERILAEI B L AROEE & . BER
LREEM 1 6RIHET 5. i
rﬁaﬁﬁomﬁzﬁﬁﬁ&0m77z7ﬁ%¥m%1saﬂﬁ'
GTUTHMBLE, BRIIS 1 6 RIRT,



of 2000-series alloy has the high strength resulted fromthe -

di sper si OWO®61529§ ef f ect of deposits. Accordingly, a vaculGTIPISOReHnber.
made of alum num alloy contains precipitates such as preci pitates or
-deposits containing inevitable inpurities, alloying 20 elenents and the -

i ke. However, the presence of the precipitates and/or _
deposits seriously inpairs the corrosion resistance,-and therefore, is
not desirable. Mdrre specifically, hal ogen el enents such as chlorine,

fluorine and bromi ne have high corrd8iliéy&and penetrate into a 25 base

mat eri al made of alum num causing corrosion of the base
BE | AEEEE | #-5xBRE/ | ¥2E | 75x<
No. |ZEHEmE|~ - |H-528 -5 2NBE | AKE | AHRER
o SR —3 2% (V)
1 | 1000% G |S/B 1020 | O o)
i | 2| 2000 c. |o/F | 15.20,70,/120 o o
3| A |s, soss 10,40 /150
5t 5000% . _ _ ° °©
5 4 B SO/F 20,80 /100 O o
5 H [P/B ~60,7200
#] }— 6000% - ' ' ° ©
6 A |s,0/B 20, 40,7250 o Yo
7 | 3000% G |so/B 20,7150 e o)
8 | 6000% D |SO, O/F 10(S0). 30(0), o) A
90(0) /350
9 G |s 0 x
50005 - ' -
H |10 H |so ~40 X A
£ | 11 | 60005 c |p/s 10, 20, 40,720 N X
@ | 12 | 1000% A |s 15. 30 x A
13 | 7000% - - - X X




‘material. _Wien a base material contains precipitates and/or BeResi ts
. ! . T/IP9 ’
~ hal ogen el WAMW(IS2%r e | kel y to penetrate into the interface FC %etvve

en

- the precipitates and/or deposits and the base nmateri al made of -
alumnum In order to ensure corrosion resistance, it is 5 desirable
that a base material contai-ns precipitates and/or deposits In an

amount as snal | agys RORSH BERE v d USgE gont ent
of inevitable inp%?tlég%s%c%%;s HO#%E?F&%&O th?ﬁ;%e?%NB as | ow

as possible. 11 .19 RegagRapyH £ 7R BRGNS Mk 57 DAY o
extrenely high purity. This requires high cost and thus is 10 not
practical. - —F%No. QTMIMPﬁsfk%W%#%M%@ﬁDwﬁW@%% es to

enhance the corrosion resi stance of base material made of al um num

al oy on t iR ASSRRUE G 74 Bl 7 A wi tkab e tnK dbob —<#pdBREE sRcedkpr esent

therein. As a result, It has been found that when precipitates 15 and/or

deposits are preggnt in a mnute and uniformstate, or are ~ arranged in
parallel with the | argest area of the base material, the
' o EiEHl 7 '

$17, 1 8RIIRTEHA 1 ALWEAVTHRMBI & Lk, &
HMA 1437 I SEEITED ShAHREEICS D, KQPTE
BL. GESRE1C/HTHELE, £0%k, 4 80 CT4KHED
W LSRN Lcte, MEIEEMT /23l UNT £ RELx.
MTEREEE, WHUKIC450CTHY. EEMTOE TSI
8 0%, i UMTOWHEIZ4 THol, |
PEHERIIE A > EEBTERA® (SEM) £ALTREL.
BHYR Y OTRE & RSB R DL, SRARIER
BAFILEIC & > CTHE Lz, BHORGIFHYOTHNRE & 6
HERVZOEFAFMIEL 7, 1 8RIHFET 5. M. EFIHM
Lii. FERRBREITOVTHT O XK A MR ERBRE O T 5
X BRI AT > A BRATREREIH T 3EFHFETH 3.

O A R &t |
ERBRBE DAY URA RICHT S AR A LTSS S
LEEMELT, 5%C1: —ArRAARITED, 130CTI
BEOHZRARRET . RAERBARS EH~TUTOBMS
TR Lo | -
©: BAEXBAES 30 pmkw
O: BAHMEBAES 30 umblES 0 umKH
A: BRERBAES 50 pmPlE1 00 pm*ki



base material is excellent in corrosion resistance. Mor e _

speci fi cal P I¥MSpr eci pi t at es and/ or deposits are arranged HOHIRIS02263

" present continuously with respect to the direction along which the 20
corrosive elenents penetrate. Wth this arrangenent, the base ~material
has the high resistance to both gas corrosion and plasna. - In

Chat the procipi tat et ana B BRARE R, 0 Bhdleet o 10 T rerr] min
cont 1 nui ty and D 7y? RS equate  spaces each ot her.  Corosite tose
o of or abl e AREBEH DRSS Y ORI BB B S FREEEE T
1 5AMOERT 5 X< RHEBEF, BAREBAES 2T
LT, WA ARRULEE UERTHM LI, |
RN ARARRE LU XTBHEROKEESE17, 18
RITRT . | | -



average di

pr ef ér abl y@{‘ﬁ#ﬁ%

deposits is 2 [err]

‘5 less.

or | ess,

or |

ess.

mor |ess in average,
In this case,

precipitates is 6 [err]

m or

envi ronment wher e ‘a vacuum chanber or chanber
may grow and gain their dianeters during use.

| ess,

t he

%goi ?é%i preferably

t he

In sone
part IS used, deposits .
In spite.of such a

‘and NEERIPYSN2263
The preferable average dlaneter of

and nore preferably 1 [err] mor
if sonme particles have too | arge di anmeter even -

t hough the average dianeter falls within these ranges,
resi stance may be adversely affected. Accordlngly
di aneter -of the precipitates and/or de
and nore preferably 10 [err]

~corrosion
maxi num '
15-Terr] m

situation, tH
above-descri-h
used in the ¢
stay withint
havi ng deposil|
base materi al

he
pber i s
to
al

y, a

prefijerably ThRITsS W THi
e oo B M 2
_ S [s] raglﬁ'f'o Baect
?atﬂ@ret o .E&H%ﬁ || as |possible (spe_C| fi caI
1 2,006 | 2/10 |®F| © | ©
2 | #1000% | 5./1.3 720 |97 © | O
3 2/1.0 1,008 |E@H| © ©
4 | #2000% | 410 2/1.0 |97 © |
| 5| #3000%| 6,25 | 520 |¥F| O | O |=*
6 2/10 2/1.0 |7 © ©
7 1 6,20 2/20 |EF| © O %
#50005% .

8 | 8/L0 2/15 |EH| O O |®H
9 8,/3.0 8/2.5 | ¥i7 O o -
10 2,50 | 1,30 |&E| O o |7
11 430 | 3/L0 [¥F| O o}
12 6,20 | 5,08 |®iF| O O
13| #6000% | 110 | 1,02 |®F| © ©
14 2/0.5 | 0.8/0.8 | EHE © ©
15 5/1.2 | 1.5/1.5 | EfT © ©
16 | 3/10 3/1.5 | T © O
17 #T000% 5/1.2 | 2/08 |¥f7| © O




. | evel

deposits with an average di aneter of 2 [err]

pr ef er abl y WO P&1S29S m or | ess).

preci pitates and/or deposits in a

content of alloying el enent
conposition is reduced to the

met hod,

there is also a

More specifically, in.

as high as possible,

| evel.

m or Iess
In order to di spBEHIPISI2263
mnute formin-an alum num al | oy,
and i‘nevitable inpurities in an alloy
as | ow as possi bl e.

met hod in which a casting rate is controll ed.
casti ng, '

and nor e.

Besides this

a cooling rate is increased to the

/1 8%

t hereby controlling thée average di aneter and the vol umetric

33 _
proportion

of the precipitates and deposits to small values. The
| wemmonmss || o
No | EHER (zm) (%) BV | FRABE | TS5 X< |
e —— FE | EER JREIAER | &
Y ey -
18] #1000% | 2/1.5 {1105 |®BE| x A
19| #2000% | 6.3.0 | 340 |®E| x A
20 11,30 | 7/30 |=B| X x |k
21 #5000% 1140 | 10/L5 |SH x X
22 11,20 | 11,720 |&@E| x x &
23 | #6000% | 12/1.0 [ 308 ||E| A x | &
24 15,08 1208 |=E| x X
25 | #7000% | 1 2.72.0 4/3.5 | EH X X




cooling rate_in casting is preferably 1l[err]C/ sec or nore, an
preferably ﬂﬂ?aﬁ’ﬁz@sec or nore. 5 The particle di aWKlﬁfg

shape, and the distribution - state of the deposits can be controlled by
perform ng thernal treatment at the final step of producing the base
material (for . exanple, T4, T6). Specifically, the liquefaction is

f d at t ’ j ' i
perfored at 2 o LS 1OV MIIR S BORYM. © £ I0 DI b
solidification i SB4 3 P@‘g.?ﬁté.teq. )rzru‘FQ' M@mgﬁl@m@ywﬁgg,@%@

solution, and after tistage agi ng treatnent such as a double

stage treatment sz 7nd-agNpPhegstaog z&r\eﬁtmﬁt:'ﬁaﬁ#mﬁ%ﬂm\%ﬁ

descri bed above, - ~even after the casting, the aneter of deposits can
be further 15 dgELAgscELBfIRES B XIB geloy ¢ BNy Btz e pay
treat ment. Moreover, in hot extrusion or hot rolling performed
after the cag%ngj;b{mﬁ%ai%gt es and/or deposits are likely to be
arranged along the directions of extrusion and rolling. Even when

EiEf 1l 8 '

1 9ORITRTBEAIALEEA L, 1 9RCHRTTIRT
 MEABEUTCRBE S Uis, UTIRTED. ZHMAL1 7TX08L
WERAETRARBREZTHV. BYRABEERUMHT S X<kt E~
7o | ' S

Ot 7 AEa K |
FRRBREOADY VRN RICHT SR ARRELFET 3
CEZEMELT. 5%C1, ~ATEAARITED, 350%CT
ABMOA ARABRET . ARORAREFEREE~XTUTO
s TRAE U7co - | B
©: WARLEM 5%KE
O: RARLEEM 5%L10%KRE
A: ERREER 10%LILE2 0%k
x: RAREEM 20%BE
Q7> X< . -
IR OF 75 XA FET 570, B4 7 REHTT
15075 X<REE5AMMT6ERYETHERT 5 X7
EHRBRETO, ARORRREERER~THY ZRALE R U
HH T Ui,
ERARRARRE XU S X EERROBRIE 1 9 R
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the al um num al | oy containing the precipi tates and/ or depoéi_ts
arranged WO#6{5205specific direction is used for the base ndCa/iP$02263

base materi al

t her eof ,

~viewed from
34

bl ack- -
upper Si

dependi ng on the shape of each vacuum chamber, the |argest area of t he ,
is made to be parallel with the arrangenent direction
t hereby enhancing the corrosion resistance. FIG 9
and FI G 10 are m crographs show ng %rgc?p#nat es 25 and/or deposits
the cross-section of th€ vacu :
chanmber. Wiite-colored portions are precipitates and :
colored portions are deposits. In both FIG 9 and FIG 10, the
oS —stH-fac-e—af—t-he—vaeHHR nha__mb_g'r_#h_e_r_e an anodi c
PIGNE /RS R 1
. (am) (%6 RENE H2ABR| 75 X=
. No. | EHMEBH .27 HIRES HE | BRERR
st ity [ FE | @ 2 BE :
a 6./1 3/1 |¥F ' ©
b 2,03 | 108 |EHE|Z~ysyry| © | ©
1 —1 #5000% — Al, O,
c -110/3 4/2 |¥TF|® 2um O @
d 11/- |10/~ |=m& X >_<
a 412 | 2/15 |7 © e | (
b . 6/1.5 | 8,25 |BHE |Bsemsx Ko o
2 # 60005 : - Al, O,
c 11/4.0 1708 |F7|® 25um @) e
d 12./5.0 3/25 | &E x | x
a 2/1 | /1 |®mH © | ©
b 4725 | 2720 |@E|zx<vs59vr| O | O
3 # 1000% ' — TiO, -
c 2/4.2 8/25 |EF|® 2um O - ©,
d | 11,03 | 1,03 |2E x x
a 4/1 | 2,74 |®fF | e | e
b 4,30 | 2/30 | BE|BERLLE o) o)
4 #60005% — _ — @ Bt
c 8/0.5 | 4/1.2 | ¥ |® 20um A @)
d 12/5 3.,/0.3 |=m x | x
a 2/1 '1/0.8 | 4T - @) © .
b 4/1 2/02 |EHE| 2 y5yvy| O ©
5 #1000% —— - @ AIN —
c 403 |11/15 |¥T]|® 15 um A o -
d 12/0.3 | 12/0.3 | SE x X
6 6

20




“oxi de coat ii@edfs209r Med. In FIG 9, the precipitates and/or POBIPISNDES0SIts
are arranged in perpendicular to the surface of the vacuum chanber. I'n
FIG 10, the precipitates and/or deposits are arranged in parall el
Wi th the surface of the vacuum chanber. In FIG 9, there are sone
precipitates and/or deposits having a dianmeter of " nore than 15 [err]m

while in FIG ‘10, #l1 gﬁebrNe.cilm&tﬁlj@“bﬁ’ﬂ@ﬁ“dd’@b‘sﬁt havd.agli amet er
of 10 [err] mor |ess. Accordi ng y, FIG 10 il l.ustrates a vacuum

chanber with a bisgSEkEHN Bp® D1 OouemildTR @B S drtick EROSH s with

a diameter of 10 [err] mor less, and the precipitates and/or deposits

are arranged in HHBok M RE It tiHe TEIT TH é&tﬁﬁﬁhﬁ%cﬂa\ ob itk efEiRlsE
material. 15 ' Some ki nds of vacuum chanber or chanber part may

~contain, due to BNRABERE IO b ICRIENTH 2 EHY) Rl hith @ T4 @& or
dep05|ts arranged in perpend| cular with the |argest area of the base
material . Exanplds1dd wochl PaCdnh BRI & Dncl e sESHEATLET B D gas
di ffusion plat es d| el ectric I ates such as el ectrostatic chucks, _
NODTHRER ] 0 pmEML TS0, EFIFBHIEAE
Bz bfﬂzﬁ?ig AEBEATHY. BhiBA AEERL &
U7 S X<el%E2R U, ShicH LT, did. XRBICRIEHE
EEELSOEBAITH D, B ARARE R#H TS XD
158 Eb—HHREATH B, |
ARBIEILEORICHRINTE D, $1 RARTE 2 BB X
D, MARBERSIVR TS X< ERBICHEDIAl $2i3
Al SSMETF » VA\BHRUCZTORBLBAERHUZERL
o EREIRMTL Y, HEF » V SBHAEHN & LTENLH
ARABEMELVMT 5 XAUERET A | AU EZRHET

6 %®T55o



20 all of which have a disk- shaped base naterlal For exanple, in many
cases, susCEPP¥IR9%re produced in a disk-1ike shape by cuttlﬁﬁr’mmzéﬁ:"

- col urTﬂ“iTke~e*t—r-ude_d\er| al into round slices. Thus-produced

.susceptors contain precipitates and/ or deposits arranged al ong a

di. recﬁuyil"ﬁnmllmm ion, and this arrangerrent dirrection may be in 25
per pe ’Imuﬁrface ‘and bot t sceptor. Accordingly,

35 "when *a vacuum chanber |s a sceptor like this, the .
corrosion resi stance is enhanced by controlling the aver age. di anmet er

of precipitates and/or dep05|ts to be as small as possible, |nstead of

controlling the frrssgRERAl OARY 2B ME % 2 — S ABERTDUNNY
7ED S S RERLEMEE L. L%¢—71E0¢7&%§ﬁ
BORE <L EHBTAE LTHBC LERBETEA L 20
AL ASMEET ¢ M, S
z.¢—7xEo$7aﬁ%éﬁmm&azaf§ﬁm£m$%"
BLTOSMRELICEROA L FRHA L ASNREF 4 2
W, |
3. #—5 AWORT BHFSHEOERRMTHBRNLLE %
_ﬁurma%*ﬁlzruzufﬁoAlaruAlAﬁ&EE'
F v 38 :
. 7xEo+7§ﬁ%éﬁﬂ®EEEﬁT¥£m%%ﬁbf
h5%$ﬁ2§tﬁ3Lﬁﬂ®A1ithléﬁﬂE£%+zh
®bt, o B ,
5. C, S, N, P, F, BXous®srsRIThs 2@ Lo
-xﬁé\a@&w&ﬁuaﬁaaa?al~4omfnwu?ﬂm'
CALERRZA L BENEET ¢ 2/ SHH,
6. BHHOBUIRCHFHENOTEREN 1 0 xmblTTh B
HRE L ~5DNFRMCEROA | ASUKEF ¢ Vi,
7. EHHOBBARTHFEIN, BHETORAEREE T2
BHEEIH LT RN S W TESMRE 1 ~5 0L T hii
EROA | BGMREF v Wit
8. BHHORMUYRTITENOPEREN 1 0 xmUTFTH &
i, LREHORURTEYY, BHETTRAEREE S5 EH-
iﬁkﬁbf¥ﬁkﬁﬂéhf&6%ﬁﬁl~5®mfh#k?ﬁ 
| DAL BRMEEF ¥ VWit o
6 8




5 ol\ébﬁgver t he corrosi on r esi stance can be furth

by, besi de¥ B 1 ng the lm and/ or the %ﬁr.a-ngﬁgnt of
preci pitates and/ or deposi tH“mHmmm“l“g vol unetric proportion :
thereof to be as snmall as possible MNbré ~specifically, the volunetric
proportion of the precipitates and/or 10 deposits is preferably 4% or

less. and more pyefar ok v GPACT & SNEE 7 A OB OB BRIV % O
e COo

| ess. A prefera nation of the average dianeter and

the vol U”E'%'ﬁ?ﬂt%w Lign Mt D PN Fkos BBt SRS s as

follows. As to e precipitates, it is preferable that the average 15

diameter is 6 [ ggr 3npa & ESGMeddt BA VOEYIEL Al ¢ RepPBTE N+ 5 /4888 | ess

(desirably 2% or |ess), and nore preferably, the average dianeter is 3

[err] mor |ess pgeEMEBYpEietric proportion is 2% or |ess (desirably -
1% or less). As to the deposits, it is preferable that the average

L |3, MERASES SER S AT R RN 3L o
| MREIICIEMOA L TREFA 1 ASUEEF + VA BHORE
WIS R
1. BERILBELLTROERORM THERNITELS ¢S
 BREOIEI 1 OREMOAl TRIRA I ALMEEF v U3
it ORELE S o
| 2. BERIRELLTROERORKMT—EIREoMNRE ] 0
izl 1ICEMOA ] 1A | ARUEEF + A BHOEE
REFE, : | |
13. BERILOTMBENS 0 VITTHEWRHI~1 20
S WTRANCEROA L EI2A | ALREEF » L BHOREL
BAlk.
14. Eﬁ&wo#MEEﬁSOVuifbé%?@9~l3@
WFANCTEROA L TIEA 1 S2MAEF » VA BHORE
MBI o
15. Eﬁ&kﬂﬁﬁ&bflg/vzbwutmbwaﬁéﬁﬁ
TEAREAVAERAI~ 1 4OVThOERDA L /2l
Al BSNHEF v o ARHOREMES#, |
16. WREL5CEROBMI, S, N, P, F, BXDABH
begwna1§mxoii%aﬁtaA1itMA1éﬁﬂE£
F v VB OREAES
17, A1irmAlAﬁ&EW++/n%ﬂu5ﬁ&wmﬂ%
Fooeitko-T REMOLLETESHAETEH-SREE
6 9



1 [err] mor |less and t‘MHlon Is 2% or |less (desirably '
1% or | esWP.96/15295 \!“ s and conditions FSTARPHRRES ng” an
| _

alum numalloy, it is po the diameter and the 25
vol umetric proportion of precﬂplt%lt €s and/or deposits present on -
36 - t he surface of the alum numalloy. For exanple, there is a

ey cool et e BRI TR A I %’%ﬁ#ﬁ&%&?@%ﬁe@ f;%?”‘? atoyis
greggﬂjittsatieg : c}sﬁ’g%gﬁéonrg?z pt ﬂ?ﬁ%&f tr#%éll e . |
ETAR-SRABBMILLBEERL, ROTHER—5 RBGER
kﬂ@%ﬁi‘&%ﬁ&t?%AIitﬁA1£ﬁ§E§%+yN
BHORENERE. o | |
18. EE&- 71@@&&&%@%%?L5#0 H—5 AH
BERILONMBEL ) #— 5 A WBBERLORBBELHL 35
BREITICEROA L1 F-B3Al 58ETEF+ //“C*Kﬂ'a)iﬁ
MEBH Ho | |
19. #—7xﬂﬁﬁ&k@E%QIEQEEOZﬁ?ﬁEMK
iﬂéﬁ%%?ﬁl7§rm18kEﬁDA1§fmAlAﬁ&
HEF ¢ VA ABH ORELES Eo | |
20, #- 7ZEEEQKEE%QIEOEEQEﬁT#EﬁWk
-E&éﬁé%ﬁﬁlShﬁﬁoAlitﬁAléﬁHE£%+/n
BHORELESE,
21, #— 7Xﬁ$ﬁ&&§&%élﬁ@&ﬁ@gﬁfﬁﬁmr
ZiL X3 ST, OERDOXECRBMENICTIL S € 5HRE
1 BIERDOAIEARA I ASURET » V BHORELE
ke . | -
22. #—5ABBERILOMMBERS 0 VAT TH3MKE
18~2 1 0LTHHCERDA 1 ERRA | SRMEEF 4 V5
A ORELES . B o
23, #—52HBERILORMBENS 0 VI LTS ZHRE
18~ zzmhfhbr%ﬁoAlekMA1ee&i§++yﬂ'
it O REAES e |
24. AlASDSRY, ﬁm%&vﬁw%®$ﬁﬁﬁﬁ10um
MFTHB T & ERMETERA RARABRUR T 5 X< icBh
7 0



‘portion of the alun1nun1alloy There is also a nethod I n whi

al um num awwlé el | ent - MIIJ"”"I")"I stance is cl added 1rcffrirt 02263
surface of thé vacuum cha ﬂ""lﬁﬂ“ In the above- descrlbed

nmet hods, control is conducted®in® 1™ Ssuch a manner that at |east the

| argest area of the base material . from-the surface up to 1nm deep

cont ai hs preci pi mipg 3 average dianeter of 3 [err]mor less
}'gé% #Ofﬁﬁ I ZEE N

and a volunetric |on or Iess and deposits having an

wmawamMm(%1Am§ ?gqug_ ﬁ&?ﬁmﬂﬁiﬁmEW'm(ﬁ

1% or | ess. Consequén surface o se material gains

~further resi st angestozogsz @B’ﬁﬁﬁ@i‘ﬁﬂd(:l?— ;_mapgm-qgsal‘t B ey bur t her

enhanci ng the corrosion resistance of he entire vacuum chanber.

Vhen a vacuum c%mﬁ;mﬁ@&wmmwmewﬁﬁaﬂ > ASERENE present

I nvention, the corrosion resistance and the abrasion 20 resistance can be
further enhance formng a coating on the surface thereof enploying
~a known surface treatnent other than ' _

26. AlBRHBED. BHARCFHNOTHHEN1 0 um
HTFTh B Litic. LREHIRTIFHN, BHREDBATN
2 ETABHRECH LTRIFIRENShTHS L 2B%ET3
WA ZBEERTRT S X HIcEBNEEF » /AR,
27, MERHYRCITHYOERAIRY 2 BT TH 2 HKE
2 4~2 6 DVTHINCERORZEF + o WA EHE.



t he anodi zi pa. anpl es of such surface t"r-’éa't ments include a
Biosiys
|

| cal

vapor deposlV ¥dch as sputtering and:i on-plating, chgg%%\%%or

. deposition, and thermal spraying. 25 - Al t hough the present
I nvention has been fully described by :
37 way of exanple with reference to the acconpanyi ng draw ngs, .
it is to be understood that various changes and nodifications will be
apparent gpitggose skilled in the art. Therefore, unless otherw se such
changes and nodifications depart romthe scope of the present 5 '
I nvention, they should be ¢ | | i n.

o ! 0O /0

2K
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EXAMPLE 1 wo 96/15295 As shown in Table 1, various al um pgp ot at es
were 10 provided with an anodic oxide coatlng havi ng different structure

fromeach other. These aluminumalloy plates were used as test pi eces.
"Each anodi ¢ oxi de coating included a porous |ayer having pores with a
di anet er continuously changing in a depth direction. Table 1 al so -
shows t er of layers included in each porous 15 Ilayer, a pore
di anet er at top and a bottom of each porous |ayer, an el ectrolytic
sol.ution used for anodizing, and Eaggggﬁgéness of each anodi ¢ oxi de
coati ng. n order t e the corrosion resistance to a
hal ogen- conE?' |nn gas for the test pleces—‘éPgas Eprr05|on test was
20 conducted by wsf ng 5% of m xed gas of CI[err Ywat a tenperature
of 300[err]C for 2poyg¥. Upon conpletion of the test, gg appear ance
of test pieces mas-ev%Mpated under the follow ng standdfss.
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<gas .corrosy

[err]: Corrosion was generated in an area of

38

S3k> O No corrosion was genergﬁﬂms,&;ss

test piece.

an area of 5% or nore of test pi ece.
order to evaluate the resistance to plasma
chl orine I%@na i rradi ation test was conducted

4 pon conpl etion of the test,
ired and eval uat ed under

NF—VA

90 m nut
pi eces was neas
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| ess than 5% of-

Corrosi on was generated in |
5 In addition, in
for the test pieces, a

under the | ow bias for -

etched depth of the test
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the foll owigg pﬂards. 10 <plasnma irradiation test> 0:
. 9 ; PCT/IP95/02263
Test piece vvaség?c ed in a depth of less than 2 [err] m

[err]: Test piece was etched in a depth in the range between 2 [err]
mor nore and less than 5 [err] m - X: Test piece was etched
in a depth of 5 [err] mor nore. 15 The results of the gas
corro%glmtest and the pI asma Irradiation test are shown in Table 1.
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39 | No. Ki nd of Structure
Thi ckness OW%SEJS Pl asma Al all oy
met hod anodic oxide Corrosion irradiation
| ayer coating ([err] m test t est
11000-series a , , [err]
pr esent 2 b 35
O inveigE8@ 6000- seri es 3 c
25 [err] lerr] 4
anodi zi ng 0. 8 [eér] [err]
e 15 J [err] ﬁ%rr]
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6 WO 96/15f295 ' 0.04 X ))?ccﬂm@/oi’is'[ave

exanpl e g 45 err]
8 6000-series h . 70 X [err]

9 Lo _ X X * Remar Ks:
Structure of porous layer is indicated by nmeans of pore dianeter a
top: 1 0~200n m: base (phosphoric acid) b: top: 15~20n
m : base B8@Rric acid-oxalic acid) c :top: 12~55~ 30~ 12
0 n m:base (phosphoric acid) ~d: top: 8~250nm: bottom
(phosphoric aci c acid -
-oxalic acid) aci d)

g :top: 15 ~ 5 ~10n

m : bottom (sul f

T ———————
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40 ¢ ' ‘ As is obvious fromthe results shown in Table 1,

the test pieces Nos. 1 to 5, satisfying the conditions of the present
i nvention,: ' exhi bited the excellent resistance to gas corrosion and
pl asma. On the other hand, the test pieces Nos. 6 to 9, correspondi ng

- to the 5 conparative exanples and not satisfying one or nore conditions

° TITLE OF THE INVENTION
VACUUM CHAMBER MADE OF ALUMINUM OR ITS ALLOYS,
‘AND SURFACE TREATMENT AND MATERIAL FOR THE
VACUUM CHAMBER

FIELD OF THE INVENTION
The present invention relates to a vacuum chamber and
chamber parts made of aluminum or its alloys used for a chemical
vapor deposition device, a physical vapor deposition device, a dxry
10 etching device, and the like. The vacuum chamber and chamber
parts exhibit excellent corrosion resistance to a corrosive gas or
plasma introduced into the chamber. The present invention also
relates to a surface treatment and material for the vacuum chamber
and chamber parts.
15
BACKGROUND OF THE INVENTION
A vacuum chamber and chamber parts used for a chemical
vapor deposition device, a physical vapor deposition device, a dry
etching device, and the like are required to have corrosion
20 resistance to a corrosive gas (hereinafter, referred to as gas
corrosion resistance or resistance to gas corrosion), because a
corrosive gas containing halogen elements such as chlorine,
fluorine, bromine and the like aré introduced into the chamber as a
reactive gas, an etching gas, and a cleaning gas. In addition to the

25 corrosive gas introduction, halogen-based plasma is generated in

1



t-he presen
corrosi on

Table 2, v
oxi de coat
2, an oxal

alum num al l oy plates were used as 15 test pieces. Each anodic oxide

coating in
cont i nuous
nunber of

top and a

anodi ¢ oxi
t he pl asna
were teste

5 .

10

15

20

25

t invention, exhibited the insufficient resistance to gas

and/ or pl asna. EXAMPLE 2 10 : As shown in
arious alum numalloy plates were provi ded with an anodic
ing having different structure from each other. In Exanple
Ic acid solution was used as an electrolytic solution. These

thedbdmbepriaumdpyeases. Theseforeoties vaicuium ohizzmberrand

l'y changing in a depth direction. Table 2 also shows the
ERYBlBer ?)‘Hr‘ﬂgeéiré lso re@@GBdPEs Ghigve adtarostord Fegistianidet €6 at a

bottom o

each porous | ayer, and the thickness of each

gfaﬁﬁﬁ}[ {Hr%(%iggx@ter, referred B?Q%gﬁdfdéﬂnatﬂ%‘%isﬁ%%e9prr05i on test and

ion’test conduct

d To satisfy such requirements, conventionally, a vacuum

chamber has been mainly made of stainless steel. However, a
vacuum chamber made of stainless steel is heavy in weight, and
therefore, requires large-scale foundation to construct on which it is
installed. In addition, é vacuum chamber made of stainless steel
does not have sufficient thermal conductivity, and therefore, much
time is required for baking operation. Thereis also a problem that
heavy metal such as chromium and nickel, which is alloy component
of stainless steel, is released into the atmosphere during operation,
resulting in spoiling the products treated in the vacuum chamber.
Under such circumstances, studies have been conducted to develop
a vacuum chamber and chamber parts made of aluminum or its alloy
which is lighter in weight than those made of stainless steel and is
excellent in thermal conductivity without problem heavy metal
contamination.

'However, without being subjected to surface treatment, a
surface of aluminum or its alloy is not always excellent in
resistance to gas corrosion and plasma. To give resistance to gas
corrosion and plasma, .any surface treatment is necessary. For
this purpose, various studies have been conducted. For example,
Japanese Patent Publication No. 5-53870 discloses a vacuum

chamber which uses aluminum or its alloy whose surface is

2

In Exanple 1, "the test pieces



to eval uate their resistance to gas corrosion and plasma. The test
results are as shown in Table 2.

Table 2

Pl asma

I rradiation | ayer

t est
[err]
[err]

10

15

20

25

No. Ki nd of Structure Treatnment Thickness of Gas
Al alloy of porous nethod anodic oxide corrosion
coating ([err] mtest

1 5000- a 15 [err]

anodized teeféfi &foanbéicobxide coating, thebeby increasing gas 0. 1
[err] present 1000-

corrosion resistance. However, no prior art, including the
invention disclosed in Japanese Examined Patent Publication No.
5-53870, provides an anodic oxide coating which sufficiently serves
as a protective coating against a corrosive gas and plasma. If an
anodic oxide coating or a base material is corroded and damaged,
products by the corrosion come out therefrom in a particle form. If
a vacuum chamber or chamber part having such a coating layer or a
base material is wused in, for example, a semiconductor
manufacturing, defective products may be produced. Accordingly,
there has been a demand for improvement.

Japanese Patent publication No. 5-53871 discloses that an

ion plating method is employed to form a coating (made of, for

example, TiN, TiC, and the like) excellent in corrosion resistance on

the surface of a vacuum chamber made of aluminum or its alloy.
However, if the coating is formed by the vapor phase synthesis
method such as ion plating, problems arise that the obtained
coating has small density and high cost is required for treatment.
Japanese Patent Publication No. 5-53872 discloses an ion-
implantation method. This method, however, is not adequate for
treating a vacuum chamber or chamber part with a complicated
form, and in addition, requires high cost for treatment as well as an
ion plating method.

The‘presenlt invention has been conducted to solve the

above-described problems, and the first objective thereof is to

3
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5 [err] [err] i nvention series c

5 o [err] [err] oxalic acid

anodi zi ng 35 [err] [err] 6000-

6 0.03 X x Comparative
exanpl e 7 g 40 X [err]

8 series h 60 X [err] 9 5000-

X x provide a vacuum chamdrericaschamber part made of aluminum or its

X X * Remarks Structure of porous layer is indicated by neans of
pore di anetgdloys excélleh@Pin hesiditthdemto ipds @orrosionbantdoplagm@ bylad n m
:bottom c :top :20 ~ 50 ~ 30 ~ 150 n m: bottom d:top: 10 ~ 180
N m: ot Ofeonomial fifbdi}fng Btod? ~70 n m: bottom f :top: 10 ~ 45
n m:bottom g :top: 20 = 20 n m:bottom h :top: 5 ~ 40 n

m bot t om The second objective of the present invention is to provide

5 a method for treating a surface the vacuum chamber and chamber
parts.

The thi{'d objective of the present invention is to provide
material used for producing the vacuum chamber and chamber
parts. -

10
SUMMARY OF THE INVENTION

To achieve the first objective, the present invention is
directed to a vacuum chamber made of aluminum or its alloys
comprising an anodic oxide coating including a porous layer having

15 a number of pores and a barrier layer without pores (see FIG.1 and
FIG. 2). Each of pores has an opening on a surface, and its
diameter is smaller at the top of the porous layer than at a bottom
thereof. The thickness of the barrier lé.yer is determined in
accordance with a pore diameter in the porous layer which is formed

20 immediately above the barrier layer. A barrier layer also can be
formed by non-porous type anodizing as will be described later.

As described above, a pore diameter is smaller at the top of
the porous layer than at a bottom thereof. The pores in the porous
layer may have a section W_here its diameter continuously or

25 discontinuously changes in a depth direction, or may have a section

4



42 As is obvious fromthe results shown in Table 2,
the test pieces Nos. 1 to 5, satisfying the conditions of the present
i nventi on,

where its diameter remains constant in a depth direction.

When the anodic oxide coating contains two or more
elements selected from the group consisting of carbon, sulfur,
nitrogen, phosphorus, fluorine and boron, further corrosion

5 resistance can be achieved.

Aluminum or its alloys used for producing a base material
of the vacuum chamber or chamber part is produced in such a
texture that particles such as precipitates and/or deposits
contained therein have a diameter of 10 & m or less in average or

10 are arranged in parallel with the largest surface of the base
material. In this order, the base material itself gains further
corrosion resistance as well as the anodic oxide coating. It is
preferable that the precipitates and/or deposits have a diameter of
10 & m or less in average and also are arranged in parallel with the

15 largest surface of the base material.

In the present invention, a vacuum chamber means not
only a vacuum chamber itself, but also the vacuum chamber parts
partially or entirely made of aluminum alloy such as gas diffusion
plate(GDP), clamper, shower head, susceptor, clamp ring,

20 electrostatic chuck, and the like. Hereinafter, a vacuum chamber
is a general term for a vacuum chamber itself and such parts. The
entire vacuum chamber is not necessarily made of aluminum alloys
of the present invention, but may be made in combination with the
aluminum alloy of the present invention and aluminum alloy

25 produced by any other method than that of the present invention,

5



exhi bited the excellent resistance to gas corrosion and plasma. On t he
ot her hand, the test pieces Nos. 6 to 9, corresponding to the 5
conpar ati ve exanples and not satisfying one or nore conditions of t he
present invention, exhibited the insufficient resistance to gas
corrosion and/or plasm. EXAMPLE 3 10 As shown in
Tabl e 3, various_alum numalloy plates were provided with an anodic
oxi de coatdonyemdiomallyi f knpmin ~ staindess e steel, fqnpeside omaseriathefe
al um num al l oy plates were used as test pi eces. A porous |ayer
i ncl udi ng demanmics au & glagtics, laadl poedskevith 15 a di aneter whi ch changed
stepw se. However, the test piece No. 4 had an internedi ate | ayer of
whi ch pore di anet Here®nhfteioushere areclongedcaséer efierporihe halyevd-aper ed
surfaces. Table 3 al so shows
described vacuum chamber of the present invention is referred to as
5 the first invention.
To achieve the second objective, the present invention is
‘directed to a method for anodizing the surface of a vacuum chamber
made of aluminum or its alloys. When the surface of vacuum
10 chamber is anodized, a final anodizing voltage is set to be higher
than an initial anodizing voltage.
When the final anodizing voltage is set to be higher than
the initial anodizing voltage, the anodizing voltage is continuously
or discdntinuously_ changed for an arbitrary period, or may be kept
15 constant for an arbitrary period.
The initial anodizing voltage is preferably 50V or less, and
the final anodizing voltage is preferably 30V or more.
It is recommended that a solution containing oxalic acid is
used as an anodizing solution, and 1 gram or more of oxalic acid is
20 contained per 1 liter of solution. It is more preferable that the
anodizing solution contains one or more elements selected from the
group consisting of sulfur, nitrogen, phosphorus, fluorine and boron,
or contains a compound including such elements.
In the present invention, an initial anodizing voltage
25 indicates an electrolytic voltage applied when the formation of

6



ki nds of electrolytic solutions used in anodi zing and the thickness

each anodi c oxide coating. 20 Repeating the gas corrosion

test and

43
Ki nd of
Pl asma

10

15

20

25

of

t he pl asna irradiation test conducted in Exanple 1, the test
pi eces were tested to evaluate their resistance to gas corrosion and
pl asma. The test results are shown in Table 3.

Table 3 Structure of porous |ayer
anodic oxide coating is substantially startddeathrdmallrinudieisg of

voltage indicates an electrolytic voltage applied when the formation
of anodic oxide coating is substantially completed.
Hereinafter, there are some cases where the surface

treatment method is referred to as the second invention.

As described above, to achieve the second objective, the
surface of the vacuum chamber made of aluminum or its alloys is
anodized so as to form an anodic oxide coating including a porous
layer having a number of pores and a barrier layer without pores,
and each of the pores has an opening on the surface. First, the
surface of the vacuum chamber is subjected to a porous-type
anodizing, and then, is subjected to a non-porous type anodizing.
Hereinafter, there are some cases where such a surface treatment
method is referred to as the third invention.

In the present invention, a porous-type anodizing indicates
a normai anodizing by which a porous layer and a barrier layer are
formed. The porous layér has anumber of pores having an opening
on the surface of the chamber, and the barrier layer has no pores
and is formed on the interface between the porous layer and the
base material. The porous-type anodizing is conducted by using a
solution containing sulfuric acid, phosphoric acid, oxalic acid,
chromic acid, or a mixture thereof as an electrolytic solution under
the electrolytic voltage in the range between 5V and 200V.

The non-porous type anodizing indicates an anodizing by

7

Gas



No.

met hod

| ayers

t est

4

3 50(
[err] EX
5

6000-
[err]

15(S) / 40(
6

Al alloy Nunber of Pore dianeter (nm
anodi ¢ oxi de corrosion irradi ation

t op/ bottom ' _ coating ([err]m t est
1 1000 2 20( P) / 100( P)
[err] [err] series 2
P) [ 30(S)/ 70(P) [err]
awpieh a barrier layer wigh no poresig fgrned; 1ﬂa(eppon porous type
[err] [err] of anodi zi ng present

2anodizinglis(Q)d daprdhy lusiog(#borao¢yse solution (fosexample,
[err] invention series 5 3

P&/SbeﬂB)n contammg(a mixture of boféh and ammoniufebotate,), a [err]
45

30( P)/ 56( P) / 80( P) / 200( P)

[err] [erf)ims?horus -base 7st)1ut10n ffor exaﬁﬁﬂ@%/ 12 P) /a%%)rﬁih%i)
/0 20(2 S) 4 18814£$$ﬁgenphosphfte %]ofﬁﬁo?ﬁ, a %ht&xahc ac1@-%a(1$%) sbrrfoh I:f)for

30
2
X

70
anodi zi ng

10

15

20

25

10( S)

exaLl%rlr] [pota]ssm rrpahy&{‘a/geenpﬁgggra exargiugmn) 10 n°% 1ps1i060_

10(S)/50(P di .
acid- g)sges,q gzt,mn ﬁfor exampleggppyp%ggegl}nngdipate solution), a

[err] * Remarks_ : (P) . phosphoric acid
carbon base solutmls)(fos@pqamplﬁ fiS6 m@dpgrb@nate solution), a

citric acid solution, a tartaric acid solution, a sodium chromate
splution, or a mixed solution thereof under the electrolytic voltage
in the range between 60V and 500V.

To solve the third objective, the material used for
producing the vlacuum_ chamber of the present invention is made of
aluminum alloys, and has precipitates and/or deposits having a
diameter of 10 & m or less in average.

Instead of controlling the particle diameter, the
precipitates and/or deposits may be arranged in such a texture as to
be in parallel with the largest surface of the base material.

The material made of aluminum alloy gains further
corrosion resistance by controlling both the particle diameter and
the arrangement diréction of the precipitatés and/or deposits.

It is recommended that the precipitates and/or deposits
have a volumetric proportion of 2% or less.

Hereinafter, there are some cases where the material used

for the vacuum chamber of the present invention is referred to as

8
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the forth invention.

In the present invention, precipitates indicate compounds
generated from a liquid phase during the production of aluminum
alloy. Deposits indicate compounds generated from a solid phase
during the production of aluminum alloy. Kinds of precipitates
and/or deposits depend on the composition of aluminum alloy, and
are not limited by the series of aluminum alloy. Examples of
precipitates and deposits are as follows. .

Examples of precipitates generated in 1000-series
aluminum alloy (hereinafter, iOOO-series precipitates) include Al-
Fe-series precipitates such as AlsFe, AlsFe and the like, and Al-
Fe-Si-series precipitates such as « -AlFeSi, £ -AlFeSi and the
like.

Examples of precipitates generated in 2000-series
alluminum alloy are of the identical kinds to 1000-series
precipitates. Examples of B:éposits thereof include Al:Cu,
Al:CuMg, AlsCuMg.: and the like.

Examples of precipitates generated in 3000-series
aluminum alloy include, in addition to those identical kinds to the
1000-series precipitates, AlsMn, Al{Mn, AlMn, Al;2Mn, Ali2FesSi,
Al;sMnsSi, AlsMn:S and the like. Deposits thereof is mainly
Ale¢Mn.

Examples of precipitates generated in 5000-series
aluminum alloy include, in addition to those of identical kinds to
the 1000-series precipitates, AlsMg:, Ali2Mgis, Al:Cr, AlisMgsCrs,

9



As is obvious fromthe results shown in Table 3, the test pi eces Nos.

1 to 8, satisfying the conditions of the present invention, exhi bi ted
the excellent resistance to gas corrosion and plasnma. On t he ot her
hand, the test pieces Nos. 9 to 12, corresponding to the 5 conparative
exanpl es and not satisfying one or nDre condi tions of the present

I nvention | ed the |ns ffici | st e tg gas corr05|on
and/ or pl ﬁhﬁ‘qg N2 heplikes amp es of &9P051A§ SRAaeLi inchudiee

various al um num al | oy pI ates were provi ded with an anodi c oxi de
coating halsMg:diXleCudg and dbeukile. fromeach other. In Exanple 4, an
oxalic acid solution was used as

Examples of precipitates generated in 6000-series
aluminum alloy include, in addition to those of identical kinds to

5 1000-series precipitates, Mg-Si, Si, AlsMgs and the like. Examples
of deposits thereof include Mg=Si, Al>=CuMg and the like.

Examples of precipitates generated in 7000-series
aluminum alloy include, in addition to those of identical kinds to
1000-series precipitates, AlsMgs, AlZn, Mg2Zn11, MgZn: and the like.

10 Examples of deposits thereof include Mg:Zn11, MgZn2, Al:MgsZns,

Al:CuMg and the like.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1is a partially sectional view schematically showing a
15 structure of a porous-type anodic oxide coating;

Fig. 2 is a cross-sectional view showing a porous-type
anodic oxide coating;

Fig. 3 is a graph illustrating a relationship between an
electrolytic voltage and a current density in the case of using three

20 kinds of anodizing solution respectively;

Fig. 4 is a diagram illustrating the patterns of an
electrolytic voltage applied in the surface treatment of the present
invention;

Fig. 5 is a diagram illustrating the comﬁarative examples

25 of patterns of an electrolytic voltage applied in the surface

10



an electrolytic solution. These alum num alloy plates were used as 15
test pieces. A porous layer including two or nore | ayers had pores
with a diameter which changed stepw se. However, the test pieces Nos.
2 and 8 had an internedi ate | ayer of which pore dianeter conti nuously
changed, thereby pores have tapered surfaces. Table 4 al so shows the
structure @bagadhtporous layer and the thickness of 20 each anodic oxide
coat i ng. The test pieces were tested to evaluate their
resi stance to -0as,CQLr Qsi pl: t] cQrrasion
test and the Fﬁgasﬁaqlgr%ad‘?{a]ﬂ ognt égﬁ%ﬁﬁ%ﬁe@]‘?n{’gﬁ%ﬁ%ﬁ (%v aceicept
that the S corrfsion test was gonduted at 300][ err for 4 hours and
the chi'or (HBctralytii kefkaed phffied T tRBCHAACe J5RANRITH YoHS PaearAL: os.
The test | ) 45

invention;

5 Fig. 7 is a diagram illustrating the comparative examples

of patterns of an electrolytic voltage applied in the surface

treatment;

Fig. 8 is a diagram illustrating a structure of an anodic
oxide coating formed by the surface treatment method of the present

10 invention;

Fig. 91is a micrograph showing precipitates and/or deposits
arranged in a direction perpendicular to the surface of the base
material; and

Fig. 10 is a micrograph showing precipitates and/or

15 deposits arranged in a direction parallel to the surface of the base
material.
BEST MODE FOR CARRING OUT THE INVENTION

20 A conventional vacuum chamber and chamber parts made
of aluminum or its alloys has been poor in its corrosion resistance to
the aforementioned corrosive gas and/or plasma. To solve this
problem, the present inventors have conducted hard studies on the
techniques for improving the surface quality of a vacuum chamber

25 and chamber parts, and have reached the first invention. That is,

11



results are shown in Tabl e 4.
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when a vacuum chaniber and chamber parts made of aluminum or
its alloys is anodized, it is possible to control the internal structure
and the composition of components of its anodic oxide coating,
thereby remarkably enhancing the resistance to gas corrosion and
plasma.

In a prior art, it is already known to control the thickness
of anodic oxide coating in anodizing (for example, see Japanese
Pater-1t Publication No. 5-53870). It is also known to change the
structure of anodic oxide coating by changing the conditions of
electrolysis. However, there has been no attempt to suppress
corrosion caused by a corrosive gas or plasma by controlling the
internal structure or the composition of components of anodic oxide
coating. In addition, there has been no report about studies
conducted from such a point of view.

Figure 1lis a partially sectional view conceptually showing
a schematic structure of an anodic oxide coating which is formed on
the surface of a vacuum chamber 61‘ chamber part made of
aluminum or its alloys by anodizing. When electrolysis is started,
cells 2 grow in a base material 1 in the depth direction. Each of
cells 2 has a pore 3 along the length thereof in the center portion.

Figure 2 is a cross sectional view of the anodic oxide
coating. In the present invention, the anodic oxide coating
includes a porous layer 4 and a barrier layer 5. The porous layer 4
has pores 3, and the barrier layer 5 has no pores. The barrierlayer

5 is interposed between the porous layer 4 and the base material 1.

12
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Having no permeability to gas, the barrier layer 5 prevents gas or
plasma from coming into contact with the base material made of
aluminum or its alloys.

It has been found that when an anodic oxide coating
includes a porous layer and a barrier layer, there is a correlation
among a pore diameter of the porous layer, a cell diameter thereof,
and a thickness of the barrier layer.

The present inventors have studied the relationship
between the structure and the resistance to gas corrosion and
plasma of the anodic oxide coating. As a result, the present
inventors have reached the following conclusions.

First, the anodic oxide coating exhibits more excellent
plasma resistance as the porous layer has a pore diameter and écell
diameter smaller at the top thereof. The reason thereof is as
follows. If the diameter of pores and cells is large at the top,
plasma is likely to concentrate to the peripheries of pores on the
surface of the anodic oxide coating. This makes micro-localized
plasma condition on. the surface of the anodic oxide coating.
Contrary to this, if pores have openings with small diameter at the
top, the uniformity of the surface of the anodic oxide coating is
increased, so that the localized concentration of plasma can be
prevented. In addition,_t'he small pore diameter makes it difficult
for gas and plasma components to penetrate into the anodic oxide
coating, and to accumulate onte the surface of porous layer in the

form of any compound.

13



[err] As is obvious fromthe results shown in Table 4,

the test . pieces Nos. 1 to 9, satisfying the conditions of the present
i nventi on, exhi bited the excellent resistance to gas corrosion and

pl asma. On the other hand, the test pieces Nos. 10 to 14,
corresponding to the 5 conparative exanples and not satisfying one or
nore conditions of the present invention, exhibited the insufficient

resi stance to gas Secondothesanodihexdde goadiag exhibits mxarpiexcellent
resistance to gas corrosion as the porous layer has a pore diameter
and a cell diameter larger at the bottom thereof. The reason
thereof is as follows. If the diameter of pores and cells is large, a
5 substantial surface area of inside the pore becomes small, so that an
area capable of reacting with corrosive gas becomes small.
Consequently, the internal structure of anodic oxide coating is hard
to be adversely affected by the change in volume thereof due to
reaction products. |

10 Third, an anodic oxide coating exhibits more excellent
resistance to gas corrosion as the thickness of barrier layeris larger.'
The reason thereof is as follows. As described above, the barrier
layer prevents a corrosive gas from coming into contact with the
base material made of aluminum or its alloys. However, there are
15 some corrosive gases which will gradually penetrate into the barrier
layer when the base material is left in such a gas atmosphere for a
long time. Accordingly, it is desirable that the barrier layer has a
large thickness in order to shield a corrosive gas and also to achieve
excellent gas corrosion resistance even when the base material is

20 left in a corrosive gas atmosphere for a long time.

From the above point of view, it is desirable that a porous
layer has a structure in which a pore diameter at the top thereof is
as small as possible, while a pore diameter at the bottom thereof is
as large as possible so that a barrier layer has a large thickness.

.25 The present invention does not limit the pore diameter to

14



10 As shown in Table 5, various alum numalloy plates were
provided with an anodi ¢ oxide coating having different structure form
each other. These alum numalloy plates were used as test pi eces.
Table 5 al so shows the change in the structure of each 15 porous |ayer by
means of a pore dianmeter, kinds of electrolytic solutions used in
anodi zi ng, and the thickness of each anodi c oxide coatin

Repeating the specifior vadizen tEstthmmdresenpl invention, at dedstirthen poast
conducted in Exanple 1, the test pieces were tested 20 to evaluate their
resi st ancedi am@ter atrthesbottomn dfthasperoushkatasis largerrthan tlsatine theown in

ranie s top thereof, thereby enhancing the corrosion resistance. In order
to achieve excellent plasma resistance, it is desirable that the pore
5 diameter at the top is 80nm or less, and more preferably 50nm or
less, and the most preferably 30nm or less. In order to achieve
excellent gas corrosion resistance, it is desirable that a barrier
layer has a thickness of 50nm or more, and more preferably 80nm or
more.

10 Furthermore, in the present invention, it is enough that
the pore diameter of the porous layer is larger at the bottom thereof
than at the top thereof, and the pore diameter of the intermediate
portion between the top and the bottom is not limited to the specific
value. Therefore, the intermediate portion méy include a section

15 where its pore diameter continuously changes, a section where its
pore diameter discontinuously chahges, and a section where its pore
diameter remains constant. These sections may be mixedly
present in the intermediate portion. The pore may have a section
with a decreased diameter in a way from the bottom to the top, or

20 the pore may disappear in a way from the bottom to the top.

When a pore diameter continuously changes, there are
various change patterns. For example, a pore diémeter gradually
increases from the top tothe bottom, or may gradually increasé from
the top toward the base side, and then, decrease at any point, and

25 after that, increase toward the bottom again.

15



48 Table 5 Structure of Ki nd of porous

| ayer Treat nent Thi ckness of Gas Pl asma No. Al

al | oy met hod anodi ¢ oxide corrosion irradiation
Nunbers of Pore coating ([err] mtest t est | ayer
di anet er 2 a : 15

[err] [err]I Exanpl e of 5000 present 2 series 3

b n @dstion, the[ porpus lay¢wrodn haveeatmodtilayered 3

2 C 35 [err] [err] d
anodi zi ng dtrugd®Qfe, wheredtwo or more layeasrwith a pore diamdier dafferent

e 45 [err] [err] Conparative 6 2

f from each ofRer are accumhdatéd, so that tH&€poreedititRbfer of the

porous layer gradually changes. In this case, it is desirable that
S the differences in the pore diameters among these layers are as
small as possible, and that the layer positioned in the middle
portion of the porous layer has pores whose diameter continuously
change, so fhat the pores have tapered surfaces. The structure of
porous layer may be selected depending on the application site in
10 the vacuum chamber and chamber parts. |
In the above description, the internal structure,
specifically a pore diameter, of the anodic oxide coating changes in
the depth direction. In this case, if the elrectrolysis is conducted
while changing its conditions to change pore diameters, the surface
15 of anodic oxide coating does not always have pores of uniform
diameter. In many cases, the pore diameter is nonuniform
depending on the shape of surface and the area where pores are
formed. Therefore, the surface areas which require especially
high plasma resistance can be selectively treated in such a manner
20 as to have a diameter as small as possible. As a result, theré may
be some portions which do not satisfy the requirements of the
present invention, but it is enough that the total structure of the
anodic oxide coating satisfies the requirements of the present
invention.

25 In some cases, pores are sealed after the completion of

16



7 1 g 0. 02 X x 5000- 8
series - - : X X * Remarks : Pore

di aneter of each | ayer a : top 10 ~ 25 nm (sulfuric aC|d) /50 ~ 120
n m (phosphoric acid) :bottom ‘b top 2 0 ~ 25-nm (sulfuric

aci d-oxalic acid) /30 ~5 0 n m(sulfuric acid -oxalic acid)
/30 ~120 n (phosphoric acid) :bottom c: top: 15~50nm
(phosphoranodmmg/ €This- tEsCGment iphefphved ctacad) a pdret tsemling d
top: 20 ~25nm (sulfuric acid-oxalic acid) /3 0 ~ 120 n

m (phosphiateiatmeenitd) In HMe pr22ént inveptdephehecpews dpaling treatment / 100
~ 250 n m (phosphoric acid) : bottom e: top: 10~15nm

( sul furicese Ib@)cdn&l&ed 4s Fab 49 u(MAé‘ Hbt ‘id%'rgeWQHe‘Et %ﬁbcﬁuaht%
/ 100 ~1 n m (phosphoric acid) m (phosphoric acid)

égqu l:l’ |2c‘§laeg| %O@IC &%%p%ﬁﬁf&%iﬁgén%e%?%ttggaq reseélé: i H}‘}é}&olgflt ngﬂe
top op(?remseélsluI f thea xr?ecﬁéj is user?lt Eo achieve the coating performance
as has been conventionally reported. Accordingly, as far as the
entire structure of the anddic oxide coating satisfies the
requirements of the present invention, it is possible to achieve the
effect intended in the present invention.
10
In the present inventioh, the thickness of anodic oxide
coating is not limited to a specific value; however, a preferable
thickness to achieve excellent corrosion resistance is 0.05 £ m or
more, and more preferably 0.1 & m or more. In this case, if the
15 anodic oxide coating has too large thickness, internal force is
generated to cause cracks, resulting in insufficient coating quality
or peeling. Therefore, the desirable upper limit of the thickness is
50 £ m. In other words, with a thickness of more than 50 « m, it
becomes difficult for the anodic oxide coating to reduce internal
20 force by itself. This may cause the anodic oxide coating to crack
and peel off, resulting in generating defective products.
In the present invention, there is no limitation on a kind of
solution used for electrolysis. The solution may contain, for
example, an inorganic acid such as sulfuric acid, phoéphoric acid,

25 chromic acid, or an organic acid such as formic acid and oxalic acid.

17



49 The anodi ¢ oxide coating of the test pieces Nos.
1to5 had a porous | ayer including two or nore |ayers and havi ng

- pores with a di anet er whi ch changed continuously. As is obvious from
. the 5 results shown in Table 5 the test pieces Nos. 1 to 5, satisfying
“the

It is recommended, however, to use solution containing 1 gram or
more of oxalic acid per 1 liter of the solution, because the use of such
a solution enables the electrolytic voltage in anodizing to be
arbitrarily controlled in a broad range. Figure 3 is a graph
5 illustrating a relationship between the electrolytic voltage and the
current density when an anodic oxide coating is formed under
various electrolytic conditions using three kinds of anodizing
solutions containing sulfuric acid, oxalic acid, and phosphoric acid,
respectively. With a sulfuric acid solution, an anodic oxide coating
10 is formed at a high rate, because the current density greatly
changes when the electrolytic voltage is changed. With a
phosphoric acid solution, an anodic oxide coating is formed at a low
rate, because the current density slowly changes even though the
electrolytic voltage is greatly changed. From this result, it can be
15 said that when a sulfuric acid solution is used, an anodic oxide
coating is formed at too high rate to control the coating thickness.
On the other hand, when a phosphoric acid solution is used, an
anodic oxide coating is formed at too low rate, resulting in poor
production efficiency. Contfary to this, when an oxalic acid
20 solution is used, the change in current density with respect to the
electrolytic voltage is in the middle value between that using a
sulfuric acid solution and that using a phosphoric acid solution. In
addition, when using an oxalic acid solution, the structure of anodic
oxide coating can be easily controlled with less deterioration of

25 production efficiency than the case of using a phosphoric acid

18



conditions of the present invention, exhibited the excellent

resi stance to gas corrosion and plasna. On the other hand, the t est

pi eces Nos. 6 to 8, corresponding to the conparative exanpl es and not
satisfying one or nore conditions of the present invention, 10 exhibited
the insufficient resistance to gas corrosion and/or plasna. EXAMPLE
6 As shown in Table 6, various alum numalloy plates were
15 prOV|de§0buhhnan anodi ¢ oxi de coating having different structure
fromeach other. In Exanple 6, an oxalic acid solution was used as an
electrolytic solution. These alum num all oy plates were used as t est
pi eces.” Table 6 al so shows the change in structure of each por ous

| ayer by means of &sp¥sRriedRibyvelndh tdodid 6%I®S Todki %ta?x?s %ﬂ

oxi de coati ng. Repeatlng t he gas corrosion est and e plasm

resistance to gas corrosion and plasma by controlling the structure
5 thereof. The present inventors have conducted further studies,
and have found that further -improvement in corrosion resistance
can be achieved by adjusting a composition of components of anodic
oxide coating. More specifically, an anodic oxide coating gains
further resistance to gas corrosion and plasma when it contains two
10 or more elements selected from the group consisting of carbon,
sulfur, nitrogen, phosphorus, fluorine, and boron (hereinafter,

referred to as present elements in some cases.).
When an anodizing solution contains an organic acid such
as oxalic acid and formic acid, the produced anodic oxide coating
15 contains a carbon-containing compound such as HCOOH and
(COOH): (or a compound containing C«OyH. groups such as -COs, -
C204, and -COOH, where x, y, and z are integers satisfying the
conditions of x= 1, and y and z20). Accordingly, when an organic
acid solution such as oxalic acid solution is used in anodizing, one
20 or more elements other than carbon, selected from the group
consisting of sulfur, nitrogen, phosphorus and boron, is added
thereto, so that the anodic oxide coating contains two or more
elements. Below-described are examples of compounds to be added

to the anodizing solution.

25 (1) In the case where sulfur is added to an anodizing solution:
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Irradiation test conducted in Exanple 4, the test pieces were tested
to evaluate their resistance to gas corrosion and plasm. The test

results are shown in Table 6. 50
Table 6 Structure of

porous | ayer Treatment Thi ckness of Gas Pl asma  No.

Ki nd of anodi ¢ oxi de corrosion irradiation
Al all oy Nunber ofAnpelement such as HoSO4, Al: Qs )srapd therlikp is added

t est | ayers di aneter* 2

a foan anodizing solution, so that th[eepr(}duced ajpardit dixda‘pdoatimig

5000- present 2 series 2 0.2
[err] containjsera Jsulfupsontadiing compound such as H.SOi, H:SOs,

Al:(S04)s, AI(HSO.)s and the like (or a compound containing S.O,H,
5 groups such as -S04, -SOs, -HSO, and the like, where x, y, and z are

integers satisfying the conditions of x= 1; and y and z= 0).

(2) In the case where nitrogen is added to an anodizing solution:
An element such as HNOs, A1(NOs)s and the like is added to
10 an anodizing solution, so that the produced anodic oxide coating
contains nitrogen-containing compound such as HNOs;, HNO.,
Al(NOs)s and the like (or a compound containing N:OyH. groups
such as -NOs, -NO: and the like, where x, y, and z are integers
satisfying the conditions of x= 1, and y and z=0).
15
(3) In the case where phosphorus is added to an anodizing solution:
An element such as HsPOy4, H3POs, AIPO; and the like is
added to an anodizing solution, so that the produced anodic oxide
coating contains phosphorus-containing compound such as HsPOy,
20 H:PHOs, AlPO. and the like (or a compound containing P:O,H.
groups such as -POy, -HPO.,, -H2POy, -HPHO: and the like, where x,
¥, and z are integers satisfying the conditions of x= 1, and y and z

20).

25 (4) In the case where fluorine is added to an anodizing solution:
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: 3 c 5 Lerr] Lerr]

oxal ic 4 2 d acid 35

[err] [err] 6000- anodi zi ng

5 series 5 e 0.8 [err]
[err] Conparative 6 2 f 60

[err] [err] exanple 1000- 7 series 1

g An eleiefi8 such as hydragen fluoride is added to a® 5000-
1 h 2 X [err] series

* Remarks ppRedezigigansdilaticd, eacihhsyehe produced anodic aoxidepcoalting20
nn1§30 200 ngh : bott%21 ctop : 2 0~2 5 nm 80~160nm bottom
C op : m]pfiﬂﬂm] bottom d:to

: 0~ 2 g t"amli 5%8 ﬁg% c%%%amgi@?ca e :top : 10- 15 P
nn130~ 50 nm80 ~ 1 20 nm /8 0 ~120 nm8 0 ~2
50 nm : bottom f :top : 10nn120nm bott om

2 op (g) fmthtzzodase where boron is added t6 0apn anjadlzmé:nsbh?ﬁ'i)}xom
An element such as (NH4):B1O7, HsBOs and the like is
added to an anodizing solution, so that the produced anodic oxide
coating contains ‘boron-containing compound .such as B:20s,
(NH,):B4O7 and the like (or a compound containing B:OyH. groups
10 such as -BOs, -BiO: and the like, where x, y, and z are integers

satisfying the conditions of x= 1, and y and z= 0).

The compodnd is added to the anodizing solution in the

amount of 0.1 gram or more per 1 liter of the solution upon being

15 converted into the amount of each element, i.e., sulfur, nitrogen,
phosphorus, fluorine and boron. With the amount of less than 0.1

gram per 1 liter, it is difficult to achieve remarkable effect.

As already described, when an oxalic acid solution is used

20 as an anodizing solution, the produced anodic oxide coating
contains carbon-containing compound derived from the oxalic acid.
Therefore, it is enough that one or more present elements other
than carbon (i.e., sulfur, nitrogen, phosphorus, fluorine and boron)

is added to the anodizing solution. When a sulfuric acid solution is

25 used as an anodizing solution, the produced anodic oxide coating
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51 The test pieces Nos. 1 to 5 had a porous |ayer
I ncl udi ng two

contains sulfur-cdntaining compound derived from the sulfuric acid.
Therefore, it is enough that one or more presen.t elements other
than sulfur (i.e., carbon, nitrogen, phosphorus, fluorine and boron)
is added to the anodizing solution. Depending on the element
5 originally contained in the anodizing solution, a compound
containing one or more other present elements is added to the
anodizing solution. As a result, the produced anodic oxide coating

can contain two or more present elements.

10 Besides the method in which the above-described
compound is added to the anodizing solution, it is possible to employ
other methods for allowing two or more present elements to be
contained in the anodic oxide coating. For examble, it is possible
to use the base material made of aluminum alloy containing the

15 present elements as an alloying element. It is also possible to
allow the present elemeni!s to be contained only in the surface layer
of the base material by a surface reforming method such as ion
implantation, which is then subjected to anodizing. In any of
these methods, the produced anodic oxide coating contains two or

20 more present elements, thereby gaining the enhanced resistance to

gas corrosion and plasma. -

In order to enhance the resistance to gas corrosion and
plasma, the preferable amount (in the unit of weight %) of the

25 present elements to be contained in the anodic oxide coating is as
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or nore |ayers having pores with a dianmeter which changed

cont.i nuousl y. As is obvious fromthe results shown in Table 6, t he
test pieces Nos. 1 to 5, satisfying the conditions of the present 5

i nvention, exhibited the excellent resistance to gas corrosion and

pl asma. On the other hand, test pieces Nos. 6 to 9, corresponding to
the conparative exanples and not satisfying one or nore condi ti ons of
the presenfollowsnt II@nth@wSI@ éfdathen) theffreferable amodrﬁﬁi§03®P% bP gas
corrosion and/or plasm. EXAMPLE 7 shown in

Table 7, Va{dr@Uuainal HB @fe&ablf'oaswow@re In ehe\ea%sdo herﬂughtﬁélod' c

oxi de coati ng having different structure from eac

al um num a4 0bBH ComiEhft 19 08% 'iSnore, aRlEB%e JAlSal1F'SR SPOVS the

nunber of Tayers inc
more. In the case of nitrogen, the preferable amount is 0.01% or

5 more, and more preferably 0.7% or more. Inthe case of phosphorus,
the preferable amount is 0.015%, and more preferably 1% or more.
In the case of fluorine, the preferable amount is 0.01%, and more
preferably 0.5% or moi'e. In the case of boron, the preferable
amount is 0.015%, and more preferably 0.3% or more.
10
In the present invention, an aluminum alloy used for a
base material is not limited to a specific kind. However, it is
desirable that the vacuum chamber is made of 1000-series alloy,
5000-series alloy, and 6000-series alloy due to their excellent
15 mechanical strength, thermal conductivity, electric conductivity,
and corrosion resistance. A 1000-series alloy is a high purity
aluminum-series alloy. A 5000-series alloy is desired to contain at
least 0.5 or less weight% of silicon and 0.5 to 6.0 weigth% of
magnesium as alloy contents. A 6000-series alloy is desired to
20 contain at least 0.2 to 1.2 weight% of silicon and 0.4 to 1.5 weight%
of magnesium as alloy contents. The components of the chamber
may be made of 2000-series alloy and 7000-series alloy besides
5000-series alloy and 6000-series alloy. Itis known thatthe use of
aluminum alloy containing magnesium, silicon, copper, iron and

25 the like as alloy contents enhances the resistance to cracks of the
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porous | ayer, a pore dianmeter at a top and a bottom of each porous

| ayer,

ki nds of electrolytic solutions used for anodi zing, and the

t hi ckness of each anodi c oxide coating. 20 In order to eval uate

t he corrosion resistance to a hal ogen-

pi eces,

10

15

20

25

contai ning gas for the test

a gas corrosion test was conducted by using 10% of m xed gas
of Cl[err] and Ar at a tenperature of 350[err]C for 4 hours.
conpl et i oanoflic hexidsst coatimg geneyntedr dbirebaght Sreqpencys amab bigh uat ed
under the follow ng 25 standards.
<gas corrtanperhtste (heat cycle), anflereducé®d imdernal dioreasingider ehed.

anodic oxide coating. Especially, a 6000-series alloy has a high
performance when including magnesium and silicon as alloy
contents, and the performance can be fﬁrther increased by
conducting thermal treatment at the final step of the production

thereof.

Next, the second invention will be described.

In the second invention, the surface of the base material
made of aluminum alloy is anodized under the condition where a
final anodizing voltage is higher than an initial anodizing voltage.
In this order, an anodic oxide coating is formed with an internal
structure which provides excellent resistance to both the gas
corrosion and plasma.

In order to suppress the reaction with plasma, the porous
layer is required to have a smooth surface with a small pore
diameter and a small cell diameter. In the formation of anodic
oxide coating, the anodizing proceeds starting from the surface of
the base material along the depth direction, and the bottom end
structure is dependent on the anodizing voltage. Once the
formation of the anodic oxide | coating is completed, the pore
diameter and the cell diameter thereof never change even by the
application of anodizing voltage. As a result, it is preferable that
the initial anodizing voltage is set at low level, and specifically, at

24
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[err]: Corrosion was generated in an area of |ess than 5% of t est

piece. 5 [err]: Corrosion was generated in an area in the range
bet ween 5% or nore and | ess than 10% of test piece. [err]:
Corrosion was generated in an area of 10% or nore of test piece. 10
In addition, in order to evaluate the resistance to plasma for the
test pieces,.a chlorine plasma jrradiation_test was conducted under
the | ow bi5§sVP‘6&ea_32(ﬁ m&preﬁmﬁwm@%ﬁwt hOn the other hamb et ched
depth of the test pieces was neasured and eval uat ed under the

fol | owi ngistandeariesreduce thednternal fettcetinmdeddre-anodic oxide coatifgrr]:
Test piece was etched in a depth of less than 1.5 [err] m
[err]: Tesndieprewenteflnhatodic axidptdvating feomaogeckinigvaad peeling
off, the bottom end structure of the porous layer is required to have
5 a large pore diameter and large cell diameter. Further, more
excellent gas corrosion resistance can be achieved if the anodic
oxide coating has a barrier layer with large thickness at the
interface between the porous layer and the base material. Taking
these points into consideration, a final anodizing voltage is
10 required to be higher than an initial anodizing voltage. It is
preferable that the final anodizing voltage is set at 30V or more,
and more preferably 50V or more, and the most preferably 70V or
more.
When the final anodizing voltage is higher than the initial
15 anodizing voltage, the anodizing voltage may be continuously
changed in the entire anodizing process, or may be changed
stepwiﬁe_.._ Specifically, th.e anodizing voltage may be continuously
or discontinuously changed for an arbitrary period in the anodizing
process, or may be kept constant for an arbitrary period in the
20 anodizing process. |
As described above, an anodizing voltage is changed for a
specific period in the anodizing process so that an anodic oxide
coating is formed with a changing internal structure. Thus-
formed structure is effective of reducing the internal force and the

25 volumetric change of the anodic oxide coating resulted from the
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1.5 [err] mor nore and less than 2 [err] m [err]: Test
pi ece was etched in a depth in the range between 2 20 J[err] mor nore and

|l ess than 5 [err] m [err]: Test piece was etched in a depth
of 5 [err] mor nore. The results of gas corrosion test and
the plasma irradiation test are shown in Table 7.

53

contac[tevrvﬂh gas or plasma during the use of the vacuum chamber.
As a result, it is possible to prevent the anodic oxide coating from
cracking or peeling off, which may otherwise cause corrosion and
dam.age, thereby enhancing the resistance to gas and plasma.

5 FIG. 4 is a diagram illustrating voltage patterns when an
electrolytic voltage is continuously changed. As seen in FIG. 4, a
voltage level may be gradually increased starting from the
initiation of electrolysis, or a voltage level may be increased to a
certain level and then decreased, and again increased. FIG. 4

10 illustrates the patterns when an electrolytic voltage is linearly
changed; however, an electrolytic voltage may be curvedly changed.
FIG. 6 is a diagram illustrating patterns when an

electrolytic voltage is changed stepwise. As seen in FIG. 6, an
electrolytic voltage may be intermittently increased, or may be

15 increased continuously, or may be decreased once and then again
increased. When the electrolytic voltage is changed stepwise, it is
recommended that the increase and decrease in the voltage values

are continuous or small. In this manner, an anodic oxide coating

has a structure with continuity in the depth direction, thereby

20 avoiding the formétion of portions to which the internal force easily

concentrates.

Next, the third invention will be described. The present
inventors have found that, in order to form an anodic oxide coating

25 excellent in the resistance to both gas corrosion and plasma, in
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As is obvious fromthe results shown in Table 7, the test pi eces Nos.

1to 9, satisfying the conditions of the present invention, exhi bi ted
the excellent resistance to gas corrosion and plasnma. On t he ot her
hand, the test pieces Nos. 10 to 13, corresponding to the 5 conparative
exanpl es and not satisfying one or nore conditions of t he present

I nvention, exhibited the insufficient resistance _to gas corrosion
and/ or pl agddition to giérwPichanging structure to theapoyewartype Pandics,
various alum num alloy plates were provided wi th an anodi c oxide

coati ng hagkide ¢ohtimignthetporwius éype anodizing and the non-porous type
anodizing are performed to form a barrier layer with a thickness as
large as possible.

5 As shown- in FIG. 8, the base material 1 of the vacuum
chamber and chamber parts made of aluminum or its alloys is
subjected to the porous-type anodizing so as to form the porous
layer 4 and the barrier layer 5. Then, the non-porous type
anodizing is performed thereto so that the barrier layer 6 grows.

10 As a result, the vacuum chamber or chamber part is excellent in the
resistance to both gas corrosion and plasma.

As described above, the porous type anodizing may be
conducted using a solution containing any one of sulfuric acid,
phosphoric acid, oxalic acid and chromic acid, or a mixture thereof

15 under the electrolytic voltage in the range between 5V and 200V.
On the other hand, the non-porous type anodizing for forming a
barrier layer with no pores may be conducted using a boric acid-
base solution, a phosphoric acid-base solution, a phthalic acid-base
solution, an adipic acid-base solution, a carbonic acid-base solution,

20 a citric acid-base solution, a tartaric acid-base solution, and a
sodium chromate-base solution, or a mixture thereof under the
electrolytic voltage in the range between 60V and 500V.

In the present invention, the porous-type anodizing may be
conducted under the electrolytic voltage at a constant value;

25 however, it is recommended that a final anodizing voltage is higher
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fromeach other. These alum numalloy plates were used as test pi eces.
Table 8 al so shows the change in the structure of each 15 porous |ayer by

nmeans of a pore diameter, kinds of electrolytic solutions used in
anodi zi ng, and the thickness of each anodi c oxide coati ng.
The test pieces were tested to evaluate their resistance to gas

corrosion and plasma repeating the gas corrosion test and.the 20 plasm
i rradi ati obhansan doatiadt aulodiziEgawpltage, setbaptthdapore iagaster at ther r osi on

test was conducted at 350[err]C for 5 hours and the chlorine pl asma
- irradiati otop eftpovassdaydndednies 1dEfentinan est. thhbBottosh thereof.esThes are
shown in Tabl e 8. ' 55

reason thereof is as follows. In order to achieve excellent plasma
resistance, it is preferable that the porous layer has pores with
5 small diameter at the top thereof, while in order to achieve
excellent gas corrosion resistance, it is preferable that the porous
layer has pores and cells with large diameter at the bottom thereof.
More specifically, the initial anodizing voltage is preferably set at
50V or less, and more preferably 30V or less. On the other hand,

10 the final anodizing voltage is preferably higher than the initial
anodizing voltage, and the specific value thereofis 30V or more, and
more preferably 50V or more, and the most preferably 70V or more.

When the final anodizing voltage is higher than the initial
anodizing voltage in porous-type anodizing, the voltage may be

15 continuously changed in the entire anodizing process, or may be
changed stepwise. More specifically, the voltage may be
continuously or discontinuously changed for an arbitrary period in
the entire anodizing process, or may be changed for an arbitrary
period while being kept constant for the other arbitrary period.

20 As described above, in the formation of the porous-type
anodic oxide coating, the anodizing voltage is changed for an
arbitrary period in the anodizing process so that the produced
anodic oxide coating has a changing internal structure. This
structure reduces the internal force or the volumetric. change of the

25 anodic oxide coating due to the contact with gas or plasma during

28



[err] ' As is obvious fromthe results shown in Table 8,

the test pieces Nos. 1 to 7, satisfying the conditions of the present
i nventi on, exhi bited the excellent resistance to gas corrosion and
pl asma. On t he other hand, the test pieces Nos. 8 to 11, corresponding

to the 5 conparative exanples and not satisfying one or nore conditions of

the present invention, exhibited the insufficient resistance to gas
corr osi on thednee of easum chamber. As a result, it is possible to prevent

the anodic oxide coating from cracking or peeling off, which may
otherwise cause corrosion and damage, thereby enhancing the
resistance to gas and plasma.

5 An anodizing voltage may be continuously changed. In
this case, for example, the voltage may be gradually increased
étarting from the initiation of electrolysis, or may be increased to a
certain level and then decreased, and reincreased. FIG. 6 is a
diagram showing voltage patt‘erns when the electrolytic voltage is

10 changed stepwise. As shown in FIG. 6, there are several methods
for changing the electrolytic voltage. Patterns A and C show the
case where the electrolytic voltage is intermittently increased.
Patterns B and C show the case where the increase in the voltage
level is continuous. Patterns E and F show the case where the

15 electrolytic voltage is increased and then decreased, and
reincreased. When an electrolytic voltage is changed stepwise, it
is recommended that the increase and decrease in the voltage are
continuous or small. In this manner, the anodic oxide coating is
provided with a structure having continuity in the depth direction,

20 thereby avoiding the formation of portions to which the internal

force is easily concentrated.

In the present invention, a pore diameter of the porous-
type anodic oxide coating is not limited to a specific value; however,

25 a pore diameter at the bottom is larger than that at the top. With
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EXAMPLE 9 10 As shown in Table 9, various alum num al |l oy

pl ates were provided with an anodi ¢ oxi de coating having different
structure fromeach other. These alum num all oy plates were used as
t est pi eces. Table 9 al so shows the change in the structure of each

15 porous |l ayer by nmeans of a pore dianeter, kinds of electrolytic

sol utions ysed in anodi zj ng, and. the thickness of .each anodi c oxi de
coating. thls structure, ﬁaet%@a%égsm%ﬁ crhanerd uhe ondey; to
resi stance to gas corrosion and plasnma_repeating thedgfs corrosion

test and taghieye pxeelient plasmaixgsistanceobtiiatpreferablearthias a, pereept
that the gas corrosion test was conducted at a tenperature of
370[ err] C diamétéroat the top daadB0dm ohllessneand amre prefediadbly F0nmsdr was
conducted for 180 m nutes. The test results are shown in Table 9.
less, and the most preferably 30nm or less.
5 In the present invention, the thickness of the porous layer
is not limited to a specific value; howevei’, in order to achieve
excellent corrosion resistance, it is preferable that the thickness of
the porous layer is 0.05 & m or more, and more preferably 0.1 um
or more. The_: desirable maximum thickness is 50 &£ m, because if
10 the thickness is too large, the porous layer may have cracks due to
the internal force. This may cause problems such as insufficient
coating performance or peeling of the anodic oxide coating. More
specifically, if the porous layer has a thickness of larger than 50 u«
m, it may be difficult for the anodic oxide coating to reduce its
15 internal force by itself. In this case, the anodic oxide coating may
have cracks and peel off, causing a problem of producing defective
products.
Further, in order to achieve excellent gas corrosion

resistance, it is preferable that the barrier layer has a thickness of

20 50nm or more, and more preferably 80nm or more.

Next, the forth invention will be described.
Even though the above-described surface treatment is
conducted in the formation of anodic oxide coating, it is impossible

25 to completely avoid the penetration of corrosive elements into a

30



57

10

15

20

25

[err]

base material. During the use of a vacuum ¢hamber or chamber
part, corrosive elements passes, though very slowly, through an
anodic oxide coating and penetrate into a base material made of
aluminum alloy. Therefore, in addition to the improvement of
surface treatment technique, it is also import'ant to enhance the
corrosion resistance of material itself used for a vacuum chamber
and chamber parts.

Depending on desired physical properties, an aluminum
alloy is provided with several kinds of alloying elements, and at
least iron and silicon are always contained as inevitéble impurities.
A 1000-series alloy, which is not positively provided with alloying
elements, also may contain a certain amount of iron and silicon as
inevitable impurities. Accordingly, when using a 1000-series
aluminum alloy, the base material contains at least 1000-type
precipitates which have been already described. Duralumin made
of 2000-series alloy has the high strength resulted from the
dispersion curing effect of deposits. Accordingly, a vacuum
chamber made of aluminum alloy contains precipitates such as
precipitates or deposits containing inevitable impurities, alloying
elements and the like.

However, the presence of the precipitates and/or deposits
seriously impairs the corrosion resistance, and therefore, is not
desirable. More specifically, halogen elements such as chlorine,
fluorine and bromine have high corrosivity and penetrate into a

base material made of aluminum, causing corrosion of the base
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As is obvious fromthe results shown in Table 9, the test pi eces Nos.
1 to 6, satisfying the conditions of the present invention, exhi bi ted
the excellent resistance to gas corrosion and plasnma. On t he ot her
hand, test pieces Nos. 7 to 9, corresponding to the 5 conparative
exanpl es and not satisfying one or nore conditions of t he present

I nventi on, ethbEtedvéﬂggins fficient resistance to gas . corr.osi on
and/ or pl Fegherial. VALPag§ material contains paecimtases nandie 10,

various alum numalloy plates were . used as test pieces, which had a
conposi ti dlepegitsfyalagemelements ayeiliksisrtosp enetraiaiade thedmderfade
Standard. The al um num alloy plates were dissolved in the atnobsphere
and cast edbettween dthe gfrecipitatéeran doxedepdbitsr anud tthet bass mwteraaheal ed
for honobgeni zation at 480[err] C for 4 hours, and after that, was
subj ect ed thadeosf gkimifiu@d. Or In order to ensure corrosion resistance, it is
5 deSiraBle that a base material contains precipitates and/or deposits
in an amount as small as possible. However, in order to reduce the
content of inevitable impurities such as iron and silicon to the level
as low as possible, it is necessary to prepare an aluminum alloy
having extremely high purity. This requires high cost and thus is
10 not practical.
The present inventors have conducted studies to enhance
the corrosion resistance bf base material made of aluminum alloy on
the assumption that precipitates and/or deposits are present
therein. As a result, it has been found that when precipitates
15 and/or deposits are present in a minute and uniform state, or are
arranged in paraillel with the largest area of the base material, the
base material is excellent in corrosion resistance. More
specifically, the precipitates and/or deposits are arranged not to be
present continuously with respect to the direction along which the
20 corrosive elements penetrate. With this arrangement, the base
material has the high resistance to both gas corrosion and plasma.
In order to achieve excellent resistance to corrosion, it is
effective that the precipitates and/or deposits have a diam'eter of 10 .

M m in average. With a small diameter, precipitates and/or

25 deposits lose continuity and easily keep adequate spaces each other.
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hot rolling at 450[err]C. The reduction rate of thickness by hot rolling
was 80% and the extrusion ratio of the hot extrusion was 4.
Usi ng a scanning el ectron m croscope, a cross section of the 20 test

pi eces was observed to obtain an average di aneter of- precipitates
and/ or deposits. Sone of test pieces were subjected to | mage anal ysi s
to calculate their volunetric proportion. An average dianeter, a

vol umet ri ¢ Aw apresilonthermbransmn aegistance is enhapsed: orﬂgbqi Hﬂe@érﬁlﬂiﬂ%t es

and/ or deposits are shown in Table 10. In 25 Exanple 10, an arrangenent
di rection igvdirageedibhretdirr o€t ppeciplituies is 6 4 m or less, and more
59 whi ch precipitates and/or deposits are arranged with
respect todA®rably 3 ©# m or less. The preferable average diameter of
deposits is 2 &« m or less in average, and more preferably 1 & m or
5 less. In this case, if some particles have too large diameter even
though the average diameter falls within these ranges, the
corrosion resistance may be adversely affected. Accordingly, the
maximum diameter of the precipitates and/or deposits is preferably
15 1 m or less, and more preferably 10 & m or less.

10 In some environment where a vacuum chamber or chamber
part is used, deposits may grow and gain their diameters during use.
In spite of such a situation, the maximum diameter thereof
preferably falls within the above-described ranges. However, in
the case where a vacuum chamber is used in the environment that

15 does not allow the particle diameter to stay within these ranges, it
is desirable to select a base material having deposits with a
diameter as small as possible (specifically, a base material having
deposits with an average diameter of 2 4 m or less, and more
preferably 1 4 m or less).

20 In order to disperse precipitates and/or deposits in a
minute form in an aluminum alloy, a content of alloying element
and inevitable impurities in an alloy composition is reduced to the
level as low as possible. Besides this method, there is also a

method in which a casting rate is controlled. More specifically, in

25 casting, a cooling rate is increased to the level as high as possible,
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| argest area of test piece to which the foll ow ng gas corrosion

resi stance test and the plasma resistance test were conduct ed.
corrosion test>

5 <gas
In order to evaluate the corrosi on resistance

to a hal ogen- containing gas for the test pieces, a gas corrosion test

was

terrperatur%
appear ancethemigbyofcondze
<gas corrosion test> ) [ er ré: No corrosion was generat ed.
[err]: Corprepariemofigthe presipitates anda

pi ece.
range

conducted by using 5% of mxed gas of Cl[err] and Ar at a

Iipgc dhenayeragey Aigan etareran

cindingerti0dmocasting asdprefepabhan ‘P0%eofor asdrai aad more

X: Corrosion was generated in an area of 20% or nore of

10

15

20

25

preferably 10°C/sec or more.

The particle diameter, the shape, and the distribution
state of the deposits can be controlled by performing thermal
treatment at the final step of producing the base material (for
example, T4, T6). Specifically, the liquefaction is performed at a
temperature as high as possible (for example, the temperature is
increased to the level immediately before the solidification is
started.) so as to form a supersaturated solid solution, and after
that, multistage aging treatment such as a double stage treatment
and a triple stage treatment is performed. As described above,
even after the casting, the diameter of deposits can be further
decreased by performing the above-described thermal treatment.

Moreover, in hot extrusion or hot rolling performed after
the casting, the precipitates and/or deposits are likely to be
arranged along the directions of extrusion and rolling. Even when
the aluminum alloy containing the precipitates and/or deposits
arranged along a specific direction is used for the base material,
depending on the shape of each vacuum chamber, the largest area of
the. base material is made to be parallel with the arrangement
direction thereof, thereby enhancing the corrosion resistance.

FIG. 9 and FIG. 10 are micrographs showing precipitates

and/or deposits viewed from the cross-section of the vacuum
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efodits dot small 99dves. Tha est
15 [err] : Corrosion was generated in an area in the
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test piece. 20 In addition, in order to eval uate the

resi stance to plasna for the test pieces, a chlorine plasm
“irradiation test was conducted under the | ow bias. 15 m nutes of

. plasma irradi ati on was repeated 6 times at 5 mnute intervals. Upon
. conpletion of the test, the test pi eces were eval uated under the
' standards sane as those used for 25 the gas resistance test.

60 chamber. TW¢hitesobloreds pprdiows resé oprecipitates tdred pblack:

irradiation test are shown in Table 10.
colored portions are deposits. In both FIG. 9 and FIG. 10, the

upper side is the surface of the vacuum chamber where an anodic
oxide coating is formed. In FIG. 9, the precipitates and/or the
5 deposits are arranged in perpendicular to the surface of the vacuum
chamber. InFIG. 10, the precipitates and/or deposits are arranged
in parallel with the surface of the vacuum chamber. In FIG. 9,
there are some precipitates and/or deposits having a diameter of
more than 15 ¢ m, while in FIG. 10, all the precipitates and/or

10 deposits have a diameter of 10 &£ m or less. Accordingly, FIG. 10
illustrates a vacuum chamber with a base material having
precipitates and/or deposits with a diameter of 10 &£ m or less, and
the precipitates and/or deposits are arranged in parallel with the
largest surface of the base material.

15 Some kinds of vacuum chamber or chamber part may
contain, due to the restriction from their shapes, precipitates and/or
deposits arranged in perpendicular with the largest area of the base
material. Examples of such vacuum chambers include susceptors,
gas diffusion plates, dielectric plates such as electr_ostatic chucks,

20 all of which have a‘disk-shalped base material. For example, in
many cases, susceptors are produced in a disk-like shape by cutting
a column-like extruded material into round slices. Thus-produced

 susceptors contain precipitates and/or deposits arranged along a
direction of hot extrusion, and this arrangement direction may be in

25 perpendicular to the surface and bottom of susceptor. Accordingly,

35



10

15

20

25

when a vacuum chamber is a susceptor like this, the corrosion
resistance is enhanced by controlling the average diameter of
precipitates and/or deposits to be as small as possible, instead of
controlling the arrangement direction thereof.

Moreover, the corrosion resistance can be further enhanced
by, besides controlling the average diameter and/or the
arrangement of precipitates and/or deposits, controlling the
volumetric proportion thereof to be as small as possible. More
specifically, the volumetric proportion of the precipitates and/or
deposits is preferably 4% or less, and more preferably 2% or less,
and the most preferably 1% or less.

A preferable combination of the average diameter and the
volumetric proportion of the .precipitates and/or deposits is as
follows. As to the precipitates, it is preferable that the average
diameteris 6 & m or less and the volumetric proportion is 4% or iess
(desirably 2% or less), and more preferably, the average diameter is
3 # m or less and the volumetric proportion is 2% or less (desirably
1% or less). As to the deposits, it is preferable that the average
diameteris 2 & m or less and the volumetric proportion is 4% or less
(desirably 2% or less), and more preferably the average diameter is
1 &£ m or less and the volumetric proportion is 2% or less (desirably
1% or less).

In some methods and conditions for producing an
aluminum alloy, it is possible to control the diameter and the

volumetric proportion of the precipitates and/or deposits present on
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61 Tabl e 10 Kind of Pore dianeter Coating Average

grain dianeter([err]m Arrangement Gas - Pl asma

No Al alloy (anodizing t hi ckness /vol umetric proportion (%
direction corrosion irradiation sol ution)
[err]m Crystallized Deposited t est t est

particles partlcles 20(S) / 80(P)i 0.5 1
/1.0 thezsyrfage of the alulpanam elloy. For expsiple, there i§ armpthod
2000- 2/ - 1 2 series
20(S)/ 80(®h which, when solidified, the surface &f /an almni;mmﬁlﬂ (allllcfy is [err]
[err] 3 10(S) / 80 (P) 10 3
/2.5 rapi@dhy 2bbld to controdrte form[a%idﬂ of the precu%RQQes and/or 4
series 10(S) / 80(P) 10

perpendi culg@polsets.] In tRidlcase, a pressure may be applied so that
5 precipitation and deposition are promoted in the bulk middle
portion of the aluminum alloy. There is also a method in which an
aluminum alloy excellent in corrosion resistance is cladded on the
surface of the vacuum chamber.
In the above-described methods, control is conducted in
10 such a manner that at least the largest area of the base material
from the surface up to lmm deep contains precipitates haviﬁg an
average diameter of 3 u- m or less and a volumetric proportion of 1%
or less and deposits having an average diameter of 1 £ m orless and
a volumetric proportion of 1% or less. Consequently, the surface of
15 the base material gains further resistance to gas corrosion and
plasma, resulting in further enhancing the corrosion resistance of
the entire vacuum chamber.
When a vacuum chamber is produced by using the material
of the present invention, the corrosion resistance and the abrasion
20 resistance can be further enhanced by forming a coating on the
surface thereof employing a known surface treatment other than
the anodizing. Examples of such surface treatments include a
physical vapor deposition such as sputtering and ion-plating,
chemical vapor deposition, and thermal spraying.

25 Although the presentinvention has been fully described by
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5 15 /40 /80(0) 2 1/ 0.8 2/ 1.2 par al | el

[err] [err] Exanple of 1000- present 6 series 15/40/80(0)

2 2/ 0.5 1/ 0.8 per pendi cul ar [err] [err]

i nvention 7 15/ 40/ 80( 0) 15 3/ - 2/ -
par al | el [err] [err] 8 6000- 15/ 40/ 80( 0) 15
8/ - paral | el [err] [err]

series way of ezgample w1tm5pfm'em@(m the acco;p\;p anying drawiggs, itis 1 2/
1.8 per pendi cul ar [err] [err] 10

10- 110(0) to be upderstood thatgvarious thadges and nmpedifidagions wilkrbg

[err] 11 series = 10~110(0). 25 11/2.5
8/1.8 apparmt pervhose skill¢@rin] the art. THerdfbre, unless othd2wise
10~90(S- O 2/ - 11/- par al | el

[err] [ eé\i&h changes and n@&ﬁ@lcatlons depart fiemSaid %pé@fﬁ% prédent
2 perpendi cular [err] Iferr]

[1gr . n%&*rnn&iio@ﬂ)ay shoxﬁ% be fgn%t{%%% as belzzbg én‘i]gbcleo‘} ther&id. glol el 1

0/1.8 10/ 1. perpendi cular J[err] [err]

16 series 20 ~ 150(0) 30 10/1.8 10/2.0

par al | el EI e]éri [er] ' 17 15(9) 7 3
/0.8 BXAMPLE 1 par al | el [err] [err]

1000- 18 series 15(9) 7 _ 8 /- 5 /-

per pendi cul ar X . [err] Conparative 19 30(S-0) 10
3/ - 2 /- par al | el [err] _ [err] exanple
3000 As shown in Table 1, various aluminum alloy plates were

10 provided with an anodic oxide coating having different structure
from each other. These aluminum alloy plates were used as test
pieces. Each anodic oxide coating included a porous layer having
pores with a diameter continuously changing in a depth direction.
Table 1 also shows the number of layers included in each porous

15 layer, a pore diameter at a top and a bottom of each porous layer, an
electrolytic solution used for anodizing, and the thickness of each
anodic oxide coating.

In order to evaluate the corrosion resistance to a halogen-
containing gas for the test pieces, a gas corrosion test was

20 conducted by using 5% of mixed gas of Cl: and Ar at a temperature
of 300°C for 4 hours. Upon completion of the test, the appearance
of test pieces Waé evaluated under the following standards.
<gas corrosion test>

QO: No corrosion was generated.

25 A: Corrosion was generated in an area of less than 5% of
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20 series 30(S-0) - 10 3/ - 2/ -
perpendi cular [err] [err] 21 80 (P)
5 4 /1.2 3/0.8 par al | el [err] [err]
22 5000- 80(P) 5 10/ 2.5 _ 10/ 1.8
per pendi cular [err] X series 23
8 8/ - 12/- per pendi cul ar X X
10 (9 test piecg. 2/0.8 3/1.2 par al | el
[err] [err] 25 10(S) 8
6 /2.1 X : Coyrasidn &tas génera}ted i efrdrea of 5% or mo2@Yttest
26 series 15(9S) 15 2/ - 8 /- per pendi cul an
X ' piuoel 27 20( S) 15 1 2/-
11/- per pendi cul ar X X
62

5 In addition, in order to evaluate the resistance to plasma

10

15

for the test pieces, a chlorine plasma irradiation test was conducted
under the low bias for 90 minutes. Upon completion of the test, the
etched depth of the test pieces was measured and evaluated under
the following standards.
<plasma irradiation test>
O: Test piece was etched in a depth of less than 2 # m.
A: Test piece was etched in a depth in the range between 2
4 m or more and less than 5 & m.
X : Test piece was etched in a depth of 5 & m or more.
The results of the gas corrosion test and the plasma

irradiation test are shown in Table 1.
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As is obvious fromthe results shown in Table 10, the test pi eces Nos.

1 to 16, satisfying the conditions of the present I nvention, exhibited
t he excellent resistance to gas corrosion and 5 plasma. On the other
hand, _the test pieces Nos. 17 to 27, correspondi ng to the conparative
exanpl@@eénd not satisfying one or nore conditions of the present
i nvention_ —exhihited the i anlffi(:‘ipDI resistance_to gas COrrosi on
and/ gr pl asma. 10 EXAMPLE 11 : As shoyn in Table 11,
vari dus al uni num all oy plates ye rovidad withian anodiic oxide
coat i|nd®havi ng dfifrf éfentSté‘t‘ﬁ*‘dfétUFﬁ"‘e"t T F‘ﬁﬁf@ B4t ot he‘?'afg%appl yi ng
el ectlrol ytic vollt¥gd!¥f |t ﬁ%ﬁ*?érﬁ‘?%d“’f ide SBRBURT ) TERYERE 9Nl and 2. These
al umilpum-all oy dlates weld¥ense 'coating { u Be,ng test
1 [1000~series! a 2 O
Example of |
present 2 b 1 35 O
invention 6000-series .
3 c 25 O O
4 d anodizing | 0.8 O O
5 |5000-series| e 15 O O
€ f 0.04 X x
Comparative '
example | 7 g 45 x A
8 |6000-series! h 70 x @)
=} - - - x x

*Remarks : Structure of porous layer is indicated by means of pore diameter
a:top: 10~200nm:base (phosphoric acid)
b:top: 153~20nm:base (sulfuric acid-oxalic acid)
c:top:12~55~30~120nm :base (phosphoric acid)
d:top: 8~250nm :bottom (phosphoric acid)
e ttop: 25~3 5 nm :bottor (sulfuric acid—oxalic acid)
f:top: 20~20nm :botton (phosphoric acid)
g:top: 15~135nm:botton (sulfuric acid)
h:top: 5~10nm:botton (sulfuric acid)
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The patterns Ato F showmn in FIG 4 illustrate the preferable

el ectrolytic voltage application in the surface treatnent nmet hod of
the present invention. At least the final voltage is 20 higher than the
initial voltage, and the change in electrolytic vol tage i s continuous.
Therefore, the anodic oxide coating produced by applying the

el ectrolytic voltage of patterns Ato F corresponds to the exanpl es of
the present inventf§ns QﬁVI‘maS dromy the resmdisi shotwmn jat Teble @, ithert&t 5

illustrates an electrolytic voltage 25 application which is controlled in
such a manmdecesndos. Heta Hj satisfying the conditions of the present inventiof3
voltage is higher than the final voltage. Therefore, the anodic
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 6 to 9, corresponding to the
5 comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 2

10

As shown in Table 2, various aluminum alloy piates were

provided with an anodic oxide coating having different structure
from each other. In Example 2, an oxalic acid solution was used as
an electrolytic solution. These aluminum alloy plates were used as

15 test pieces. Each anodic oxide coating included a porous layer
having pores with a diameter continuously chénging in a depth
direction. Table 2 also shows the number of layers included in
each porous layer, a i)ore diameter at a top and a bottom of each
porous layer, and the thickness of each anodic oxide coating.

20 Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 1, the test pieces were tested
to evaluate their resistance to gas corrosion and plasma. The test

results are as shown in Table 2.
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. oxi de coating produced by applying the electrolytic voltage of

pattern G corresponds to the conparative Exanple. The pattern H I n
FIG 5 illustrates an electrolytic voltage application which is 5
controlled to be constant in the entire anodi zi ng process. Ther ef or e,
t he anodi c oxi de '@b'st3 ng produced by applying an el ectrolytic voltage
of pajtern H corresponds to a conventional —exanpl e
Tabl el 11 al so shpws a cénposi tii on of ‘anodi zi ng solutifon, 10 {the initial
vol tabe, and the|final Voltade_(al so shown are voltages at poi nt's
wher e ‘??e vol tagé\< ‘E?Tfl i CATiCBRe I étméﬁaffdé‘ﬂ‘efsn“ fit® proclptas™of
anodi ging.). Al alloy ot porqys: matpd 1 gmogicapyiidht (8T FdOLidF Y& M |r esi st ance to
a hal pgen- ront ain 'ﬁYf gas for t Hﬁ“afﬂ‘gf(”cma?saq, atif:?lc cornosi on test
was [I5 conduct ed by u5|ng 5%6of m xed gas off{ C1 andlAw at aftenperature
of 300[ € llémpor 4_EbuLsﬁ Upon qdﬁpLeLLgn;éi_JJmaJQesLP_LLe appear ance
~ of t est, pieségeﬁas eval udt ed under_ t he fdlépmﬁng é}andarcs.
Example of | 2 b i 0.1 |
present 11000~ i
inventionj 3 |series c i 5 O O
joxalic acid
4 d lanodizing | 35 ] o)
6000~
5 |series e 15 O o]
6 f | o0.03 x x
Comparative
example 7 g . 40 b A
1000~
8 |[series h 60 x O
5000~
9 |series - - - x x

¥ Remarks : Structure of porous layer is indicated by means of pore diameter
ttop: 15~140nm : botton

ttop: 20~150nm : bottom

ttop: 20~50~30~150nm :botton

:top: 10~180nm: bottom

ttop: 10~20~10~70nm :bottom

:top: 10~435nm:bottonm

:top: 20~20nm : bottom

:top: 5~40nm:botton

TN 0 A0 O



<gas corrosion test> [err]: No corrosion was generated. 20

[err] Corrosion was generated in an area of |ess than 5% of t est

pi ece. x: Corrosion was generated in an area of 5% or nore of
t est pi ece. . 25 In addition, in order to evaluate the

resi stance to plasma of 64

the test pieces, a ,chlorine plasma irradiation_test was conducted
under the | ow bi asAScs obvigwsdeem the resudts shiosvn dn Teble &tthe best

pieces Nos. 1 to 5, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 6 to 9, corresponding to the
5 comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 3

10

"As shown in Table 3, various aluminum alloy plates were

provided with an anodic oxide coating having different structure
from each other. These aluminum alloy plates were used as test
pieces. A porouslayerincluding two or more layers had pores with

15 a diameter which changed stepwise. However, the test piece No. 4
had an intermediate layer of which pore diameter continuously
changed, thereby pores have fapered surfaces. Table 3 also shows
kinds of electrolytic solutions used in anodizing and the thickness
of each anodic oxide coating.

20 Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 1, the test pieces were tested
to evaluate their resistance to gas corrosion and plasma. The test

results are shown in Table 3.
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etched depth of the test pieces was neasured and eval uat ed under t he

foll ow ng standards. 5 <plasnma irradiation test> 0: Test
pi ece was etched in a depth of less than 2 [err] m [err]:
Teghie Bi €Ce was etched in a depth in the range between 2 [err] mor
nore and less than 5 [err] m X: Test piece was etched in a
Wﬁerr"ﬁ mor—Tore. 10 TeTesufts of —gas corrosion—t
a{'nd t he pl ?sma | 648l df0Rrous 1ayek €St are sh'pvvn in {Table 11.
iKind °f§ iTreatment Thickness of |Gas Plasma
No. iAl alloyNumber ofiPore diameter (nm) * imethod anodic oxide |corrosionlirradiation
! ilayers top/bottem coating {u m)itest test
1 11000~ 2 20(P) /100 (P) 4 @) O
series
2 3 50 (P) /730(8) /70 (P) 0.5 O O
Example 3 2 10(8-0) /120 (P) 5 @) o)
of Q1 anodizing
present 4 16000~ 2 15(8) /tapered layer (P) /130(P) 30 o) )
invention series :
5 3 15(8) 740 (P) /150 (P) 30 o o
6 5 30(P) /50 (P) /80 (P) /200 (P) 45 o] o)
7 6 20(S) /120(P) 720(8) /120 10 O o)
5000~ (P)/20(S) /180 (P)
series
8 2 80(P) /250 (P) 0.2
12} 1 10(8) 30 A
Comparative |6000- '
example 10 iseries | — - ' -_ - X x
11{1000- | 2 10(8) /50 (P) anodizing | 0.03 x x
series ’
12 2 80(P) /15(8) 70 x A

* Remarks : (P):phosphoric acid anodizing
(S): sulfuric acid anodizing
(S-0): sulfuric acid—oxalic acid anodizing




65 Table 11 Kind of  Voltage Conposition of

anodi zing Initial voltage Gas Pl asma No. - Al alloy
pattern sol ution Fi nal voltage corrosion

i rradiation ki nd and concentration

(V) t est t est 1000-

As is obvious from the results shown in Table 3, the test
pieces Nos. 1 to 8, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 9 to 12, corresponding to the

5 comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 4
10

As shown in Table 4, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other. In Example 4, an oxalic acid solution was used as
an electrolytic solution. These aluminum alloy plates were used as

15 test pieces. A porous layer including two or more layers had pores
with a diameter which changed stepwise. However, the test pieces
Nos. 2 and 8 had an intermediate layer of which pore diameter
continuously changed, thereby pores have tapered surfaces.. Table
4 also shows the structure of each porous layer and the thickness of

20 each anodic oxide coating.

The test pieces were tested to evaluate their resistance to
gas corrosion and plasma repeating the gas corrosion test and the
plasma irradiation test conducted in Example 1, except that the gas
corrosion test was conduted at 300°C for 4 hours and the chlorine

25 plasma irradiation test was conducted for 120 minutes. The test
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1 series A sulfuric acid 100 g/l 5 ~30 O

(@] 2000- 2 series B phosphoric acid 40
o/l 50~100 o] O Exanpl e of present 3
5000- C oxalic acid 60 g/l 20~60~80 - o -
O i nvention series 4 D phosphoric acid 30 g/l
40 20 120 O O 5 A oxalic acid
10 g/ results are 3Bo%h in Table4. O O 6000-

6 series E oxalic acid 30 g/l 5 -50-20 60 8 0 O
O 7 series F oxalic acid 30 g/L

40~60~20~ 100 O O : 6000- 8 series B
sul furic acid 150 g/L 10- 20 [err] O

9 5000- G oxalic acid 30 g/l 80- 50 ' X
[err] :series Conparative 10 G sulfuric
acid 100 g/l 20~10 X [err] exanple

6000- 11 series H phosphoric acid 30 g/l

60 [err] X 1000- 12 series
H sul furic acid 150 g/l 20 X [err]

13 series - - - X X
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66

Tablc 4

Structure of porous layer Treatment | Thickness of Gas Plasma
No. Kind of Al alloy | Number of | Pore diameter (nm) | method anodic oxide corrosion | irradiation
layers top / bollom coating(4t m) | lesl test
| 2 10/80 15 O O
2 2 15/tapered 35 O @)
Example of 5000-scrics layer/1 10
present 3 3 20/30/150 0.8 ®) O
invention 7y 4 IS/120801150 | 30 O O
M 1000-scrics w _u.\.%hwmc acid N N% w w
anodizing
7 2 107150 35 O O
8 2 20/tapered 30 O O
6000-serics _n_%c-.\ 125
9 3 15/80/150 25 O O
10 I 15 10 X O
Comparative | 1§ 2 10/220 0.03 A X
example 12| 1000-scrics 1 20/50 60 X A
13 5000-serics 3 10/50/100 60 A A
14 - - — - X x
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As is obvious fromthe results shown in Table 11, the test pi eces Nos.

1 to 8, satisfying the conditions of the present invention, exhi bi t ed
the excellent resistance to gas corrosion and plasnma. On t he ot her
hand, the test pieces Nos. 9 to 13, corresponding to the 5 conparative
exanpl es and not satisfying one or nore conditions of t he present

i nvention, exhibited the insufficient resistance to gas corrosion

and/ or pl asma. As is BANVPUE from tbe results shown ims Tahdend, thadest 12,
various alum num alloy plates were provided with an anodi c oxide
coating hapiewsdNbsel ¢019, statisfyime the confditivnsaafthnd heesdryt Eppdytiog,

el ectrolytic voltage of various patterns showmn in FIG. 6 and 7. These

al um num abkpibitkdlide ¥edaldisEresiStandfe té 80l d¥r26Ston and plasma. On
the other hand, the test pieces Nos. 10 to 14, corresponding to the

5 comparative examples and not satisfying one or more conditions of

the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 5
10
As shown in Table 5, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
form each other. These aiuminum alloy plates were used as test
pieces. Table 5 also shows the change in the structure of each
15 porous layer byl means of a pore diameter, kinds of electrolytic
solutions used in anodizing, and the thickness of each anodic oxide
coating.
Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 1, the test pieces were tested
20 to evaluate their resistance to gas corrosion and plasma. The test

results are shown in Table 5.
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The patterns Ato F showmn in FIG 6 illustrate the preferable

el ectrolytic voltage application in theysurface treatnent nmet hod of
the present invention. At least the final voltage is hi gher than the
initial voltage, and the change in electrolytic 20 voltage is continuous.
Ther efl@ble,5 t he anodi ¢ oxi de coating produced by applying the
electrolytic voltage of patterns Ato F correspond to the exanpl es of
the pfesent invention. ;¥mustere Bt her hand, the patterd Gin FIG 7
illustrates an elldat Pbliyt peEoupalayeige TreatmentIpickneat Plofathi chPlesmacont riol | ed to
be cops¥ant in tHY ¥deMire 25 : anodi ziMEopReRIEs Xidnitarresien pardidin H in FIG
7 illyustrates an %Numbers of .Pore icoating d# m;tes‘.:67 test '
el ecttalytic voltlage appllf¥eat i die™#'ch is controlled in such a ,
1 P2 . a 15 O 0
Example of 5000~ | i
present 2 lseries 1 3 ' b 0.08 (@) (@)
invention 1 '
3 2 e a5 O O
i i ]
4 16000~ 4 | d anodizing 2 o) /o)
series :
5 5 e ' 45 O 0
Comparative | 6 2 f 60 A 0
example :
7 1 g ' 0. 02 x x
5000~ '
8 |series - - - - X x

* Remarks : Pore diameter of each laver
a:top: 10~23nm (sulfuric acid) /353 0~ 12 0 nm (phosphoric acid) : bottom
b:top: 20~2 5 nm (sulfuric acid—oxalic acid)
/30~50nm (sulfuric acid—oxalic acid)
/30~120nm (phosphoric acid) :bottom
c:top: 15~50nm (phosphoric acid) /6 0~2 35 0 nm (phosphoric acid) : bottom
d:top: 20~2 35 nm (sulfuric acid~oxalic acid)
/30~120nm (phosphoric acid) /1 00~120nm (phosphoric acid)
/100~2350nm (phosphoric acid) :bottom
e :top: 10~13nm (sulfuric acid) /3 0~40nm (sulfuric acid—oxalic acid)
/100~120nm (phosphoric acid) /8 0~ 100 nm (phosphoric acid)
/80~2350nm (phosphoric acid) :bottom
f:top: 10nm (sulfuric acid) /2 0nm (sulfuric acid—oxalic acid) : bottom
g:top: 20 nm (sulfuric acid) : bottom
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manner that the initial voltage and the final voltage are identical to

each other. Therefore, an anodi c oxi de coating produced by appl yi ng
an electrolytic voltage of patterns G and H corresponds. to 5 a

conventi onal exanpl e. Table 12 al so shows a conposition of
anodi zi ng sol ution, the initial voltage, and the final voltage (al so
shown is a vol tage val ue kept constant for an arbitrary period during
anodi zi ng. ). Repeating the gas corrosion test and the plasma

10 irradiation test conducted in Exanple 11, the test pieces were
tested to eval uat Tidghbdi€skid@06&ting @Bthe osstopicesdMds pl a6hada The

test results are shown in Table 12.
porous layer including two or more layers and having pores with a
diameter which changed continuously. As is obvious from the
5 results shown in Table 5, the test pieces Nos. 1 to 5, satisfying the
conditions o_f the present invention, exhibited the excellent
resistance to gas corrosion and plasma. On the other hand, the
test pieces Nos. 6 to 8, corresponding to the comparative examples

and not satisfying one or more conditions of the present invention,

10 exhibited the insufficient resistance to gas corrosion and/or plasma."
EXAMPLE 6

As shown in Table 6, various aluminum alloy plates were
15 provided with an anodic oxide_ coating having different structure
from each other. In Example 6, an oxalic acid solution was used as
an electrolytic solution. These aluminum alloy plates were used as
test pieces. Table 6 also shows the change in structure of each
porous layer by means of a pore diameter and the thickness of each

20 anodic oxide coating.
Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 4, the test pieces were tested
to evaluate their resistance to gas corrosion and plasma. The tést

results are shown in Table 6.
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Table 6
Structure of { i i
porous layer [Treatment ;Thickness of éGas ;Plasma
Ne. Kind of ! method ganodic oxide icorrosicn iirradiation
Al alloy|Number of | Pore coating (um) itest Etest
layers 'diameters : i i
i H
1 2 i a ;30 o) 0
Example of 5000~ i
present 2 Iseries 2 b i 0.2 O 0
invention
3 3 c 5 O O -
oxalie
4 2 d acid 35 @) O
6000~ anodizing
5 |series 5 e 0.8 o] (o)
Comparative | 6 2 f 60 A @)
example 1000~
7 |series 1 g 0.03 X X
8 15000~ 1 h 2 x A
series
<] - - - - X X
* Remarks : pore diameter of each laver
a:tp:10~20nm,/ 30~200nm:botton
b:top: 20~25nm,/ 80~160nm:botton
c:top:15~13nm,/ 50~100nm,/ 80~160nm :botton
d:top:20~25nm,” 100~250nm :botton
e:top:10~13nm/ 30~50nm,/ 80~120nm
/80~120nm,/80~2350nm :bottonm
f:top:10nm,/20nm:botton
g :top: 20nm : bottom
h:top:10nm:bottom
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[err] As is obvious fromthe results shown in Table
12, the test pieces Nos. 1 to 8, satisfying the conditions of the
present invention, exhi bited the excellent resistance to gas corrosion
and plasma. On

The test pieces Nos. 1to 5 had a porous layer including two
or more layers having pores with a diameter which changed
continuously. As is obvious from the results shown in Table 6,
the test pieces Nos. 1 to 5, satisfying the conditions of the present

5 invention, exhibited the excellent resistance to gas corrosion and
plasma. On the other hand, test pieces Nos. 6 to 9, corresponding
to the comparative examples and not satisfying one or more
conditions of the present invention, exhibited the insufficient
resistance to gas corrosion and/or plasma.

10
EXAMPLE 7

As shown in Table 7, various aluminum alloy plates were
provided with an anodic oxide coating having different structure

15 from each other. These aluminum alloy plates were used as test
pieces. Table 7 also shows the number of layers included in each
porous layer, a pore diameter at a top and a bottom of each porous
layer, kinds of electrolytic solutions used for anodizing, and the
thickness of each anodic oxide coating.

20 In order to evaluate the corrosion resistance to a halogen-
containing gas fpr the test pieces, a gas corrosion test was
conducted by using 10% of mixed gas of Cl: and Ar at a temperature
of 350°C for 4 hours. TUpon the completion of the test, the
appearance of test pieces was evaluated under the following

25 standards.
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the other hand, the test pieces Nos. 9 to 13, corresponding to the 5

conparati ve exanples and not satisfying one or nore conditions of t he
present invention, exhibited the insufficient resistance to gas

corrosion and/or plasna. EXAMPLE 13 10 As shown in
Tabl e 13, various alum numalloy plates were provi ded with an anodic
oxi de coating having different structure fromeach ot her by applying
el ect r ol ytsgas/eoxropaonftesdPi ous patterns shown in FIGs. 4 and 5. These
al um num al l oy plates were used as 15 test .pieces. I n order
to eval uate the c®rDii corroziontwasgeneratbdl ogen- cont ai ni ng gas of
the test pieces, a gas corrosion test was conducted by using 5% of

m xed gas of O a@: Gordbsidvrd WRELEahertad i85S9 eirelaCof Véss than 5% of
test piece.
5 A Corrosion was generated in an area in the range
between 5% or more aﬁd less than 10% of test piece.
X : Corrosion was generated in an area of 10% or more of

test piece.

10 In addition, in order to evaluate the resistance to plasma
for the test pieces, a chlorine plasma irradiation test was conducted
under the low bias for 120 minutes. Upon completion of the test,
the etched depth of the test pieces was measured and evaluated
under the following standards.

15 <plasma irradiation test>

©: Test piece was etched in a depth of less than 1.5 4 m.

O: Test piece was etched in a depth in the range between
1.5 # m or more and less than 2 ¢ m.

A: Test piece was etched in a depth in the range between 2

20 4 m or more and less than 5 &« m.

X : Test piece was etched in a depth of 5 & m or more.
The resulis of gas corrosion test and the plasmairradiation

test are shown in Table 7.
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20

A:. Corrosion

<gas corrosion test>
O Corrosion was generated

t he appearance of test pieces
25 .

t est piece.

f

| ess than 5%

Upon conpl etion of the test,
was eval uated under the foll ow ng standards.
No corrosion was generated.

[err]:

in an area of

4 hours.

o
O
o
Tapled

O

D

= 9

e Kind of Al | Structure of porous layer Originally contained | Components Treatment | Thickness | Gas Plasma

I alloy compound + added | contained in method of anodic | corrosion | irradiation

o compound coaling oxide test test

- Number Pore diameter(nm) | Mark /" indicates that cach layer coating

O of laycrs top/bottom coptains different compound (um)

m m 1 2 20/100 H,PO,/ (COOH), | 4%PN.015%C 4 O O

e H,PO+HF / 4%P+0.02%F /

c € 2 | 1000-series | 2 20/100 (COOH),+HF 296C+0.029%F 3 © O
mxm__m_c of |3 3 50/30/70 (COOH),+Al(SO,), | 2%C+0.03%S 0.1 © O
presc
. H,SO+H,P0O;/ 4%S+0.02P% / -
iggon | 4 2 10/120 (COOM,+1,P0, | 1.8%C+0.029p | MOdizing 3 © O

-

— 5 | 6000-scrics 3 15/40/150 H;PO,+AI(NO,), 3%P+0.025%N 30 © ©
. go 6 5 30/50/80/200 | H,PO,+(COOH), 4%P+0.03%C 1.5 © O
G 207120720/

o o :

C oo 7 6 120/20/180 (COOH),+H,50, 2%C+0.2%S 35 O ©
- 5000-scrics 20/120/20

—0cC 9 2 5/10 H,SO+H,BO, 3%S+0.025%B 0.2 © O
c m 5 10 1 5 (COOH), 2%C 30 A A
Comparative | 11 | 6000-scrics - - - = — - X X
oumpie 72| 1000-series | 2 10/50 H,PO, 3%P odizinn 0.03 X X
© m L 13 2 80/15 H,P0O,+H,SO, 3%P+0.1%S ) £ 70 A A
S8 o

- &

=

o c

- O

c  .—

—_ [%2]

v O

c -

T

@ 8

g o

SR
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5

etched depth of the test pieces was neasured and eval uat ed

In addition, in order to evaluate the resistance to plasm of
the test pieces, a chlorine plasnma.irradiation test was conducted
under the low bias for 100 m nutes. Upon conpletion of the test,

resi stance to plasma repeating the process of Exanple 11. 10

results of the gas corrosion test and the_plasma Irradiation test are
shown in Tabl e 13As is obvious from the results shown in Table 7, the test

10

15

20

pieces Nos. 1t0 9, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 10 to 13, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 8

As shown in Table 8, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other. These aluminum alloy plates were used as test
pieces. Table 8 also shows the change in the structure of each
porous layer by means of a pore diameter, kindé of electrolytic
solutions used in anodizing, and the thickness of each anodic oxide
coatirig.

The test pieces were tested to evaluate their resistance to
gas corrosion and plasma repeating the gas corrosion test and the
plasma irradiation test conducted in Example 7, except that the gas
corrosion test was conducted at 350°C for 5 hours and the chlorine
plasma irradiation test was conducted for 150 minutes. The test

results are shown in Table 8.
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Vol tage Conposition of

Ki nd of

Gas

Tabl e 13

anodi zing I nitial

71

al | oy

Al

No.
corrosi on

Pl asma

final

vol t age

vol t aga

sol uti on

pattern

Table 8
*

_No. Kind of |Structure [Originally contained|Components contained|Treatment|Thickness of [Gas Plasma
A7Wqv Al alloy Jof oomﬁ:ioo.%o::n_._. in coating method|anodic oxide |corrosion |irradiation
d added compound coating (um]ltest test

()

©

= 1 [1000- a (COOH) 2+HaP04 1. 5%C+0. 03%P 2.8 © O

— series

& 2 b HaPO4+IF 3%P+0. 024F 10 o O

mvmw.a._w

of- 3 |6000- b HaP04+H2504 34uP+0, 04%S 8 © ©

present series

igyention | 4 c H2S04+INO3 4%5+0. 05%N 38 © ©

5 d COOMzHEBOy | 1.5%0+0.09%8 lanodizing 007 O 1O

< 6 d (COOH) 2+HF 1. 54C+0, 02% 0.06 o o

5000- - T
7 |series e HaP04+H2G03 J4P+0, 04%C 20 © ©
do
18 8 f HaP04 3%p 0,03 X X
q;bnﬂzm .
H_sv_o 9 4 (COOH) 2 1. 5%C 43 A A
10 |6000~ h HaPO4+Al (NO3) 3 %P0, 14N 80 X X
series
S 11 — — — - X X
c
© * Remarks : Structure of conting : indicated by means of pore diameter
.m a ttops: 20~300nm:bhottom ettop: 29~100nm:hotton
—® b :top: 1 5~200nm: botton f :top: 18~18 nm ;hottom
= w crtop: 3~5~10~16nm:hotton g :top: 8~8 nm: botton
m d stop: 6~180nm: bottom hstop: 9~15 nm: boltom
©
=
G - O
- nom
- O
— = O
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series sulfuric acid 80 g/l * ' 2 2000- B

oxalic acid 15 g/l 50~120 [ ERR] @)
Exanpl e of series phosphorous acid 4 g/l present invention 3

C oxalic acid 3 g/l 20~60~80 [ ERR] O
5000- phosphoric acid 40 g/l series 4

D oxalic acid 30 g/l 40~20~100 ERR] @)
amonoi um bor at e #gY is obvious from the results shown igJlabdesd; tha3Zegt|
5~75 [ ERR] O 6000- sul furic
acid 3 g/pieces Nos. 1 $ef eatisfying the@onditions offhe present mwaitdo’) g/ |
5~50~20~60~80 O o] 7 13000- F

| oxal i ¢ acéthifitéd the excellerftlréfisPAnddbo gas conosmﬁl and plasm4& On
series hydr of l uori ¢ acid 0.2g/l 6000- B

oxalic acigh&3tHet halr(?.uthe tes_taﬂ-@(g:%g Nos. 8 to 11, J(ﬁ'@@kp&ndmg to the

series rirc aci oxalic
acid 3

Seri es% g/ J&Jomparatlve ga(:gflm(p(ig% %P%dlot/.?atlsfyl)ﬁg one or é}%@floconcd)r{?aﬂsa to 10

X

series X eﬁ?gglr%sent ﬂﬁéf@ﬁ‘ﬁm?’ceﬁh?‘}ﬂltﬁédg% 1¥1gﬁliﬁc19nt resi%@ance to gas

[ ERR] 12 1000- H - sul furic acid 150 g/l
15 COTTOS)OH and/or PlﬁlERFq series phosphoric acid
5 ¢g/L
EXAMPLE 9
10

As shown in Table 9, various aluminum alloy plates were
prbvided with an anodic oxide coating having different structure
from each other. These aluminum alloy plates were used as test
pieces. Table 9 also shows the change in the structure of each

15 porous layer by means of a pore diameter, kinds of electrolytic
solutions used in anodizing, and the thickness of each anodic oxide
coating.

The test pieces were tested to evaluafe their resistance to.
gas corrosion and plasma repeating the gas corrosion test and the

20 plasrﬁa irradiation test conducted in Example 7, except that the gas
corrosion test was conducted at a temperature of 370°C for 5 hours
and the chlorine plaéma irradiation test was conducted for 180

minutes. The test results are shown in Table 9.
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13 series

7000-

72

Table 9

*
No. Kind of |Number of [Structure [Originally contained compound|Components Treatment [Thickness of |[Gas Plasma
Al alloy [layers in of OOmZ:m’ + added compoud contained in method |anodic oxide |corrosion |irradiation
porous layer coating coating (u#m) [test test
Bl 2 a (COOH) 2+HF 1. 6%C+0. 03%F 17 © ©
2 15000~ 3 b HaPOs+HF 3%P+0. 024F 0.1 O O
Example of | |series A - N N
present 3 3 b H3P04+HNO3 3%P+0. 02%N 0.09 © O
invention | T
4 2 c H2504+(CO0H) 2/ 5%S+0, 02%C/ |anodizing 30 © ©
. HaP04+(COOH) 2 2%P40. 02%C
5 |6000- 4 d (COOH) 2+H2504 1. 5%C+0. 04%S 3 © o)
series B
6 5 e (COOH) 2+H3BO03 1. 5%C+0, 05%B 40 © © ]
Comparative| 7 2 f (COOH) 2 aup 60 A A
example T
8 1 g (COOH) 2 1. 5%C 0.02 x X
" l5000- L . e —
Olseries - - - - - - X X

FStructare : pore diameter of each layer

a:top: 8~20nm,/45~160nm:hotiom

bhitop: L7~27nm/35~48nm,/ 27~150n1n :hotton

citop: 8~25nm,/57~280nm :holion

d:top: 18~27nm,/34~130nm 110~125nm,/
11T0~280nm: bholtom

e:top: 1 2~170m,/35~45nm/90~100nm,/”
85~110nm,/ 85~270nm: botton

fstop: L Oam,725nm: hottom

g :top: 1 5nm:botion
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As is obvious fromthe results shown in Table 13, the test pi eces Nos.

1 to 8, satisfying the conditions of the present invention, exhi bi ted
the excellent resistance to gas corrosion and plasnma. On t he ot her
hand, the test pieces Nos. 9 to 13, corresponding to the 5 conparative
exanpl es and not satisfying one or nore conditions of the present

i nvention, exhibited the insufficient resistance to gas corrosion
and/or plasma. As is ghwirusfyom the results shown Ag 'anl«m 9, theabest 14,
various alum num alloy plates were provided with an anodi c oxide

coati ng hadiengs Nds. drené, satisfyimgethe conditionsadthetpreseny iapenying,

el ectrolytic voltage of various patterns showmn in FIG. 6 and 7. These

al um num aldkibitd Btkes ewReHenia@sdStance to gas corrosion and plasma. On
the other hand, test pieces Nos. 7 to 9, corresponding to the

5 comparative examples and not satisfying one or more conditions of

the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 10
10
As shown in Table 10, various aluminum alloy plates were
used as test pieces, which had a composition satisfying the
requirements of Japanese Industrial Standard. The aluminum
alloy plates were dissolved in the atmosphere and casted at a rate of
15 1°C/sec. The resultant was then annealed for homogenization at
480°C for 4 hours, and after that, was subjected to hot extrusion or
hot rolling at 450°C. The reduction rate of thickness by hot rolling
was 80% and the extrusion ratio of the hot extrusion was 4.
Using a scanning electron microscope, a cross section of the
20 test pieces was observed to obtain an average diameter of
precipitates and/or deposits. Some of test pieces were subjected to
image analysis to calculate their volumetric proportion. An
average diametér, a volumetric proportion, and an arrangement
direction of precipitates and/or deposits are shown in Table 10. In

25 Example 10, an arrangement direction indicates the direction along
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15 test pieces. Repeating the gas corrosion test and the

pl asnma I rradi ation test conducted in Exanple 13, the test pieces were
tested to evaluate their resistance to gas corrosion and pl asna. The
test results are shown in Table 14.

73

which precipitates and/or deposits are arranged with respect to the
largest area of test piece to which the following gas corrosion

resistance test and the plasma resistance test were conducted.

5 <gas corrosion test>
In order to evaluate the corrosion resistance to a halogen-
containing gas for the test pieces, a gas corrosion test was
conducted by using 5% of mixed gas of Cl: and Ar at a temperature
of 400°C for 2 hours. Upon completion of the test, the appearance
10 of test pieces was evaluated under the following standards.
<gas corrosion test>
©: No corrosion was generated.
O: Corrosion was generated in an area of less than 10% of
test piece.
15 A: Corrosion was generated in an area in the range
between 10% or more and less than 20% of test piece.
X : Corrosion was generated in an area of 20% or more of

test piece.

20 In addition, in order to evaluate the resistance to plasma
for the test pieces, a chlorine plasma irradiation test 'was conducted
under the low bias. 15 minutes of plasma irradiation was repeated
6 times at 5 'minu_te intervals. Upon completion of the test, the test
pleces were evaluated under the standards same as those used for

25 the gas resistance test.
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[err] As is obvious fromthe results shown in Table

14, the test pieces Nos. 1 to 8, satisfying the conditions of the
present invention, exhi bited the excellent resistance to gas corrosion
and plasma. On t he other hand, the test pieces Nos. 9 to 13,
corresponding to the 5 conparative exanples and not satisfying one or nore
condi ti ons of the present invention, exhibited the insufficient

resi stance to gas The resaltsosfi gas eoxtosiopltestand the plasma irradiation

test are shown in Table 10.
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ExabuE 15 10

As shown in Table 15,

various al um num al | oy

p| at es WE‘fre,i_Kind of iPsteDdiamet&d (Catimg DBrapisks-dryipedi anedr|( 2 M) YARINGERdnt @as10N- [[ROBLRLIS
type | Neghloajlilwil(a@dtzongbe ﬁtmwndsﬁ/wutngrmp@mdioc(%xidieeceiraat i lag)r &5aa4 iMEpdiation
d| fferentl structyrechurizn edeim ot [Ceystallideas bepad ited NUM| al | oy pllaéses iﬁst wer g
uped as tlest pieces. Table |15 al sharsiwes t betstesuct ujes of each porous
| pyer and_kach bakt®er” BA®Er 0ahd Kkilmtls0 of |eReOt§ ol ytiimraliel soBUt | ONO use
fpr anodijzi #§%- ! i Inorder to gvaluate th¢ corrosipn resistance
tp a hal ggéperies : 20@opnt 8P ng Has- Bef—t he !t @st— pi ecewermndjagancOr r osii @ t est
was 20 iconduct ed by using 5% of; mxed gds of C[eri] and Arjat a -
t pnper at ur t AFSBFOBEPYH] @Of or: 4 96UbSs.| 8p@nS conplimtilont of | ©he t e, the
appear ange S000- pf test pieces was eval uatled under the follow ng stgindar S.
4'series ! 10(8) ./ 80(P)| 10 - 10/— 10/— perpendiculan O ©
. i :
_5_; 15740780 (0} 2 1,08 2/1.2 parallel ©
Example of{ :1000- '
present 6 series | 15,740.780(0) 2 i 2,0.5 1.,0.8 perpendicular O ©
invention !
| 7 1540800 | 15 | 3/— 2/— parallel © ©
i s
| 816000- | 15.740./80(0) | 15 ! 8/~ 10/~ parallel o) e}
Eseries l
9i 15,740.780(0) 15 i 8/1.5 12/1.8 perpendiculan O 'e)
!
| 10 10~110(0) 25 3,08 1./0.8 parallel © ©
j1000-
Tliseries | 10~110(0) 25 11/25 8.71.8 perpendiculag O O
| _
| 12 10~90(s-0) 2 2/~ 1/— parallel © ©
6000~ _
13;series | 10~350(S-Q) 2 - 2/1.8 3,/0.8 perpendiculan O O
| 14 20~ 150(0) 30 2/~ 4/— parallel o e
157000~ 20~ 150(0) 30 10/1.8 101.8 perpendiculan O O
‘series
16 20~ 150(0) 30 10/1.8 | 1020 paraliel o} ©
| 17, 15(S) 7 308 | 3,08 parallel A A
1000-
18:series | 15(S) 7 8/— 5/~ perpendiculan X A
Comarative_‘l_S‘; 0(s-0) 10 3/~ 2/— paraliel A (@)
examp|e 13000~ .
20:series | 30(S-0) 10 1 3/— 2/~ perpendiculan A A
| 21] 80(P) 5 larnz 3./0.8 parallel o) A
— :
i i
| 22'5000- | 80(P) 5 110,25 | 10/1.8  iperpendiculan A x
!iseries i
23 i 80(P) g |{8/- 12/~ perpendicular, X x
| i ; ! H l
| t H '
foa L 10(s) 8§ 12/08 3/1.2 paral lel A o
N ; i
| 28 L 10(3) 8 | 4a/1.5 | 6/21 lparatiel | A o
[ i6000- : )
?_2_6_-seriss : 15(8) 15 " 12/—- 8/~ ;perpendicular X A
P : : i
.27 ' 20(S) P15 P12/ — 11/— ‘perpendicular, X X




<gas corrosion test> O No corrosion was generated. 25

[err] : Corrosion was generated in an area of |less than 5% of

75 test piece. X: Corrosion was generated in an
area of 5% or nore of test pi ece. 5 In addition, in order
to evaluate the resistance to plasma of the test pieces, a chlorine

pl asma irradiati on test was conducted under the | ow bias for 90

m nut es. Upon conpl etion of the test, the etched depth of the test

pi eces was neasured and eval uat ed under
As is obvious from the results shown in Table 10, the test

pieces Nos. 1 to 16, satisfying the conditions of the present
invention, exhibited the excellent resistance to gas corrosion and
5 plasma. On the other hand, the test pieces Nos. 17 to 27,
corresponding to the comparative examples and not satisfying one
or more conditions of the present invéntion, exhibited the

insufficient resistance to gas corrosion and/or plasma.
10 EXAMPLE 11

As shown in Table 11, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other by applying electrolytic voltage of various patterns

15 showﬁ in FIGs. 1 and 2. These aluminum alloy plates were used as
test pieces.

The patterns A to F shown in FIG. 4 illustrate the
preferable electrolytic voltage application in the surface treatment
method of the present invention. At least the final voltage is

20 higher than the initial voltage, and the change in electrolytic. '
voltage is continuous. Therefore, the anodic oxide coating
produced by applying the electrolytic voltage of patterns A to F
corresponds to the examples of the presentinvention. On the other
hand, the pattern G in FIG. 5 illgstrates an electrolytic voltage

25 application which is controlled in such a manner that the initial
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the follow ng standards. 10 <plasna irradiation test>
Test piece was etched in a depth of less than 2 [err] m

[err]: Test piece was etched in a depth in the range between 2 [err]
or nore and less than 5 [err] m x: Test piece was etched in
a depth of 5 [err] mor nore. 15 The results of the gas
corrosion test and the plasm I rradiation test are shown in Table 15.

10

15

20

25

voltage is higher than the final voltage. Therefore, the anodic
oxide coating produced by applying the electrolytic voltage of
pattern G corresponds to the comparative Example. The pattern H
in FIG. 5 illustrates an electrolytic voltage application which is
controlled to be constant in the entire anodizing process.
Therefore, the anodic oxide coating produced by applying an
electrolytic voltage of pattern H corresponds to a conventional
example.

Table 11 also shows a composition of anodizing solution,
the initial voltage, and the final voltage (also shown are voltages at
points where the voltage application are changed in the process of
anodizing.).

In order to evaluate the corrosion .resistance to a halogen-
containing gas for the test pieces, a gas corrosion test was
conducted by using 5% of mixed gas of Cl and Ar at a temperature of
300°C for 4 hours. Upon completion of the test, the appearance of
test pieces was evaluated under the following standards.
<gas corrosion test>

O: No corrosion was generated.

A; Corrosion was generated in an area of less than 5% of
test piece.

- X: Corrosion was generated in an area of 5% or more of test

plece.

In addition, in order to evaluate the resistance to plasma of
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76 Tabl e 15 Kind of Structure and ki nd of
coati ng Treat nent Gas Pl asma No. Al
all oy Porous |ayer Barri er met hod corrosion
i rradiation | ayer test - " test .
1000- , 20 (15)-S 0. 05-B | o)
series: .2 5(15) -S/5(30) -O : 0.1 -F
0 the geatmiieces, a chlorine plasms irzaflistion test was condubtéb- B
@) O present
anodi zi ng undentthedow bias for 90 mirtwies: edUpeyatorfbletion of theGedd: the
o) o) 5 series 10(15)-S/ 5(40)-SO 0.15-B
8 Cbotched depth of thé test pieces was3eastred and evaluated unded P
the following standards.
5 <plasma irradiation test>
O: Test piece was etched in a depth of less than 2 ¢ m.
A: Test piece was etched in a depth in the range between 2
A m or more and less than 5 &« m.
X : Test piece was etched in a depth of 5 &£ m or more.
10

The results of gas corrosion test and the plasma irradiation

test are shown in Table 11.
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7

15(10) - S/ 5(10) -O 0.1 -B o) o)
5(70)-0 5000- 8 series 25(20)-SO
0.2 -B o . @) 9
0. 05-B [ ERR] x Comparative 6000 Exanpl e
10 series - : X X
117ap8d0- 2(120)-P/ P 10(20)-S - X
[ ERE] serjes
apodi zi ng o 12 . 50( 1@6-_8, -
X [ERR]  Kindhok Haltaen Gommes it efctnafiainant KphiP' 682 coalffhg", iPlagm)
Al p¥rabet capit @' VaertEIgsYeifesent : ~ Final volsage ipysesiRsyiiadigtien S
shlfuric acid Q- bhxalickiagapg concenteegion )i )i Vhoj d+oxHesic acFast
B| boriciaci§%&mupni um'borat e F. potassiun Bydr oden phthfl ate
({i) Numbér's $°H&E ¢ 1! %! anodP&Bxide coallng(un®Pt u nf,
wher e nunber %% (i)_indicate pore diameter_ (unit nnj. Mariks "/ "
i hdi cat e tifatsefigd &1% ucripspheric AHAS/ | averSTd%i ffor eh® het he top
affate the bottom ;i (il ib For exanple, ["5(15) -S/5(3P). -0 |of test|piece
NPresent ngi ¢t W= 1 C  ‘oahg agid Mhedus | g =~ sSf s[lePrim (pore
di'avpat'er of 18"%#) | - anodi zi ng solution: $ulfuric acid i bot t om| of
por ous | ay & -t hick fbss ;HPSphﬂTL'_%FF']drﬁo E{bnr df‘%‘é@f‘ﬂ?o of L §hn rr) Oanadi 7i ng
spl ution | so>:(al ic acid !oxa”c acid 10 g/I 2050 o
{6000~ : .
6 series E loxalic acid 30 g/l 5 ~50~20~60~80 | O O
:3000—
7 ‘series | F  loxalic acid 30 g/I '40~60~20~100 0 e}
:6000—
8 series B sulfuric acid 150 g/l 10~20 A O
9 5000~ | G  ioxalic acid 30 g/I 80~50 x A
—_—'iseries
Comparative| 10 @ G sulfuric acid 100 g/! 20~10 x A
example 56000-
11 iseries H phosphoric acid 30 g/! 60 A X
11000~
12 ‘series | H sulfuric acid 150 g/l 20 x A
17000—
13 %series - - - x X
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77 As is obvious fromthe results shown in Tabl-e 1,

the test pieces Nos. 1 to 8, satisfying the conditions of the present
i nventi on, exhibited the excellent resistance to gas corrosion and
pl asma. On t he other hand, the test pieces Nos. 9 to 12, corresponding

to the 5 conparative exanples and not satisfying one or nore conditions of

As is obvious from the results shown in Table 11, the test
pieces Nos. 1 to 8, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 9 to 13, corresponding to the

5 comparative examples and not satisfying one or more conditions of
the present invention, exhibited the ins_ufficient resistance to gas

corrosion and/or plasma. -

EXAMPLE.12
10 |

As shown in Table 12, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other by applying electrolytic voltage of various patterns
shown in FIGs. 6 and 7. These aluminum alloy plates were used as

15 test pieces.

The patterns A to F shown in FIG. 6 illustrate the
preferable electrolytic voltage application in the surface treatment
method of the present invention. At least the final voltage is
higher than the initial voltage, and the change in electrolytic

20 voltage is continuous. Therefore, the anodic oxide coating
produced by applying the electrolytic voltage of patterns A to F
correspond to the examples of the present invention. On the other
hand, the pattern G in FIG. 7 illustrates an electrolytic voltage
application whicix is controlled to be constant in the entire

25 anodizing process, and the pattern H in FIG. 7 illustrates an
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t he present invention, exhibited the insufficient resistance to gas

corrosi on and/ or plasma. EXAMPLE 16 10 As shown in
Tabl e 16, various alum num alloy plates were subjected to a
porous-type anodi zi ng by applying an el ectrolytic vol t age of vari ous
patterns shown in FIGs. 6 and 7, and then were subjected to a

non- por ous .t ype.anodi zi.ng. These. al um num all qQ 15 plates.were used as
test pi ece@?gﬁ)’é’aygclé"’&Fgﬁesﬁg 108 tHoR EﬁrﬁlCh lgeFQEP?Qﬁ?/‘ii ts8iEki @ns and
an anodi zi ng vol tage used for_the Eorous-t pe. anodi zi ng and t he
non- por ousnand@rdhas the initial voltageand she dinakeoktgggaredstiendicaltoand
pl asma of test pieces - were eval uated repeating the process conducted
i n Exanpl edch ottexThe Theteforsul 28 aneditovmider dudtingl@®roduced by
applying an electrolytic voltage of patterns G and H corresponds to
5 aconventional example.
Table 12 also shows a composition of anodizing solution,
the initial voltage, and the final voltage (also shown is a voltage
value kept constant for an arbitrary period during anodizing.).
Repeating the gas corrosion test and the plasma
10 irradiation test conducted in Example 11, the test pieces were

tested to evaluate their resistance to gas corrosion and plasma.

The test results are shown in Table 12.
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irradi ati on
1000-

anodi zi ng sol ution
Al alloy pattern

Vol t age
test:

Ki nd of
Pl asma  No.
non- por ous type vol tage corrosion

t est

Tabl e 16
porous type voltage/ Gas
por ous type/

(V)

non- porous type
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@)

<
Table 12

_ Kindof Al | Voltage Composition ol anodizing | Initial voltage Plasma
._.7@ alloy patiern solution / irradiation
D % o kind and concentration Final voltage test
M
™ I | 1000-scrics A sulfuric acid 150g/ ¢ 10/30 O @)
S 2 | 2000-scrics B phosphoric acid  30g/ 1 507120 O O
Ny wam::_,_c of 3 C oxalic acid 60g/ 1 30/60/80 O o]
o P 5000-scrics sulluric acid 50
= ot 1 A sulfuric acid :“.\_ / 201100 O O
in@ention phosphoric acid 50g / 1
o © 5 6000-scrics D oxalic acid 10g/ 1§ 20/50/100 O O
g 6 s E oxalic acid 60g/1 | 20/60/40/80 O @)
o o 7 | 3000-scrics F oxalic acid 30g/1 | 40/20/100 @) @)
@ 8 | 6000-scrics B oxalic acid g/ 1 60/100 @) A
o 9 |s 000-sctics A sulfuricacid ~ 100g/ | 20/10 X JAY
o |70 B | oxalicacid 60/ 1 100/60 X A
Comparative |11 6000-scrics G phosphoric acid  30g/ 1 50 A X
0 cx.._@__c 12 | 1000-serics H sulfuric acid  150g /1 20 X A
) O~ 13 | 7000-scrics — - — X X
o
<
=)
o -
o
o
N
)
o
N
n -
2 3
5 Eo
” mmw
—04W0
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‘present series invention 4 B SO F

20.80 /100 @) @) 5 6000- H

P/ B ~60/ 200 O O series
6 A S o/B _ 20, 40/ 250 O O

3000- 7 series G SO0/B 20/ 150

O O 8 series D SO dF

10( SO, 30(0), As is obv1ousCfrom the[ FFdlts shown in TaBlé A2, the3tdst

9 5000- G 10 X

[ ERR] COTS’E?@éé’é N62. 119 @E‘édﬁﬁymg the cond1t16'hs of@@e_present invention, 40
X [ ERR] exanpl e series C P/'S
10. 20, 40/ -

seri et %thb]/{.ed the exg@ﬁ@ﬁk resistance to é‘aslgg%?sqgheand pl&&gg. On

[err]

X the othelr?’h%%r ,etshe test pieces Nos. 9 to 13, corresponding to the

5 comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 13
10

As shown in Table 13, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other by applying electrolytic voltage of various patterns
shown in FIGs. 4 and 5. These aluminum alloy plates were used as

15 test pieces.

In order to evaluate the corrosion resistance to a halogen-
containing gas of the test pieces, a gas corrosion test was conducted
by using 5% of mixed gas of Cl and Ar at a temperature of 350°C for
4 hours. Upon complefion of the test, the appearance of test pieces

20 was evaluated under the following standards.
<gas corrosion test>

©: No corrosion was generated.

Q: Corrosion was generated in an area of less than 5% of
test piece.

25 A : Corrosion was generated in an area in the range

70
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79 As is obvious fromthe results shown in Table 16,
t he test

between 5% or more and less than 10% of test piece.
X : Corrosion was generated in an area of 10% or more of

test piece.

5 In addition, in order to evaluate the resistance to plasma of
the test pieces, a chlorine plasma irradiation test was conducted
under the low bias for 100 minutes. Upon completion of the test,
the etched depth of the test pieces was measured and evaluated
their resistance to plasma repeating the process of Example 11.

10 Test results of the gas corrosion test and the plasma

irradiation test are shown in Table 13.
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pieces Nos. 1 to 8, satisfying the conditions of the present invention,

exhi bited the excellent resistance to gas corrosion and plasma. On t he
ot her hand, the test pieces Nos. 9 to 13, corresponding to the 5
conpar ati ve exanples and not satisfying one or nore conditions of t he
pr eseMibié Myenti on, exhibited the insufficient resistance to gas
corrosi on and/ or plasna. EXAMPLE 17 10 As shown in
Table 17, variqus alymnumalloy plates wene used ag test ipreces,
whi ch had a conpiosiof iNentgaiCompbsiicitg of heodizing IniBigUivslesg@nt sicaf JapRneae ;
| ndugt Ne.al St andlasideyfEteralsanitivom al | gy pl afies vaBegcthirasal veeibtiod he
at nrosphere and icasted at aikimt #dghncedtpatidC/isec. (Mhe resuktésant was:t hen :
anneal ed forj hdnogenilzati oh at 480[ erri] C for 4 hourpg, and jafter that,
was subj ect €d1titooprot |ext r upkaic e¢id 60 g/l : 5~30 o] 0 :
: | iseries sulfuric acid 80 g/1 i
i {2 {2000- | B oxalic acid 15 g/I 50~120 © |0
iExample of i Iseries phosphorous acid 4 g/l
ipresent I I
invention | 3 C ioxalic acid 3 g/1 20~60~80 © (8] ;
5000~ phosphoric acid 40 g/| :
series ' :
4 D oxalic acid 30 g/l 40~20~100 © o)
ammonoium borate 3g/1 '
5 A oxalic acid 15 g/! 5~75 © (@)
6000~ sulfuric acid 3 g/i : !
series
6 E oxalic acid 30 g/| 5~50~20~60~80
7 {3000- F oxalic acid 30 g/! 40~60~20~100
series hydrofluoric acid 0. 2g/1
8 (6000~ B oxalic acid 45 g/l 10~20 A (@)
series sulfuric acid 50 g/}
) G oxalic acid 30 g/! 80~20 x A
5000~
Comparative 10 iseries G oxalic acid 30 g/l 20~10 x X
example hydrofluoric acid 3 g/!
6000- |
11 iseries H phosphoric acid 30 g/l 60 A X
12 |1000- H sulfuric acid 150 g/1 15 X A
series phosphoric acid 5 g/l
7000~
13 Iseries - - - b X




hot rolling at 450[err]C. The reduction rate of thickness by hot rolling
was 80% and the extrusion ratio of the hot extrusion was 4.
Usi ng a scanning el ectron m croscope, a cross section of the 20 test

pi eces was observed to obtain an average di aneter of precipitates

and/ or deposits. The test pieces were subjected to | mage analysis to
calculate their volunetric proportion. An average dianeter, a

vol umetric propor AkGH, o Wi udN1dni AhCPRN ts show@hrﬁﬁq‘a%fleofs pﬂf‘ecwsﬁ ates
and/ or deposits are shown in Tables 17 and 25 . In Exanple 17, an
arrangene Rds! 80
directi onrﬂélegé\% whi’ ghntolp?géc]ﬁgl fszm ang?%‘rht&gggsolftt?e rléeszgrnrtalﬁwecriltmn wth

respect tQ il B85S bxBiA2nt ettt etcoeggg ko $n g Plasma. On

the other hand, the test pieces Nos. 9 to 13, corresponding to the
5 comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 14
10
As shown in Table 14, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other by applying electrolytic voltage of various patterns
shown in FIGs. 6 and 7. These aluminum alloy plates were used as
15 test pieces.
Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 13, the test pieces were
tested to evaluate their resistance to gas corrosion and plasma.

The test results are shown in Table 14.
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Upon conpl etion

In order to eval uate

containing gas for the test
conducted by using 5% of m xed gas of
1 hour.

of 130[err]C for

10
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<gas corrosion test>

5
at a terrper ature

corrosion resistance test and the plasnma resistance test were
a gas corrosion test was

conduct ed.
the corrosion resistance to a hal ogen-

pi eces,
d2 and Ar

o e
(72} [
O S 0._
+— © [7p
c 00
Y
ZTable 14 _ <
- 0 T O
2 2% x>
o e
NE. ) © © O Kind of Al | Voliage Composition of anodizing | Initial voltage | Gas Plasma
Peygwgel alloy pattern solution / corrosion | irradiation
s == © kind and concentration Final voltage | test test
- o 06 o M)
. ¢ alic aci
CZc 8§ 1 | 1000-serics A |oxalicacid o 15g/1 10/85 © o)
L O o — sulfuricacid _ 15g/1
c— & m = d 2 | 2000-serics B oxalic acid 30g/1 25/120 © o
Wﬁm:.m? cm_nm ’ phosphoric acid  30g/ 1 :
s o § 3 C [ oxalicacid S0p/1 | 30/60/80 ) O
Pinfreritich © § _ oxalic acid 10g/ 1
= oc.+ 5000-scrics i Hrate
o0 Oy A sodium E:...F uﬁ.ﬁ\ 1 10/120 © O
b -5 2l / oxalic acid 1 g/1
CS5°8 % % phosphorous acid 50y / 1
— o] B alte ot
=SS 50 |5 D oxalic ._.._.p_ . 10g/ 1 20/60/90 © 0
oL . phosphoric acid  5g/ 1
cS > T 6000-serics oxalic acid 60g/ |
> Sg 6 E i ey | 10/30/40/80 © o)
o m ° 2__:_:.. .....: uc.r.\J j
alic ac g/l
S o 7 |3000-series | @ |oxlicacid 3057155000 o o
. ammonium borate 5g / 1
SBww | 8 |6000-serics p [oxalicacd — 30g/1 g0 O A
cC —C hydrofluoric acid 0.5g/ |
o — 1Y A sulfuric acid ~ 100g/ 1 20/10 X A
0 €.2 5000-scrics oxalic acid 60g/ |
i A 80/40 X X
M. ative | 1 B hydrofluoric acid  2g/ 1 /
exanpis o phosphoric acid  30g/ 1 50 A X
2 @ g S mw .m_ 6000-scrics G sulluric acid 2p/1
m..mt o | & | 1000-scrics T sulluric acid 120 /1 20 % A
> = 8 I'B [7000-serics — | = — x X
L2 22 =T =~
— - —0 o
- CO 0
C0O—D =
O - — @©
—.— VO C Cc C
08 _—™mMOCw._




range between 50 [err] mor nore and | ess than 100 [err] m.
X: Test piece was penetrated by chlorine in a depth of 100 20 [err] mor
nor e. <pl asna resistance test> In addition, in order
to evaluate the resistance to plasma of the test pieces, a chlorine
pl asma irradi ation test was conducted 25 wunder the |ow bias for 15
m nutes. Upon conpletion of the test, the )
81 meds nambidpus from kbeatdsmlis shpenetinalable dd, tthe textt pi eces
was measured and eval uated under the sane standards as those used
for the gpsecesNasanae 8 esdtisfying the conditions of the present invention,

exhibited the excellent resistance to gas corrosion and plasma. On

the other hand, the test pieces Nos. 9 to 13, corresponding to the

S comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 1
10
As shown in Table 15, various aluminum alloy plates were
subjected to a porous-type anodizing and/or a non-porous type
anodizing to be provided with an anodic oxide coating having
different structure from each other. Theée aluminum alloy plates
15 were used as test pieces. Table 15 also shows the structures of
each porous _layer and each barrier layer and kinds of electrolytic
solutions used for anodizing.
In order to evaluate the corrosion resistance to a halogen-
containing gas for the test pieces, a gas corrosion test was
20 conducted by using 5% of mixed gas of Cl: and Ar at a temperature
of 350°C for 4 hours. Upon completion of the test, the appearance
of test pieces was evaluated under the following standards.
<gas corrosion test>
QO: No corrosion was generated.

25 A: Corrosion was generated in an area of less than 5% of
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The results of the gas corrosion test and the plasma 5 irradiation test
are shown in Tables 17 and 18.

test piece.
X : Corrosion was generated in an area of 5% or more of test

piece.

5 In addition, in order to evaluate the resistance to plasma of
the test pieces, a chlorine plasma irradiation test was conducted
under the low bias for 90 minutes. Upon completion of the test, the
etched depth of the test pieces was measured and evaluated under
the following .stan dards.

10 <plasma irradiation test>
O: Test piece was etched in a depth of less than 2 ¢ m.
A: Test piece was etched in a depth in the range between 2
4 m or more and less than 5 ©# m.
X : Test piece was etched in a depth of 5 ¢ m or more.
15 The results of the gas corrosion test and the plasma

irradiation test are shown in Table 15.
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82 Tabl e 17 Kind of Average dianeter ([err]m / Arrangenent

Gas Pl asma Remarks No Al alloy volunetric proportion
(%9 direction corrosion irradiation: Crystallized. Deposited
t est t est particles particles 2/ 0. 06 2 /1.0
Tebledhbl el [err] [err] | 2 1000- 5/1.3 712.0
_parallel ‘ [err] Q . .
f H . | H H
!;Kind of -Structure and kind of coating ;Treatment ;Gas ‘Plasma
' Neo. iM alloy: Porous tayer ’;Barrier §method ;corrosion ?irradiation
' i g ! layer I itest “tast
; i i | |
: 1 {1000~ . 20(15)—S j 0.05—B i e e,
_—_%series : : :
2 | : 5(15) —S/5@30) —0 | 0.1 =F o ' 0
Example of | 3 | 15(20)—S 0.05—B ; o) Lo
present i ianodizing
invention 4 itapered layer—0O 0.15—F ! Q O
6000~
5 jseries 10(15)—S.7 5(40)—S0O | 0.15—8B O O
6 5(30) —O 0.1 —-P O O
7 15(10)—s./5(10) —O 0.1 —B ) O
5(70) -0
5000~
8 !iseries 25(20)—S O 0.2 —B (@)
] - 0.05—8 A X
Comparative 6000-
Example 10 lseries | — - - x x
11 |1000~ 2(1200—P.710(20) — S - X A
series anodizing
12 50(10)—S - X A
In the column “Structure and kind of coating”,
(i)  Alphabet capital letters represent:
P: phosphoric acid S: sulfuric acid O: oxalic acid SO: sulfuric acid+oxalic acid
B: boric acid+ammonium borate F: potassium hydrogen phthalate

(ii) Numbers indicate the thickness of anodic oxide coating{unit u m),
where numbers in ( ) indicate pore diameter (unit: nm).
Marks “.7” indicate that the structure of porous layer is different between at the top and at the bottom.
(iii) For example, “3(13) —S$,/5(30) —O” of test piece No. 2 indicates:
top of porous laver ; thickness of 5um ‘(pore diameter of 15nm) —anodizing solution : sulfuric acid
bottom of porous laver ; thickness of Sum (pore diameter of 30nm) —anodizing solution : oxalic acid
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‘series 3 2/ 1.0 1 /0.8 per pendi cul ar [ ERR|

[ ERR] 2000- 4 series 4/ 1.0 2 /1.0 pal al | el

[ ERR] [ ERR] 3000-

Exanple 5 series 6/2.5 5/2.0 ' par al | el

[ ERR] [ ERR] of 6 2/1 0 2 /1.0 par al | el
I nvention 7 6 /2.0 2/ 2 paral | el [err]
O 8 5000- 8 sésiissobvigus from the zre/sylﬁ shown in Fableddithd test O

O 9 8/3.0 8 /2.5 _ par al | el @) O 10
2/5.0 piecés Nod 1 to 8, sapsfymgltltecanditdons of the presedt ihvention, 4
/3.0 3/1.0 paral | el O O 121 6/ 2.0
5/0.8 exhibRfedlthelexcellent res1sta@ce to £as tdrrosidhiAsd plasmal /OO0 1
/0.2 par al | el [err] [err] 14 2 /0.5
0.8/0.8 ULRE |+ el @ [ : .

1e e the oggép?{’ﬂi& tRE [tels® ﬂl]eceT Nf%r? & '1]2 c%?respondlngst? ?}%31 3
/

1.5 co&gg?%{rl‘ri‘)]e exam§pi8¢ aaci‘%otssearﬁ?@mg ﬂel of more con@ifios of

the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 16
10
As shown in Table 16, various aluminum alloy plates were
subjected to a porous-type anodizing by applying an electrolytic
voltage of various patterns shown in FIGs. 6 and 7, and then were
subjected to a non-porous type anodizing. These aluminum alloy
15 plates were used as test pieces. Table 16 also shows kinds of
electrolytic solutions and an anodizing voltage used for the
porous-type anodizing and the non-porous anodizing.
The resistance to gas corrosion and plasma of test pieces
were evaluated repeating the process conducted in Example 15.

20 The test results are shown in Table 16.
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83 Table 18 Kind of Average dianeter ([err]m/ Arrangenent
Gas Pl asma Remarks No Al alloy volunetric proportion(%
di rection corrosior irradiation Crystal |l i zedi Deposi ted
t est Table §6est particles particles
| :
%Kind of [Voltage ianodizing solution !porous type voltage/ Gas iPlasma
No. !Al al loy |pattern |porous type/ non—porous type voltage corrosion §irradiation
i non-porous type (V) ‘test itest
i 11000- . :
i 1iseries | G s/8 107200 O i O
i i2000- :
| 2lseries | C O/F 15, 20, 707120 ‘0 o
Example of | 3 {5000~ A S, SO/B 10,40 /150 e 0
present i__iseries
invention | 4 B SO/F 20, 80 /100 o) o)
5 16000~ H P/B ~80,7200 1O @)
series i
6 A S, o/8 20, 40,7250 Ne) o]
3000- ;
7 lseries G so/B 20150 Le) 0]
6000~ :
8 |series D S0, O/F 10(s0), 30(0), O A
90(0) 7350
9 {5000~ G S .10 X
series
Comparative| 10 H SO ~40 x
example 6000-
11 |series (o] Pr/s 10, 20, 40720 A x
1000~
12series A S 15, 30 X A
7000~
13|series - - - x x

79




series 2/ 1.5 1 1 /0.5 perpendicul ar X [err] 2000
19 series 6/ 3.0 3/4.0 per pendi cul ar X [err]
5000- 11/3.-0 713.0 per pendi cul ar X X

Conparative series

exanple 21 11/ 4.0 1 d1.5 perpendicular X

X 22 117/2.0 1 1/2.0 perpendicular X
6000- 1 1/ 2.0 As i3 ohvious frem shedtesmlss shoym in Table 161%he test 1

2/ 0.8 perpendi cul ar x X 7000- series 1 2/2.0 4/ 3.5

per pendi cplieces Nws. 1 to 8, satisfying the conditions of the present invention,

10

15

20

25

exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 9 to 13, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 17

As shown in Table 17, various aluminum alloy plates were

used as test pieces, which had a composition satisfying the
requirements of Japanese Industrial Standard. The aluminum
alloy plates were dissolved in the atmosphere and casted at a rate of
1°C/sec. The resultant was then annealed for homogenization at
480°C for 4 hours, and after that, was subjected to hot extrusion or
hot rolling at 450°C. The reduction rate of thickness by hot rolling
was 80% and the extrusion ratio of the hot extrusion was 4.

Using a scanning electron microscope, a cross section of the
test pieces was observed to obtain an average diameter of
precipitates and/or deposits. The test pieces were subjected to
image analysis to calculate their volumetric proportion. An
average diameter, a volumetric proportion, and an arrangement
direction of precipitates and/or deposits are shown in Tables 17 and

18. In Example 17, an arrangement direction indicates the
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84 As is obvious fromthe results shown in Tables 17
and 18, the test pieces Nos. 1 to 17, satisfying the conditions of the
pr esent

direction along which precipitates and/or deposits are arranged
with respect to the largest area of test piece to which the gas
corrosion resistance test and the plasma resistance test were

conducted.

<gas corrosion test>
In order to evaluate the corrosion resistance to a halogen-
containing gas for the test pieces, a gas corrosion test was
conducted by using 5% of mixed gas of Cl and Ar at a temperature
10  of 130°C for 1 hour. Upon completion of the test, the maximum
depth of the chlorine penetration of the test pieces was measured
and evaluated under the following standards.
©: Test piece was penetrated by chlorine in a depth of less
than 30 # m at maximum.
15 Q: Test piece was penetrated by chlorine in a depth in the
range between 30 & m or more and less than 50 & m.
A: Test piece was penetrated by chlorine in a depth in the
range between 50 & m or more and less than 100 « m .
X : Test piece was penetrated by chlorine in a depth of 100

20 4 m or more.

<plasma resistance test>
In addition, in order to evaluate the resistance to plasma of
the test pieces, a chlorine plasma irradiation test was conducted

25 under the low bias for 15 minutes. Upon completion of the test, the
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‘invention, exhibited the excellent resistance to gas corrosion and

plasma. On the other hand, the test pieces Nos. 18 to 25, 5
corresponding to the conparative exanples and not satisfying one or
nore conditions of the present invention, exhibited the i nsufficient
resi stance to gas corrosion and/or plasna. EXAMPLE 18 10

As shown in Table 19, various alum num alloy plates were subjected to
surface tmeaximum deptde ofithve chlorinegyepetitadiomemfcthe testuptetesswiasst

pi eces. In Exanple 18, a corrosion test was conducted under the

condi ti onsnsasersd i@ dvidnatbdsendeedhensbxsptanddrds B3 thoxk uked

resi stance to gas corrosion and plasna of the test pieces was

eval uat ed for the gas resistance test.
The results of the gas corrosion test and the plasma

5 1irradiation test are shown in Tables 17 and 18.
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<gas corrosion test> In order to evaluate the corrosion
resi stance to a hal ogen- 20 <containing gas of the test pieces, a gas

corrosion test was conducted by using 5% of m xed gas of Cl[err] and
Ar at a tenperature of 350[err]C for 4 hours. Upon conpletion of the
test,T§H@1borroded area of test pi eces was neasured and eval uat ed
under Ihe follow ng standards. : [err]: Corrosion was_generated
in ar arga of lless than 5% 25 0: Cbrrosio1 was generated in an
area ii n Khed Io'én'@eerage diameter (um) / |Arrangement iGas P18&na ‘Remarks
bet wdeh. E%ajrloywlmmmaﬂdclpessortthan(%)w Ofect emt pll@@ﬁosmrlrradxa\.ion, [err]:
Cor r gsi op was g'enﬁtatlededmpaﬂtaaea Iin t he I’ang#test between 10% or mbre
and I‘ess t han Z,Q%tqaetsesﬂpaptﬂggs i
L1 2.,/0.6 2./1.0 parallel © © ;
i 2 {1000- | 5.1.3 7./2.0 parallel © 0
series ;
3 2/1.0 1./0.8 perpendicular| © ©
2000~
4 |series 4 /1.0 2/1.0 palallel © ©
3000~ iExample
5 |series 6.72.5 5/2.0 parallel @) O rof
present
6 2/1.0 2/1.0 |parallel @ ©) invention
7 620 220 parallel © O
5000~
8 |series 3/1.0 2715 perpendicular{ O O
9 8./3.0 8./2.5 parallel O @)
10 2/5.0 1/38.0 perpendicular| O O
11 4,/3.0 3.1.0 parallel @) O
12 6./2.0 5.,0.8 paral lel o) o)
6000-
13 [series 1./1.0 1./0.2 parallel © ©
14 2./0.5 0.8/0.8 perpendicular| © ©
15 5/1.2 1.5/1.5 paral lel © ®)
16 3./1.0 3/1.5 parallel © o
i 7000~ _ - |
i 17 iseries 5/1.2 2./0.8 parallel © O §
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X: Corrosion was generated in an area of 20% or nore of
<plasma irradi ation test>
to plasma of the test

conduct ed under the

repeated 6 tines at
t he crubleO@ed area

pi eces

10 | ow bhi as.

5 mnute

15 mnutes of plasma irradiation was

i nterval s.

5

test piece.
In order to evaluate the resistance
, a chlorine plasnma irradiation test was

Upon conpl etion of the test,

t he §ame Ssfandards as tNoS€ USed Tor gas corrosromnm rest
The fesulkisd @f A06-ag@%iGRIEPE): AT /18 SingaRtht! hesal! as”;Pla;:é i T fagliRL on
are ffNQWm Y lI@QL[ﬁmetﬁc proportion(%) direction corrosior irradiation
Crystal | izediDeposited test test
particles particles
1000-
18 |series 2/71.5 11.0.5 |perpendicular | X A
2000~
19 [series 6.73.0 3.74.0 |perpendicular | X A
20 {5000~ 11.73.0 7./73.0 |perpendicular | X X Comparative
series example
21 11.74.0 10./1.5 |perpendicular | X x
22 11,20 11.2.0 |perpendicular | X x
6000—~
23 |series 12/1.0 3,/70.8 |perpendicular | A X
24 15.70.8 1 2.70.8 |perpendicular | X X
7000~
25 |series 1220 | 4/73.5 |perpendicular| X X
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86 Table 19 Kind of Average dianeter([err] m/

Ar angenent Sur face treat nent Gas Pl asma Al all oy
vol unetric proportion (% di rection met hod

corrosion irradiation

As ié obvious from the results shown in Tables 17 and 18,
the test pieces Nos. 1 to 17, satisfying the conditions of the present
invention, exhibited the excellent resistance to gas corrosion and
plasma. On the other hand, the test pieces Nos. 18 to 25,

5 corresponding to the comparative examples and not satisfying one
or more conditions of the present invention, exhibited the

insufficient resistance to gas corrosion and/or plasma.

EXAMPLE 18
10
As shown in Table 19, various aluminum alloy plates were
subjected to surface treatment. These aluminum alloy plates were
used as test pieces. In Example 18, a corrosion test was conducted
under the conditions more severe than those used in Example 17,
15 andthe resistance to gas corrosion and plasma of the test pieces was -

evaluated.

<gas corrosion test>
In order to evaluate the corrosion resistance to a halogen-
20 containing gas of the test pieces, a gas corrosion test was conducted
by using 5% of mixed gas of Cl: and Ar at a temperature of 350°C for
4 hours. Upon completion of the test, the corroded area of test
pieces was measured and evaluated under the following standards.
©: Corrosion was generated in an area of less than 5%.

25 QO : Corrosion was generated in an area in the range
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No. Crystallized Deposited a Kind of coating t est

t est particles particles b
Coati ng thickness a 6/ 1 3/1 par al | el
[err] [err] b _ 2/ 0.3 1/0.8

per pendi cul ar sputtering 1 5000-

a Al 203 C series 10/ 3 4 /[ 2 paral | el

b 2 [ebefween 5% or more apd less than 1% of test piece.1 1/- 10/-
per pendi cul ar X X a ' 4
/1.2 2 /1.5 Corromnalwmi generated in an area in the range[err]
[err] detonation flane b

6/1. 5 betweed 18%or more aifd Pes¥ltlesh 3 0%SH fedtNgliece. O

O 2 6000- a Al2
03 C series . : ;0. bal b
25 [err]m X: Cor%os]loh"g%s geléer&ted iR dh arfazm; gadél o&eljnorg of, -

per pengdi c . X X 2/ 1
1/ 1 %ar g%%?”“- [err] [err]

b 4/ 2.5 2/2. 0 per pendi cul ar sputtering

o] O 3 1000-

a Ti erd 2/42 8 /2.5 par al | el

b 2 [eﬂ)]laﬁma irradiation tept> [err] d 1 1/ 0.3
1/0.3 per pendi cul ar a
4/ 1 2/In order to eyaluhtelthe res1stanc{ed10rp1as1i1ar of the testb -
4 /3.0 2 /3.0 per pendi cul ar | anodi zi ng O

O 4 pbEEH®, a chlorine plasma irradiation test was condctsddenliayehe

10 lowbias. 15 minutesofplasmairradiation was repeated 6 times at
5 minute intervals. Upon completion of the test, the corroded area
of the test pieces was measured and evaluated undér the same
standards as those used for gas corrosion test.

The results of the gas corrosion test and the plasma

15 irradiation test are shown in Table 19.
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series 8/0.5 4 /1.2 paral | el b 20 ([err]m
[err] o) l'd 12/ 5 3/ 0.3
per pendi cul ar X X a 2/ 1
1/0.8 par al | el [err]
[err] b 4/ 1 2 /0.2 per pendi cul ar
Sputtering O [err] 5 1000-
a Tabid 1P N C series 4/ 0. 3 11/1.5 par al | el
b 1.5 [err] m [err] @) d : 12/0.3 121/0.3
per pendi cul ar | X X
Y% Kind of Average diameter (um)/ iArangement Surface treatment Gas Plasma
Al alloy volumetric proportion (%) !direction method icorrosion j{irradiation
No. Crystallized !Deposited a Kind of coating test test
particles particies b Ceating thickness
i a 6.1 3/1 iparallel © ©
b 2/0.3 1./0.8 perpendicular |sputtering © ©
1 5000~ a Al2 03
c iseries 1073 4.2 parallel b 2um O O
d - 11 /- 10/~ perpendicular x X
a 4./1.2 2/1.5 paraliel © ©
. detonation flame
b i 8/1.5 3./2.5 perpendicular |spraying O o)
2 6000- ' a Al2 03
c lseries 11.74.0 1.70.8 parallel b 25um O O
d . 1250 3/2.5 perpendicular X X
a 271 11 paral lel © ©
b 4,05 2/2.0 perpendicular |sputtering (@] O
3 1000- : ' : a Tio2
C |series : 2,42 8./2.5 paral lel b 2um O ©
d 11,083 103 perpendicular X X
a L 4,1 2/4 parallel © ®
b ~ ' 4,/3.0 2730 perpendicular janodizing O '®)
4 6000~ : a oxide layer
c |series ‘ 8.0.5 4./1.2 parallel b 20um A (@)
d 1275 3.70.3 perpendicular x X
a 2/1 1.,70.8 parallel © ©)]
b - 4/1 2,/0.2 perpendicular |sputtering (@) ©
S 1000~ a AIN
¢ iseries 4,0.3 11715 parallel b 1.5 um ay @)
. l
d 1203 12.70.3 perpendicular | x X
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As shown in Table 19, the test pieces a of Nos. 1 to 5 had

preci pitates and/or deposits having an average dianeter of 10 [err] m
or less and being arranged in parallel with the |argest surface
thereof. The test pieces b of Nos. 1 to 5 had precipitates and/or 5
deposits having an average dianeter of 10 [err] mor |ess and being
arranged in perpendicular to the |l argest surface thereof. The test

pi eces ¢ of Nos. Astshéwhaih (Palsiepifathe tasd/mecdsposf DNoLi 1 Rr5 ofad
whi ch had an average di aneter of nore than 10 [err] m but both of

whi ch wer precipgitaeds iand:/@ﬁradépési\oémaihg AArPeSa Ui ARRLENEF 9O 1, M0 Al

of the test pieces ato d of Nos. 1 to exhi bited the excellent

O S A UL 610 B e
thereof. The test pieces b of Nos. 1 to 5 had precipitates and/or

5 deposits having an average diameter of 10 & m or less and being
arranged in perpendicular to the largest surface thereof. The test
pieces ¢ of Nos. 1 to 5 had precipitates and/or deposits either of
which had an average diameter of more than 10 & m, but both of
which were arranged in parallel with the largest surface thereof.

10  All of the test pieces a to d of Nos. 1 to 5 exhibited the excellent
resistance to gas corrosion and plasma. Contrary to this, the test
pieces d of Nos. 1 to 5, corresponding to the comparative examples

and not satisfying the conditions of the present invention, exhibited

the insufficient resistance to gas corrosion and/or plasma.

15

INDUSTRIAL APPLICABILITY

As has been described above, the first and second

inventions provide a vacuum chamber made of aluminum or its

20 alloy having remarkably enhanced resistance to gas corrosion and
plasma, and a surface treatment method for the vacuum chamber.

The third invention provides the aluminum alloy material for the
vacuum chamber to achieve excellent resistance to gas corrosion

and plasma.
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and—rnet—satisfying the conditions of the present invention, exhibited
the insufficient resistance to gas corrosion and/or plasma. 15

INng ATY As has been described above, the
firdt mm’,mﬁﬁ i nventions provide a vacuum chanber made of al um num

or its 20 aMl oy havi ng remarkably enhanced resistance to gas corrosion

and pl asma, and a surface treatnment nethod for the vacuum chanber.
The third invention provides the alum numalloy material for the

vacuum chanber to achi eve excellent resistance to gas corrosion and
plasma.  What is claimed is: 88

1. A vacuum chamber or chamber part made of aluminum

or aluminum alloys comprising an anodic oxide coating including a

5 porous layer having a number of pores and a barrier layer without
pores, the pores having an opening on a surface of the chamber or
chamber part, the diameter of the pore being smaller at a top

thereof than at a bottom thereof.

10 2. A vacuum chamber or chamber part made of aluminum
or aluminum alloys according to claim 1, wherein the pore in the
porous layer has a section in a depth direction thereof where its

diameter continuously changes.

15 3. A vacuum chamber or chamber part made of aluminum
or aluminum alloys according to claim 1 or 2, wherein the pore in
the porous layer has a section in a depth direction thereof where its

diameter discontinuously changes.

20 4. A vacuum chamber or chamber part made of aluminum
or aluminum alloys according to claim 2 or 3, wherein the pore in
the porous layer has a section in a depth direction thereof where its

diameter remains constant.

25 5. A vacuum chamber or chamber part made of aluminum
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What is clained is: 1. A vacuum chanber or chanber part nade

of aI ﬂm | um num al | oys conprising an anodi ¢ oxi de coating

|ncI u [“mmm“““ “ | ayer having a nunber of pores and a barrier |ayer
Lpotes® t'he pores having an opening on a surface of the chanber

chanber part, the dianeter of the pore being snmaller at a top
thereof than at a bottomthereof. 10 2. A vacuum chanber or

chanber past itseai@ops a%hUMiﬂlgFTto any ée 8f LTHimEM &bl NVehaseH @h@%ntoﬁiiﬁl aim1,
wherein the pore in the porous |ayer has a section in a dept

direction §pteee ré) s two YrofRLEe el gmwgm&ea%w% group

3. A vacuum cha a er part nade 0
consisting of carbon, sulfur, nitrogen, phosphorus, fluorine and

boron.

6. A vacuum chamber 61‘ chamber part made of aluminum
or aluminum alloys according to any one of claims 1 to 5, wherein a
base material .con't'ains particles such as precipitates and/or
deposits having a diameter of 10 & m or less in average.
10
7. A vacuum chamber or chamber part made of aluminum
or its alloys according to any of claims 1 to 5, wherein the particles
such as precipitates and/or deposits are arranged in parallel with a
largest surface of the base material.
15
8. A vacuum chamber or chamber part made of aluminum
or its alloys according to any of claims 1 to 5, wherein the base
material contains the particles such as precipitates and/or deposits
having a diameter of 10 « m or less in average, and the precipitates
20 and/or deposits are arranged in parallel with a largest surface of

the base material.

9. A method for anodizing a surface of a vacuum chamber
made of aluminum or aluminum alloys, wherein a final anodizing

25 voltage is set to be higher than an initial anodizing voltage.
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or alum num alloys according to claim1 or 2, wherein the pore in t he

porous | ayer has a section in a depth direction thereof where its

di anet ek ugh ~changes. 20 4. A vacuum chanber or

'charrber “ﬂ“] ﬂﬂ‘“ mrmmm num or alum num al | oys according to claim2
el ekn eMm poxy e n the porous layer has a section in a depth

d| rect I on thereof where its di aneter renmai ns constant. 25

5. A vacuum chanbd0.ok mbthbdragardingde cifaiai @yiwherein the anodizing
89

voltage is continuously changed for an arb1trary period.

11. A method according to claim 9 or 10, wherein the
5 anodizing voltage is discontinuously changed for an arbitrary

period.

12. A method according to claim 10 or 11, wherein the
anodizing voltage is kept constant for an arbitrary period.
10
13. A method according to any one of claims 9 to 12,

wherein the initial anodizing voltage is 50V or less.

14. A method according to any one of claims 9 to 13,

15 wherein the final anodizing voltage is 30V or more.

15. A method according to any one of claims 9 to 14,
wherein an oxalic acid solution is used as an anodizing solution, 1

gram or more of oxalic acid being contained per 1 liter of solution.

20
16. A method according to claim 15, wherein one or more
elements selected from a group consisting of sulfur, nitrogen,
phosphorus, fluorine and boron are added to the anodizing solution.
25 17. A method for anodizing a vacuum chamber and

9



or its alloys according to any one of clains 1 to 4, wherein the anodic
oxi des“““ |mlﬂlm:“uuu“ two or nore elenents selected froma group
consi bl LE ul fur, nitrogen, phosphorus, fluorine and

boron. * 6. A vacuum chanber or chanber part nmade of

al um num or alum num al |l oys according to any one of clains 1 to 5,
wherein a base material contains particles such as precipitates
and/ or chambpog axstshmeddey of alvanitem of dlirhixiuin @llyys €6 Forim aver age.
10 7. A vacuum chanber or chanber part made of al um num

or its al laysdiecenidd Bgatin gaiyclufdifligah 'ForbusPlPyeVhahehp 4 Humdeli ¢ €S

such as precipitates and/or deposits are arranged in parallel with a
largest sydraseard 4 BarPASCldPdehhding niopores, the method comprises a

step of performing a porous-type anodizing and a step of performing
5 amnon-porous anodizing, and the non-porous anodizing is performed

after the completion of the porous-type anodizing.

18. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to
10 claim 17, wherein a final porous-type anodizing voltage is set to be

higher than an initial porous-type anodizing voltage.

19. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to
15 claim 17 or 18, wherein a porous-type anodizing voltage is

continuously changed for an arbitrary period.

20. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to
20 claim 18, wherein a porous-type anodizing voltage is

discontinuously changed for an arbitrary period.

21. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to

25 claim 18, wherein a porous-type anodizing voltage is continuously
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8. A vacuum"'c‘ﬁ'a'n'ber or chanber part made of al um num or its alloys

accordin Iai ne 1 to 5, wherein the base mat eri al contains
the ﬂ“ preci pitates and/or deposits havi ng a di anmeter
of 1 in average, and the precipitates 20 and/or deposits
are arranged I n paraIIeI with a largest surface of the base material.
9. A nethod for anodizing a surface of a vacuum chanber made of

al umi num whanged fiorraal dchitramheeeiod in ftheadntiregiozbng-tyfe anolizag i s set
to be higher than an initial anodizing voltage.

90 process, and is dfscohtiRubadlpcirirked for thal fkbr Wiisidly he

anodi zi ng
period.

5 22. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to
any one of claims 18 to 21, wherein the initial porous-type

anodizing voltage is 50V or less.

10 23. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to
any one of claims 18 to 22, wherein the final porous-type anodizing

voltage is 30V or more.

15 24. A material used for manufacturing a vacuum chamber
and chamber parts made of an aluminum alloys, wherein
precipitates and/or deposits have a diameter of 10 & m or less in
average, thereby giving excellent resistance to gas corrosion and
plasma.

- 20
25. A material usgd for manufacturing a vacuum chamber
and chamber parts made of an aluminum alloys, wherein
precipitates and/or deposits are arranged in parallel with a largest
surface of the base, thereby giving excellent resistance to gas

25 corrosion and plasma.
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voltage is continuously changed for an arbitrary period. 11.
A met-hﬁ,m ' claim9 or 10, wherein the 5 anodizing voltage is

di sconti mﬂ”’”ﬁ&’gﬂ for an arbitrary peri od. 12. A
met hod accbr di ngs im10 or 11, wherein the anodi zing voltage is
_kept constant for an arbitrary period. 10 13. A met hod
according to any one of clains 9 to 12, wherein the initial anodi zi ng
voltage is 50V or |ess. 14. A method according to any one of

clainms 9 to 13, 15 wherein the final anodizing voltage is 30V or nore.
26. A material used for manufacturing a vacuum chamber

and chamber parts made of aluminum alloys, wherein precipitates
and/or deposits have a diameter of 10 & m or less in average, and at
5 the same time, the precipitates and/or deposits are arranged in
parallel with a largest surface of the base, thereby giving excellent

resistance to gas corrosion and plasma.

27. A material used for manufacturing a vacuum chamber
10 and chamber parts according to any one of claims 24 to 26, wherein
the volumetric proportion of the precipitates and/or the deposits is

2% or less.
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15. A nethod according to any one of clains 9 to 14, wherein an oxalic
acid solution is used as an anodi zing solution, 1 . gramor nore of
oxalic acid being contained per 1 liter of solution. 20 16. A
met hod according to claim 15, wherein one or nore. el ements sel ected
froma group consisting of sulfur, nitrogen, -phosphorus, fluorine and
boron are added to the anodi zi ng sol ution. 25 17. A nethod for
anodi zi ng a vacuum chanber and ABSTRACT 91
chanber parts nade of al umi numor alum numalloys to form an anodi ¢

oxi de coating including a porous |layer having a nunber of

10

15

The present invention relates to a vacuum chamber and
chamber parts made of aluminum or its alloys which exhibit
excellent corrosion resistance to a corrosive gas or plasma

introduced into the vacuum chamber, the surface treatment, and

'material for the vacuum chamber. The vacuum chamber has a

porous layer with a structure in which a pore diameter at the top

thereof is small, while a pore diameter at the bottom thereofis large.

In order to give such a structure to the porous layer, a final
anodizing voltage is set to be higher than an initial anodizing

voltage when the surface of the base material is anodized. After

" the porous-type anodizing is completed, non-porous type anodizing

may be conducted so as to grow a barrier layer. Furthermore, the
base material made of aluminum alloy preferably has particles such
as precipitates and/or deposits with a diameter of 10. & m or less in
average, and the precipitates and/or deposits are arranged in

parallel with a largest surface of the base material.
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Tporés and a barrier | ayer having no pores, the nethod conprises a step
"of performing a porous-type anodi zing ‘and ai step of perfornng 5 a

non- porous anodi zi ng, and the non-porous anodizing is perforned after
t he conpl eti on of the porous-type anodi zi ng. 18. A surface
treatnment for a vacuum chanber and chanber parts nmade of al um num or
al um num al l oys according to 10 <claim 17, wherein a final porous-type
anodi zing voltage is set to be hi gher than an initial porous-type
anodi zi nBI&ollt age. 19. A surface treatnment for a vacuum
chanber and chanber parts de of alum num or alum num al | oys

according to 15 claim

S conti nuously chan edé/or /én 6 bi ;,’r a@ pe/i 087
' /

Y/\Y/ Y’A\/
;0O 1 O /o ! {
A A A A

- -~

anodi zi ng vol t age

/

FIG. 2




20 A surface treatnent for a vacuum chanber and chanber parts nade of
al um num or alum num all oys according to 20 claim 18, wherein a
porous-type. anodizing voltage is di sconti nuously changed for an
arbitrary period. 21. A surface treatnent for a vacuum
chanber and chanber parts nmade of al um num or alum num all oys
according to 25 claim 18, wherein a porous-type anodi zing voltage is

conti nugﬁé h changed
for -t¥ary period |n the _entire por t ype anodi zi ng process,
and is disconti nuousl y c N#btﬂh@lﬂ% p%r bitrary peri od.
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5+ 22. A surface treatnent for a vacuum chanber and chanber

parts made of al um num or alum num all oys according to any one of
claims 18 to 21, wherein the initial porous-type anodi zing voltage is
50V or |ess. 10 23. A surface treatnment for a vacuum chanber
and chanber parts nmade of al um num or alum num alloys according to
any one of claims 18 to 22, wherein the final porous-type anodizing
vol tagg{%-sﬁov or nore. 15 24. A material used for _
manuf @ctur'ng a vacuum chanber and chanber parts nmade of an al um num
al l oys, wherein - precipitates and/or deposits have a dianmeter of 10
[err] megy |ess PATTERNVArage, ther8by di vi RAERERNEGBt resistance to gas
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plasma. 20 25. A material used for manufacturing a vacuum
chanber and chanber parts nmade of an alum num all oys, wherein

preci pitates and/or deposits are arranged in parallel with a |argest
surface of the base, thereby giving excellent resistance to gas 25

corrosion and pl asna. 93
26. A material used for manufacturing a vacuum chanber and chanber
parts made of al um num all oys, wherein precipitates and/ or deposits
haveFiGdifaret er of 10 [err] mor less in average, and at
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5° the sane tinme, the precipitates and/or deposits are arranged in
parallel with a | argest surface of the base, thereby giving excellent

resi stance to gas corrosion and pl asma. 27. A material used
for manufacturing a vacuum chanber 10 and chanber parts according to any
one of clains 24 to 26, wherein . the volunetric proportion of the

preci pitates and/or the depositsiFﬁG_g 2% or | ess




1 AT S g $09 758~ 4
i . : [ 249 T
PCT Tt B E R p R pf‘jr,"

v
b -1 '\!‘}‘s‘% ¥

S %ﬁf@‘ﬁ%ﬁa:g«swr&sﬁém:@maﬁ
ey — ‘ : —

(1) ERARES wosei1530s
19964E5 4 23 H(23.05.96) |

43) EERARA

‘Al

QD EFHEE S PCT/APYS2Z63
(22) EIBRIHMEH 19954F11 /3 6 H (06.1195)
(30) WHEMT— ¥ . o _
HET6/282313 .- 19944118 16 (16.11.94% P
WEEV6/282314, 19944114 16H (16.11.945 TP
%WT7/6623,~ 199535 24H (24.03.95" ) 2

W 7/6623%  19954E37124H(24.03.95 = JP
WT7/68232, "  19954E3H27H (27.03.957 P

) HEA CREEBRLT<T 0?5%(:0»\1)
BXSt FRER : :
(KABUSHIKI KAISHA KOBE SEIKO SHO)[JP/IP]

T651 REREF P REXERRT1T B3#18% Hyogo, OP)
7)) BHAE  BIV :

(75 EHE/HEBEA CRRIZOVWTODH)

AK HHISAMOTO, Jun)JPAP] -

T 655 folE R i K X 8 #.7-3-4-431 Hyogo, (JP)

0 H % FI(WADA, Koji)JP/P] .

T651-22 Sl AR T X 2R % 41-4-4-802 Hyogo, (P)

#.F EKEDA, Koki)[JP/JP]
T654-01 St R EHiAB X A)I| 46-4-8-803 Hyogo, (JP)

- H0) N Be#(YANAGAWA, Masahiro){JP/IP]

T 655 SCHERAT i A KM & 2-3-18 1201 Hyogo, (JP)
74 REA

#rEt AN —UEKI, Kyuichi)

T530 KERFKRERTILE R 52T B3&75

¥ A—ENA0T FEARRFEEET Osaka, (IP)

@1 HEE | -
KR, SG, US, EX##&8F(AT, BE, CH, DE, DK, ES, FR, GB, GR,
IE, IT, LU, MC, NL, PT, SE). . o

BAARES ERWNERES

(54) Tide : VACUUM CHAMBER MADE OF ALUMINUM OR ITS ALLOY, AND SURFACE TREATMENT AND MATERIAL FOR

THE VACUUM CHAMBER

59 BUDEH AL BASSURETF v "SR ECEOREARE L NEF v BH B

_(5T) Abstract

A vacuum chamber with a base of aluminum or its alloy having.excellent corrosion resistance to corrosive

gas or plasma introduced into a vacuum chamber. This chamber has an anodized porous coating in which the pore

* diameter is small on the surface side and large on the base side. For the anodizing, the final voltage is set to a higher

voltage than the initial voltage. After the porous coating is

barrier layer. The alloy material contains particles resulting from crystallization and recrystallization, and preferably
they are smaller than 10 ym in average particle size and in parallel with the largest surface of the material.

lied, a non-porous coating may be applied to grow a
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