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[0005] 2. Brief Description of the Background Art

[0006] Semiconductor processing involves a number of different chemical and
physical processes whereby minute integrated circuits are created on a substrate. Layers
of materials which make up the integrated circuit are created by chemical vapor
deposition, physical vapor deposition and epitaxial growth, for example. Some of the -
layers of material are patterned using photoresist masks and wet and dry etching
techniques. Patterns are created within layers by the implantation of dopants at particular
" C ' locations. The substrate upon which the integrated circuit is created may be silicon,

galliﬁm arsenide, mdlum phosphide, glass, or any other appropriate material.
[0007] Many of the semiconductor processes used to produce integrated circuits
employ halogen or halogen-containing gases or plasmas. Some processes use haloge_n-
containing liquids. In addition, since the processes used to create the integrated circuits

| leave contaminant deposits on the surfaces of the processing apparatus, such deposits are
commonly removed using plasma cleaning techniques which employ at least one
halogen-containing gas. The cleaning procedure may include a wet wipe with deionized
water, followed by a wipe with isopropy! alcohol.

[0008] Aluminum has been widely used as a construction material for
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apparatus has been an anodized alumina coating. Anodizing is typically an electrqutic
oxidation process that produces an integral coating of relatively porous aluminum oxide
on the aluminum surface. Despite the use of anodized alumina protective layers, the
lif"etime of anodized aluminum parts in semiconductor processing apparatus, such as
susceptors in CVD reactor chambers, and gas distribution plates for etch process
chambers has been limited, due to the gradual degradation of the protective anodized O
film. Failure of the protective anodized film leads to excessive particulate generation '
within the reactor chamber, requiring maintenance downtime for replacing the failed
aluminum parts and for cleaning particulates from the rest of the chamber. |
[0010] Miyashita et al., in U.S. Patent No. 5,039,388, issued August 13, 1991,
describe a plasma forming electrode used in pairs in a semiconductor processing
charmber. The electrode is formed from a high purity aluminum or an aluminum alloy
having a chromic acid anodic film on the electrode surface. The chromic acid anodized
surface is said to greatly improve durability when used in a plasma treatment process in

the presence of fluorine-containing gas. The electrode is described as formed from a
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i nclude alum num oxide or alum numnitride. The subject matter disclosed

Igl thi s PR afotn RkRIPYT le8E BN OIBYESY wiiyht! McbiRNapurity atbmsend saidtoy. [ 0012]
. S. Pat ent . 5,811,195 to Bercaw et al., issued Septenber 22, 1998, and
titled: ¢dasist o5merat Remk stirnthaAl maynesimnAtrinsiticnaFeetae semenoductars, aBdui pnent ",
further discloses that the magnesium content of the alum numarticle may be

in the rasge whith fbavtmitohdadtor anmounds. MMobije inepugity awinstgaeticularly num
article. However, for operational tenperatures of the article which are
great er ridmeed iablnd¢ siiééh, Gont ¢upper, chromiwm and zinc. The high purity aluminum-

magnesium alloy may be overlaid by a cohesive film which is permeable td fluorine, but
substantially impermeable to oxygen. Exarmnples of such a film include alurmnum oxide
or aluminum nitride. The subject matter disclosed in this patent is hereby incorporated
by reference in its entirety.

[0012] U.S. Patent No. 5,811,195 to Bercaw et al., issued September 22, 1998,

and titled: “Corrosion-Resistant Aluminum Article For Semiconductor Equipment”,

G

further discloses that the magnesium content of the aluminum article may be in the range
of about 0.1% to about 6.0% by weight of the aluminum article. However, for
operational temperatures of the article which are greater than about 250 °C, the
magnesium content of the aluminum article should range between about 0.1 % by weight
and about 1.5 % by weight of the article. In addition, an article is described in which the
mobile impurities other than magnesium may be as high as about 2.0 % by weight in
particular instances. One example is when there is a film overlying the exterior region of
the article body, where the film comprises aluminum oxide or aluminum. Another

example is where there is a magnesium halide layer having a thickness of at least about
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throughout the article so that there is a uniform transfer of loads and stresses.

[0014] The “Metals Handbook, Ninth Edition”, Volume 2, copyright 1979 by the
American Society for Metals, describes the heat treatment of aluminum alloys beginning
at Page 28. In particular, for both heat treatable and non-heat-treatable aluminum alloys,
annealing to remove the effects of cold work is accomplished by heating within a
temperature range from about 300 °C (for batch treatment) to about 450 °C (for
continuous treatment). The term “heat treatment” applied to aluminum alloys is said to
be frequently restricted to the specific operations employed to increase strength and
hardness of the precipitation-hardenable wrought and cast alloys. These are referred to
as “heat-treatable” alloys, to distinguish them from alloys in which no significant
strengthening can be achieved by heating and cooling. The latter are generally said to be
referred to as “non-heat-treatable” alloys, which, in wrought form, depend primarily on
cold work to increase strength. At Page 29, Table 1 provides typical full annealing

treatments for some common wrought aluminum alloys. The 5xxx series of alloys are



continuous treatnment). The term "heat treatnment' 'appl i4eAVGUESTR00GT num
alloys is said to be frequently restricted to the specific operations
enpl oyed to increase strength and hardness of the precipi | on- har denabl e
wrought aN@ BAE2%| | oys. These are referred to as " heat-té@bgugfoémsal | oys,
to distinguish themfromalloys in which no significant. strengthening can

be achi eved by heating and cooling. The latter are generally said to be
referred to_as "non-heat-treatable" all whi ch, | t d d
e et S AL 2 8 Sra Va8 L JE B S cdepend
The. Exxx TeKes Sies ot AbniR SIS n 0R A D goe e o bt BEetiBuEsS) G
‘..considered to be " - t-t t ahl.e" al unm J | | ed at
O o e o2l LR AP LTI ] AP cfapeal od at
~ 21l oys. o HhsBPRL AT Joein SN e PO NE it RSB AR o o
ranges, while providin uf £.i ci.ent ' ent to erf in th
manner dBSEPT BA PTG B i e Pt AT b A1) ' & ahdard thermal
stress rel] of "nwonsheat-tr " ym » SHSkh 5
series a&q}ﬁis pea%a{l%ﬁgfeﬂﬁfsg}se?g%g%?cEﬁ%{;ﬂégﬁ‘g&aj@%ﬁqﬁ gene@?gﬁ%.ﬁpx%?at es
ATt ol os ST SRR AHoERES Br ot Rl torRlach B g T b fenle el ¥ a1

articles® um n S begin to exhibit grain

growth at,, I SIPELA! HEES ABRGLPREAING (M ordfelRNaN6EHARiEa BiroRsi on_of

. s at e gra boundari'es, which may | ead to cracking

long th i S Lo al BefinRe xﬂjﬁggﬁp@ witagtors al so reduce
?he mech %%%eapﬁ%%ﬁ“@g é?‘w ne azlil y %?/1 gffecti ng\gfbhe uniformty of the

al 1 oy CopnORIALA bidlbiink es o€ !irel Mnab e Hedeipfliion b gomalunahemiahalscat ed
froman al'Umnumarfoy is"to be used in a corrosive atnosphere, it
frequent Eé’th@‘g:ﬁﬁ $BlddRs,AVIAh Aidy ealllte tRekingaldpahe perisboindasies durmgi zed
al um num over” the alum num surface. This is particularly true for
appl i cat LORRiniQS Phe4BoIE Bctdis Slateiubel tietmechanioglgasparieswiche aiday, bysi ve
chl orine or fluorine-

affecting the uniformity of the alloy composition within the article.

=)

[0016] When the article fabricated from an aluminum alloy is to be used in a
corrosive atmosphere, it frequently necessary to provide a protective coating such as
anodized aluminum over the aluminum surface. This is particularly true for applications
of aluminum in semiconductor processing where corrosive chlorine or fluorine- |
( containing etchant gases and plasmas generatgd from these gases are employed. A stable
| aluminum oxide layer over the aluminum alloy surface can provide chemical stability
and physical integrity which is effective in protecting the aluminum alloy surface from
undergoing progressive erosion/corrosion. As described in the Bercaw et al. patents, the
presence of an aluminum oxide layer over the surface of the specialty magnesium-
containing aluminum alloy described therein helps maintain a magnesium halide
protective component at or near the surface of the aluminum alloy. The aluminum oxide
helps prevent abrasion of the relatively soft magnesium halide component. The
combination of the aluminum oxide film and the magnesium halide protective

component overlying the specialty aluminum alloy provides an article capable of long
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but if a susceptor, for example, develops significant surface defects, these defects can
translate through a silicon wafer atop the susceptor, creating device current leakage

or even short. The loss of all the devices on a wafer can be at a cost as high as $50,000

to $60,000 or more.
[0018] It is clear that there are significant advantages to providing an interface

g aluminum alloy with sufficient

e of the | O

1m. It is also clear that it would be beneficial to provide a less porous, dense,

between a protective aluminum oxide and the underlyin

stable mechanical, chemical, and physical properties to extend the lifetim

protective fi

and more stable aluminum oxide film.

[0019] SUMMARY OF THE INVENTION

[0020] We have discovered that the formation of particulate inclusions at the

surface of an aluminum alloy article, which inclusions interfere with a smooth transition

from the alloy surface to an overlying aluminum oxide protective film, can be controlled

by a combination of processing parameters which include: maintaining the content of
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iron concentration ranging from 0% to about 0.03 %, a copper concentration ranging

from about 6.02 % to about 0.07 %, a manganese concentration ranging from about
0.005 % to about 0.015 %, a zinc concentration ranging from about 0.08 % to about 0.16
%, a chromium concentration ranging from about 0.02 % to about 0.07%, and a titanium
concentration ranging from 0% to about 0.01 %, with other single impurities not
exceeding about 0.03 % each and other total impurities not exceeding about 0.1 %.
[0022] In addition, the aluminum alloy is required to meet a particular
specification with respect to particulates formed from mobile im;;urities. Of the
particulate agglomerations of impurity compounds, at least 95 % of all particles must be
less than 5 wm in size . Five (5) % of the particles may range from 5 xm to 20 um in
size. Finally, no more than 0.1 % of the particles may be larger than 20 xm, with no
particles being larger than 40 um.

[0023] The aluminum alloy described above is referred to as LP™ alloy herein.
LP™ is a trademark of Applied Materials, Inc. of Santa Clara, California.

[0024] The LP™ aluminum alloy in sheet or extruded or forged form, or after pre-

machining into a desired shape, is typically stress relieved at a temperature of about 330
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provi des madbiniigoperationaekdveglisbvened that itgy verydmpprtant 3p ilgat 18H¢veasserti ons

to the contrary. When the LP* alumnumalloy article is machined froma

bl ock of theamelstegss in the LE™haluminvag abeisusieg doverspeak tenpeadurasiany| ock of
material after machining, to relieve _stress resulti fromthe.. chining
oper at i ommmnhd@éomé&ﬂef@éﬁ“@ﬁ&?n aHoyss 5@%%9?%3?31%?’3%%@6{; ieve ()

Commonl y eRRsSsHE RIGEHS 6 PR o B Y wper PR el oce”

oo LempLaLite Sl co L, Abou 20 ML M ekl Urdest 1200 e

oo ¢ ebin ol ThRsPsliihe RaumiRa iR HrSferhd o8P LS Wil b ho
grain structure, non-aluminum metal (mobile impurity) distribution and mechanical
properties in the article produced. By controlling the grain size of the aluminum alloy,
the distribution of mobile impurities within the alloy, and the residual stress within the
article tb be anodized, the interface between a protective aluminum oxide film and the
underlying aluminum alloy provides a uniform transition from one crystal structure to
another, improving the performance and lifetime of the article.
[0025] The aluminum oxide protective film is applied using an electrolytic
oxidation process which produces an integrated coating of aluminumn oxide which is
porous to halogens but not to oxygen. Typically, the article to be anodized is immersed
as the anode in an acid electrolyte, and a DC current is applied. On the surface, the
aluminum alloy is electrochemically converted into a layer of aluminum oxide.
[0026] Prior to the anodization process, it is important to chernically clean and
polish the aluminum alloy surface. The cleaning is carried out by contacting the surface
of the aluminum article with an acidic solution including about 60 % to 90 % technical

grade phosphoric acid, having a specific gravity of about 1.7 and about 1% - 3 % by



T s inpor

grain structure, non-alum numnetal (nobile inpurity) diAtGiIA0PoOn and
mechani cal properties in the article produced. By controlling the grain
size of _ j,oum al l oy, the distribution of nobile i ihles.wthin
the all owgncﬁ{%e residual stress within the article toggydash}()@’lgﬁ%md, t he
I nterface between a protective alumnumoxide filmand the underlying
alum num all oy provides a uniformtransition fromone crystal structure to
anot her, _j ' - Wk & : Akt 0025] The
al umi U é%ﬁg é@?. 5‘2‘{%?{1%@#%*5%%%?{%& 0% glf IEB@; r”gl%qflt”fec“l’a%i dati on
process ' C JRte | 8l -u I ichis

por ous t\é@hlg({hégggg@’b%@ tﬁ%’? t(t)p gé%%%“@%?@gf%ma‘ﬁgﬂ ar |Cg?&}é Qg}é"ge anodi zed

- is immrer é&%ipg%oﬁﬁs?me fibofh ?J&luf"% & fdoﬁﬁwéexsﬁds gk ae‘%@n%%c&g ent is

appl i ed. e sur ace°, the alumnumalloy is e[ectroc_ call'y converted
Into a '?bﬂ‘?srhiﬁg tiﬁale%hﬂ&“iﬁ&R@n%ferrk@@c?@th?“‘!ﬂ{ghttﬁgpt’"lﬁné‘_ i&ly'tge process, It

ant to chemcally clean and polish the alum num al'l oy surface.

The cl eapieRgink HrécREd isTolIGMd 1Y a 8aPh26d Wagr Hige surface of the al um num
article wth an acidic soluti'on including about 60 %to 90 % technical
grade ph hgrl c a@dB@qub@th&e@if?oﬁﬁé&itﬁioﬁro@\fﬂéMu&inuﬁpﬁllﬁy surfhcd isshd about
1% - 3 % by 8 4 AUGUST 2006 WD 03/ 066920 PCT/ US03/ 03558 wei ght of nitric
aci d. Thearfied bl, & érebRRe bl EveilimiBintbade iNg onghé Miyysakfaye.i Thé he range  of
about 100C, and the time period the surface of the article is in contact

Wi t h t heanddigitiohigcatibd bittslectaigirally inawatzobhsedGotution konpridiag 19e6emds. This
cleaning and polishing tine period is often referred to as the ""bright

?i p" ti 20 Ydypmeidht yulfiréc acid aahibogt P.5A6 €5 3.0i% byovdigiwedaliyadd.d€heni zed wat er
inse. [0027] Subsequent to cleaning, anodization of the alum num all oy
surface amodiziag tengmeratute, is set withen b earegeiram elpdut\3e® Gitolaboni2f ORjabd fil m on the
all oy surface. The anodization is carried out electrolytically in a

wat er - batypitatlylwittina rangegrdms abapt 76 Oote ebow2 @1 9 by Theartjhle te bef‘amadizedli d and
about 0.5 %to 3.0 % by weight oxalic acid. The anodizing tenperature is
set wi t hfarves asdhejanddeowhid analuginum sheeh pbstandapd 6@H1 serces as the cathode.

We have discovered that it is very important that during the electrolytic oxidation

process the current density, in Amps / Square Foot (ASF) in the electrolytic bath, ranges
from about 5 ASF to less than 36 ASF. Further, the “barrier layer” thickness (shown

as 310 on Figure 3C) at the base of the aluminum oxide film is controlled by the
operating (anodization) voltage, which typically ranges from about 15 V to about 30 V.
Common practice has indicated that each 1V increase in anodization voltage increases
the barrier layer thickness at the base of the film by about 14 A.

[0028] The particular combination of process variables described above also
produces an oxidized aluminum layer which is more densely packed and more uniform
than previously known in the art. For example, the size of the internal pores (shown as
314 on Figure 3 C) within the hexagonal cells of the oxidized aluminum film of the
present invention range in size from about 300 A to about 700 A. This is compared with
previously known oxidized aluminum films, where the pore size varied from about 100
A to about 2000 A in diameter. As a result, the density of the present oxidized film is

generally higher, providing improved abrasion resistance. Depending on the application,



typically within a range fromabout 7 C to about 21 C .4 Al&sarwdecl e to be
"anodi zed" serves as the anode, while an al um num sheet of standard 6061
serves asybhgoe@bode. We have discovered that it is verydos/ninsg t hat
during the electrolytic oxidation process the current density, in Anps /
Square Foot (ASF) in the electrolytic. bath, ranges fromabout 5 ASF to

| ess than 36 ASF. Further, the "barrier layer" thickness (shown as 310 on
Figure 3 B : It e8x tafl@ed bdriednSabeand.7 ahilsad abyutt he
operati ng}e(gé%né?%gﬁ?égfﬁ%n}o?gzgeg!ﬁ%i ch typi gal |y ranges fromabout 15 V to
about 30,5\ . r j)ce has indicated that each IV increase in

anodi zat izgénnl%}g?%gl t{an%%tggses the barrier layer thickness at the base of
the fil mééb’z bout AdhAugH BR28bveThRdRatisd protess ichHEBRL fopanphrtipfecforned

vari abl es descri bed above al so produces an oxidized al um num | ayer which
is nmore ¢epselkphaskad msbentegstuitiahoninumt oy apicky desdtibed knbeBeicawtehe art .
For exanple, the size of the internal pores (shown as 314 on Figure 3C)

wi t hi n t Qe phexagAnabatiellafly dtnéfleeal whefl tizeduminumg allop i PR .0fn addéionpr esent
invention range in size fromabout 300 A to about 700 A. This is conpared
with prehenusd Malkgenaresiziand dlnatdnah anictelishéat|treated besteess febiepardehasdeneng/ar i ed
fromabout 100 A to about 2000 A in diameter. As a result, the density of
the preseni temgesitardofiledsitharsabogeddd 4T, the herforerancelifetimti afghd anedizedd abr asi on
resi stance. Depending on the application, 9 4 AUGUST 2006 WO 03/066920

PCT/ US034&RfubRdudtdreapparates is fianthge iroproved Hireoklist-perforning anrdided aisnipifges

bet ween about 0.7 mls to about 2.5 mls (18 mto 63m. [0029] Although
the abovellayadiciesisionn fomeddsem L b atley wdich hasdeembsat featrd PLCTBFABESS from ()
the specialized hal ogen-resistant al umnumalloy article described in the "~
Ber caw ebeload aboptiB30if €, and whish has tn elesteachgmisaliypprited) alWRBHT B9 uni num
alloy is LP'. In addition, when the hal o%_en-_r si st ant alg : nutlip aﬁti cleis
heat t r egtasertivefilar. rErasquadity off the AFPtacHYVE EPAURG 1S T {ERFRET ‘f’h"r“e 6f%P¥%ss t han
about 330 C, the performance lifetinme of the.anpd] zci_r%e sem conduct or

appar at ugrticle susfach &y cleaRsarieq to JRPLIZERL 35 BFFVEY yn‘{:fs % zed al unmi num

[0030] BRIEF DESCRIPTION OF THE DRAWINGS
[0031] A better understanding of the invention is obtained when the following,

detailed description is considered in conjunction with the following drawings in which: .

[0032] Figure 1 illustrates a schematic three-dimensional structure 100 of an
aluminum alloy 102 having an aluminum oxide (anodized) film 104 on its upper surface
106, where there are defects (particulate inclusions 108) at the interface between the
alloy surface 106 and the bottom of the anodized film surface 109, which cause the

formation of conduits 116 which leave the aluminum alloy surface 106 open to attack by

reactive species.

[0033] Figure 2A shows a schematic three-dimensional structure 200 of an

aluminum alloy 202 having an upper surface 205 comprised of aluminum crystalline

grains 204.
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alloy article is one formed from LPlI alloy which has baesUGusat2006¢ eat ed at

tenperatures bel ow about 330 C, and which has an electrochem cally applied

al um numWyio9dRssops Ot ective film The quality of the prot eq{giTyﬁsogB%R;}ng is

further irrproveé’ when the alloy article surface is cleaned prior to

anodi zation, as previously described. [0030] BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0031] A better understanding of the invention is obtai ned when

the foll ow ng. tail descripLl i j i-N.. GoRj; i @étadM th t he
Bgws the F%%g]ﬂf%e%@%f ?ﬁ"ﬁr ?F.lc'tlﬁe 00/t RHoké Qétaill

fol | ow awi ngS'8HT “AhP gur e ustrates a schematic
t hree- di nensi onal st r uct U @l1h R Yndi 04 o e SNgre st
_al uni nurﬁ’nﬁ‘?{F&&Tlgﬁ%ﬁygﬁ?ééep%%%fghd%%siz'?éwl%l or Csurface 106, rt\Elf/nere t here
--are def eCtéi (éjparé)zimceul %e i nclusions 108) at the interface between the
al | oy suP FRRSOTBE ] & he bottom of the anodized filmsurface 109, which

. cause the formation of conduits 116 which | eave the al um num all oy surface

".106 open to attack by reactive species. [0033] Figure 2A shows a schematic

three-di i onal ¢ &l g dasiohal Jiew oFQathani130mmn upper
surface @ggﬂconprfééfﬁég%ﬁ%?%&?nﬁlgﬁgg}ral l1ne gr ailns 204. 10 4 AUGUST 2006

VO 03/ 066&%9 il ﬁrélg@%ﬁ{n‘gﬁg@fwi ,%%L&%@ﬁéﬁs\%ﬁlé Bo®Sndliides uppsinusur f ace 205

of the structure e detail, where alum num grains 204 have

boundar i LAids R dddGattlutatd Belidfind Mhic08e Riraf e size BOBRiand bogadar i es
206. [Ooﬁitglglﬁagf%&BA shows a schematic three-dinensional view of a

structurg sfz%osw.“i ch is an alum num alloy 302, where the upper surface 306
i ncludes alum num crystalline grains 304 and particul ate inclusions which
re small in size 308a and large in size 308b. [0036] Figure 3B shows a
schematic three-di mensional view of a structure 320 after formation of an
anodi zedgpa¥er ( alRisira o shwwe e sélidnmtic drée-dirmensidral ujspeof sstmicaye 320

after formation of an anodized layer (aluminum oxide film) 304 over the upper surface
306 of aluminum alloy 302. Large particulates 308b have caused the formation of
conduits 316 from the upper surface 305 of anodized layer 304, through to the upper

surface 306 of aluminum alloy 302.

[0037] Figure 3C shows a schematic three-dimensional view of a structure 330
after formation of an anodized layer 304 over the upper surface 306 of aluminum alloy
302. However, only small particulates 308a are present at the upper surface 306 of
aluminum alloy 302, and no conduits are present from the upper surface 305 of anodized

layer 304 to the upper surface 306 of aluminum alloy 302.

[0038] DETAILED DESCRIPTION OF THE INVENTION

[0039] As a preface to the detailed description, it should be noted that, as tsed in
this specification and the appended claims, the singular forms “a”, “an”, and “the”
include plural referents, unless the context clearly dictates otherwise.

[0040] The objective of the present invention is to provide a semiconductor

processing apparatus which is resistant to corrosive processing conditions. In general,
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306 of alum num alloy 302. Large particul ates 308b have Adausgaoehe

formation of conduits 316 fromthe upper surface 305 of anodi zed | ayer

304, thromghsmeotche upper surface 306 of al um num al | oy PEI/USPHORFE Fi gure .
3C shows a schematic three-dinmensional view of a structure 330 after
formati on of an anodi zed | ayer 304 over the upper surface 306 of alum num
alloy 302. However, only small particulates 308a are present at the upper
surf ace B306odf of Bk UPPARALIR Blfbryed3DEN samtimiourcilyi (To cebleghe UMY Rom t he
upper surfac€ 305 of anodized |ayer 304 to the upper surface [%%6' tgf

al um nurgu@%:k@ksﬁ@%rrés@&ﬁ&il aDmiAlhERIdESCRE R Tin GRPPlEd PYIFENTFERF $10039] As
a preface to the detailed description, it should be noted fhat, a%_ used in
this spegs hlueahinllanehidhes appeagededioghereqrrasive BPERFENECIVERHEC 0 " an"
and "the" include plural referents, unless the cantext T’l earI%/ ﬂ'itﬁ(it ates
ot her wi sedtaif @Q:48Hst Jdrensij resistance 20 longesincaertpble paemansh HUIRGI i de a
sem conductor processing apparatus which is resistant to.corrosi e

pr ocessi sgaadirticle e attinlege febrighted in 2 partinyasRnDTo GS\ISSERRGEE %0 T

PCT/ US03/ 03558 the body of the apparatus is fornmed fr al yi num al | oy.
To enabl st fesulss, the ahuminua dlloy used fassheshodyfthepgisle SQH“‘%WHB?#J @m

de
protective filmis applied over a surface of. the alum num all ichis
to be exgpesielizadchaldgengesistanialumignaaloyidd pepd deierBRd 10 %8%36%%“2‘?‘r?whe best
corrosion resistance and | ongest acceptabl e perfor.mangems gl for the
appar at ystents. i It ispartieidarky benefigial g’gF‘hglFiagﬁFé‘Hgﬁ arjlfog lgﬁ}et e% ul aél(rasl'rraﬁgner . As

descri bed above, for best results, .the alum numallo r the body of
the artiaiditioshisis advsatagerysdn beatdtrabthed ma?féa ﬂ%ﬁ%eéséirﬁlr%ggéds)t ant al um nym)

Y o o dSa e Lo B ple e Pt
Fol'ef “pamini oS oA St PR PhE b i f L Al S At oos |
e o om asnia i B¢ SRl FCh A BHlcdss desbiBeattoipuehidcr of the
' semiconductor processing apparatus article formed from LP™ alloy, where the alloy

was heat treated at a temperature below about 330 °C to relieve stress while reducing the

possibility of an increase in the size of particulates formed at aluminum grain boundaries

during the heat treatment, and where an electrochemically applied aluminum oxide

protective film applied using the method described herein performs particularly well.

[0041] For particular applications, the high purity alloy specification related to
particle size and particle size distribution may be relaxed from the requirement that no O
more than 0.1 % of the particles may be larger than 20 xm, with no particles being larger
than 40 wm to a requirement that no more than 0.2 % of the particles may be larger than
20 um, with no particles being larger than 50 um.
[0042] With reference to Figure 1, a structure 100 is illustrated, the structure
comprising an aluminum alloy 102 and an anodized aluminum layer 104 created by an
electrolytic oxidation process. The anodized aluminum layer (film) 104 consists of a

fairly dense Al,Oj barrier layer having a thickness ranging between about 100 A and

sbout 2000 A. The anodized film 104 grows in the form of hexagonal cells 112 with

12



then applied using the electrolytic anodi zati on procesd AE4&TI20ed bel ow i n
detail. A sem conductor processing apparatus article formed from LPTM

al | oy, lloy was heat treated at a tenperature Qut 330 C
to reli\g\}’gég%@ge}’ggsoav\hi le reducing the possibility of an |rl;g§}el§\sﬁbge$n t he
size of particulates fornmed at al um num grain boundaries during the heat
treatnent, and where an el ectrochem cally applied al um num oxi de -

protecti: il | 4i i . i,he r:eige formns

Part i cul SFRAL SRR P Bast fefhit L LU0 AT aha o R Bt ' par ity

al l oy spegcificagt] ok C i 1<;arp:q1|p i P

distri bu‘ffl 8{1}&1@%};}' ngtge F%‘ddgtichgo fQI(l)On(’? %#gh'r ggﬂ%rt%@n%nt taﬁ?{&t?}cﬁioﬁ%‘?é@( han 0.1 %

--of the pﬁﬁﬂﬁﬂlﬁauggxoi)ﬁoﬂn%a%sﬁ RAN2ridhedb hind e Rdntieat BS: €§IDNY | ar ger

than 40 mto a requirenent that no nore than 0.2 % of the particles may be

larger tRafor dfhnMBerWob Bxddh 1O ddrak 88rrRe1aY6r | By A%%e BR88f 2HBizddHIAR1 04 t h

“ reference to Figure 1, a structure 100 i$s illustrated, the structure

COMPri Si Y AhadhetRUALR! A18Y(ndOchoRy fértheatRdhd Bsbed kurTadeUns| AyaimiAl4 creat ed
by an electrol'ytic oxidation process. The anodi zed al um num |l ayer (film

104 consiiklys| 02f i to iR preséneesrsRadhbada Maihirhiiim AMgr100aqheheRadonblodeliess
rangi ng befween about 100 A and about 2000 A. The anodi zed film 104 grows

in the fprBRkhhes agporhsedevdas rebiktanek bhthe bRodiz Al KHiSnu0 ByeM®D3/ 066920
PCT/ US03/ 03558 internal pores 114 which are typically about 100 A to about

2000 A iMowewTEh£logen deps ietisnghdoactivhed speuistaroredativelyesmead] inasizepwithThus, the
principal protection of base alumnumalloy 102 fromthe harsh

pal i de- efudritieddnpbeingresethun aloutrS A if diametey) fpr exagepde. oft he$hbernaletergredexanpl e,
I's dense barrier layer 110 at the base of anodized film 104, and a

magnesi uhatthédede athighprobability lod penetfatiomefitheanodieed gpmmuoy fim by 2b0@ of

alum num alloy 102 due to the presence of nmagnesiumin alum numalloy 102.
The hexdgord Yeodlthsactive fluonm ionHpresent ¢n i gaseous Buonmeagonfaining PAsEE- of t he
anodi zed al um num [ ayer 102. However, hal ogen atons,,ions, and activated
speci es Breamnagiesivuny biljdedta (noy showiny és typicelly only abeiti2eN thiels spéilfg | ess t han
about 5 Ain dianeter, for exanple. It has _been determ ned

desirable to have the anodized film 104 be densely formed with minimal pore 114

diameter and to have the lower surface 109 of anodized film 104 interface tightly with

the upper surface 106 of aluminum alloy 102.

[0043] Mobile impurities within the aluminum alloy form agglomerations within

the alloy which tend to migrate to the upper surface 106 of alloy 102. The agglomerated
impurities, which are typically comprised of magnesium, silicon, iron, copper,

manganese, zinc, chromium, titanium, and compounds thereof, may appear as

particulates 108 at aluminum grain boundaries. If the particulates 108 are sufficiently

large, they prevent a good interface from forming between the newly growing aluminum

oxide film 104 at its base 110 and the upper surface 106 of aluminum alloy 102. The

presence of particulates 108 may cause the formation of gaps, voids, or microcracks,

which create conduits 116 through the thickness of aluminum oxide film 104. The gaps

or voids may form beneath a pore 114 which also creates conduits through the thickness

of aluminum oxide film 104. These gaps, voids and microcracks open a pathway

through the aluminum oxide film 104 which exposes the upper surface 106 of aluminum
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that there is a high probability of penetration of the 4agdisgedotal um num
filmby about 5 %- 10 % of the active fluorine ions present in a gaseous
fl uori ne-eaniapés2mg pl asma. The magnesi um hal i de fil m (nACTHEBYWARISBS
typically only about 25 A thick, so it is desirable to have the anodized
film 104 be densely formed with m nimal pore 114 dianmeter and to have the
| ower surface 109 of anodized film 104 interface tightly with the upper
surface dfy AR talattatcknbymeattivgyspe@es. [ 0043] Mobile inpurities within the

al umi num al |l oy form aggl onerations within the all o jch tend,to mgrate
to the uj90e4] surf RigureQe BoWalkisehemyE, thrpﬁéiuaaﬁﬁlwﬁa?'ét’v\ﬁaﬁt%ﬁ’r'? ?@@s, whi ch

are typically conprised of magnesium_silicon, iro copper mapganese,

zinc,  chwhithungludestaaraluminuanalloy dayss @ﬁ&sﬂl%’@ﬁ%ﬁfalﬁsg%ﬁ)‘*aﬁé E‘gea‘r‘ﬁpzfé i
particulates 108 at al um nurrjgar ain boungari es. If the Cﬁﬂlti cuel %{ngg e108 are

suf fi ci e209 of aliminyen alorekpyerr 2O e Fiswe dBSHOYHER PRIGSEMERH PO PR R G between the -~
newly growing alum num oxide film104 at its base,110 anqjohﬁgar%gper :
surface 2Qfsofofluminmm aAlley BY§TAPZ1 BRSTatng AgmuRLBIanS £V ci at es 108 ma

cause the formation of gaps, voids,.o i Crocrack i t onduits
176° ¢ hr cllyh anaclecRRESS REIORIEGHEH RS Ao 2 g 208! P DO

may form beneath a pore 114 which .also, creates ndui he
t hi cknes@Samﬂ%q%?ﬁFﬁ%Fﬁs&@ﬁd%“F?’l gy le tggréa oaqu,u \/o?gesﬁgghﬂ(;bl%lﬁgéloc?acks

ST f ace Foamih eGP h Do MBI RAGR) 65056020 PCT/ USh) 03556 | oy

Ui co-di (R9AS] ondl BG4 MR G e TIREPE S5 R T oaes A e O um al | @ )
al oy T aybienesias i A ufLfdeer 0 AFUBRE I I0ER HEARE Riee "05

boundar 1 408 SBeu R b B 3 R R m o

particul ates 208 1 1RRas sogul ates are small in size,
9{' faégsespa{ﬁcxﬁﬁg%%%p andldall ngﬁéu

typi cal an a 5m~ The 208b particul ates
[0046] Figure 3B shows a structure 320 which illustrates the effect of the presence

of the large particulates 308b on an aluminum oxide film 304 formed over large
particulates 308b. Conduits 316 are formed from upper surface 305 through to
underlying aluminum alloy layer 302, due in part to structural differences between the
mobile impurity compounds making up the large particulates and the aluminum grain
structure. For example, the aluminum grain structure is face-centered-cubic (fcc), which
has a space group Fm3m (0,), and Lattice Parameter (A) where a = 4.050. This
compares with mobile impurity compounds such as, for example: Mg,Al; having an fcc
structure type, a space group Fd3m (O,"), and Lattice Parameter (A), where a = 28.160;
FeAl, having a mono structure type, a space group C2/m(C,.), and Lattice Parameter
(A), where a=15.490,b= 8.080, ¢ = 12.480, and § = 107° 43'; FeSiAls having a mono
structure type, a space group C2/m(C,y’), and Lattice Parameter (A), where a=6.120,b =
6.120, c = 41.480, and p = 91° ; CrAl,, having an ortho structure type and a Lattice
Parameter (A), where a =24.800, b = 24.700, and ¢ = 30.200 ; MnAl, having a space

group Pnnn and a Lattice Parameter (a), where a=6.795, b =9.343, and ¢ = 13.839 ; and
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are much larger in size, typically larger than about 2@ AWGUSIC464 Fi gure 3A
shows a schematic three-di nensional view of a structure 300 1 ,) which

i ncl udes \gg o3hskgbum al l oy layer 302, illustrating grains @b/05d38 upper
surface 305 of aluminumalloy |ayer 302. Mbile inpurity agglonerates are

present in the form of large particulates 308 b and small particul ates
308a. [0046] Figure 3B shows a structure 320 which illustrates the effect

of the hay g dnfec Sidise Ple, b spdcalepsu anpaldFiceparendtee film
304 for ?ergﬁ%{}glr alvargge |Coarti cﬁfgyzf{ es %%8b ndui t@(gh %16 are formed from

upper S?Aé,a‘ﬂ?erg’gé 1408 104 O his QllustAR8 the/inHbridhstd MM A ARy theapehtity@Z, due in
part to structural differences between the nobile inpurity conpounds maki ng

-up the hange iRPUEibyCatb Ak KhidH e b 128l T irede Fivathailiminvbd teCfotth @ompotndsxanpl e,
the alumnumgrain structure is face-centered-cubic (fcc), which has a

. Space grigh FTEemE@hDD, fori thribdriidatBap@8Edtéhe §riin bhigideries 6f Adufihfdm This 0
“.conpares with nobile inpurity conmpounds such as, for exanple: My2Al 3 having

an fcc gtdibC304, €A pRParionsqialiedidfeesnpestdnedrGhe structarh] tidrhdtestRaoéimet er (A),
where a = 28. 160 ; eAl3 having a nono structure type, a space group

C2/ m( C2aRyminamchndatith apbRaimpeite compéindswiweriadiaates $hy4REOpreberce 868, ¢ =
12.480, and fi = 107 43" ; FeSI A5 having a nono structure type, a space
group Cgiohile2mdyrityesvanpoaints creatBasteaye tvithin( tAy alunhienm aloy aid B20¢tsb = 6. 120, ¢
= 41.480, and R =91 CIAI 7, having an ortho structure type and a Lattice
Par anet efech#jical\phepeeties of tR1alBYGs el 24. 700, and ¢ = 30.200 ; MA 4 having
a space group Pnnn and a Lattice Paraneter (a), where a = 6.795, b =
. 343, 0073 = 13Fig8e: 3C almivsidstrncADEEET wahe Ivyrapsy thaebe oresere9s03/ 03558
2My3Al having an fcc structure type, a space group FdBQgg_dl'%) and
Lat t i cesiBal pastcatates(38)8a dapsonas disrupt the mplacahetaveen thesnpst S4Tacké {Sl‘?ﬁortance
of mnimzing the quantity of nobile inmpurity atons which are available to
react mtutrﬁaummlhugp?-@ncl dretrvenpisianei309 ohalumiagy PEge daies 305 19 %Fﬁ?"fe&F ge
particul ates 308b at the grain boundaries .of al um num %rai s 304. A

conpar i &k perosity dhrangh alNEREs oXde JYSh3Yhis BYFRetyulaF UBRESHERY Ot i s of

aluminum oxide layer 305 is essentially undisturbed, and the lower dense portion 310 of
aluminum oxide layer 310 is generally undisturbed.

[0048] We were able to control two major factors which affect the size and
distribution of the particulates 308. The two factors were the amount of mobile
impurities in the LP™ aluminum alloy as originally formed, and the heat treatment
process used for reducing stress and hardening the LP™ aluminum alloy prior to creation
of the aluminum oxide layer 304.

[0049] With respect to the LP™ aluminum alloy, the composition of the aluminum
alloy is high purity, with mobile impurities limited so that the following weight % of
such mobile impurities are present: magnesium at a magnesium concentration ranging
from about 3.5 % to about 4.0 %, a silicon concentration ranging from 0 % to about 0.03
%, an iron concentration ranging from 0% to about 0.03 %, a copper concentration
ranging from about 0.02 % to about 0.07 %, a manganese concentration ranging from
about 0.005 % to about 0.015 %, a zinc concentration ranging from about 0.08 % to

about 0.16 %, a chromium concentration ranging from about 0.02 % to about 0.07%, and
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al um num and such nobile inpurity conpounds al so indi catA&GEUHRR2000e presence
of such nobile inpurity conpounds creates stress within the al um num al |l oy

and af f eqyGo3/6@@6deani cal properties of the alloy as well. PODABPI/BESHure 3C
shows a structure 330 which illustrates that the presence of small .

particul ates 308a does not disrupt the interface between the upper surface
306 of aluminumalloy 302 and the | ower surface 309 of al um num oxi de

| ayer 30@;@%&%@%{1& Bt fRTh 084 toyatioht G0 e Mith fferhSBIRIGETUIEP 304 i
i ncr easéd. e upper surface of alum num oxide layer 305 is ﬁ:ls,?ntl ally
undi st Uﬁgﬁkceé&g Lh&ut lonaey, cdenael @hert totah IBIO1LESH nobgxgREHRHRRRA! ‘ayer 310
is generally un Tg’sturbed. [0048] W& were able to control @é\ﬁ) ma{)or factors
whi ch aﬁrﬁq@%ogbsmabaﬁo@mamrﬁemimmm byfSperiangmetiod fPLFRYBE5Y The two
factors were the anmount of nobile inpurities in the LPTM al umi num al |l oy as

ori gi nahkyitdOneBEd fGDMS: heat treatment process used for reducing stress
and hardening the LPTM al um numalloy prior to creation .of t#lhe al um num
oxi de |?{){(§3§O]304- Q4 Rjon ¥ the coerppsitionaldimiionpPRPREATH; A Sy, the

(o sl pontrson o arbssayplo 74 9 STVRN G oo
concent rgdsithih 5 paniy size f Fg'm(gb%mf the PAILIGHS 6‘%&38 %’Fgﬁ.t}bgf f/f;iﬁgmrrgélss grllaens e
Conoent ra inarin g dimemiemounal 38 mRESR Gt oot BRRCE I

concentration ranging from about 0.02 %to_a 79 NGeckRidhe AUGUST
2006 WD 183086020 /TTWiIsoe parbisiss being; ﬁgﬁ%@ﬁ%te@é#ég%@raaéﬁygn ?ang(lfdng from 0%

to about 0.010 % w th other single..i Fil] Gackaeskkdred ahapst 0. 03 %
each andised tedeterniak DRFRSIF 46 4 S dl%ﬁ?‘gtéo(ﬂ \bngssbaagékg%no- 1 % The alloy

compos! ta:n(;lnysgeuansd%; tehrg?sganmnt wgselg&r%io% g%rc%@@ﬁé(dswmﬂé%aufpﬁ{enm torcofduct

measurements was a2 KLA TENCOR® Surf Scan machine. The magnification was at

500x in order to assess the constituent particles. The area of each image was about 150

pm x 200 pm. The digital resolution was at least 0.2 um/pixel. At least 40 images were

| taken at random from a sample area of 0.75 inch diameter in order to obtain good

assessment of various areas on the metal microstructure, to ensure meaningful statistical

analysis. The back scattered images were digitally stored to provide for statistical

~
analysis. The images wWere transferred to an image analyzer and the distribution of the O

particles with a mean atomic number higher than that of Al (white in the images) were

detected and measured. The digital resolution allowed for measurement of particles as

small as 0.2 ym. The image analyzer used was IBAS by Zeiss. Particle agglomerates

i i icle’s size
were seen as precipitated particles. The parameters to determine the particie’s

distribution were: the diameter of the area equal circle ¢ = 2 x square root of (A/m),
where A is the area of a particle. The class limits were as follows: 0.2; 1;2;3;4;5; 20;

- 0
40. The number of particles in each class was determined and then normalized to 100 %o

for the total number of particles measured.
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Mol ten nethod for GDVMS. [0050] In addition to the conpdsiuGusTa006
limtations, applicants required the follow ng additional specifications

wi th respgploshofsobse LPTM al uminumalloy. OF the particul giqg,@e9,hsa¥grations
of inpurity conmpounds, at least 95 %of all particles nust be Iess than 5m

in size . Five (5) %of the particles may be larger than 5 mbut |ess than
20 min maxi mum di mension. Finally, no nore than 0.1 % of the particles may
be (. ) [obsrger tGabotaCorforaribd hasuffepet 4 highearibealngitan goy témgnatd Ga  The
anal ysi s techni que used to determne particle size and size distribution
was baserisasr bagdralsaad foe kit ihamge yeanalisihsghupmdity atumsinsmaaiioyngsigiilect r on

. mcroscope (SEM. The. equi pnent used to conduct neasurenents was a KLA
--TENCOR( ri} cBethfcaBearmpoditibn toethe fivg purignaliundaim ebtoyvers have d&@pel forisdér t o
assess the constituent particles. The area of each inmage was about 150 m x
200 m ThepthsghttiabentsolHuvever, teesCR076 labag tordpdsitignsil xaniges pecep@ist 40 i mages
"were taken at randomfroma sanple area of 0.75 inch dianeter in order to
obt ai n gasdmuas sesemeatiomspevided dorpanticutes nbilehmpratied inthe psseituct ure, to
ensure neani ngful statistical analysis. The back scattered i mages were

di gi t al ligvettionewithaeseot/ioceppery manganess; tlramivmang zing. Thedifferspesiver e
transferred to an i mage anal yzer and the distribution of the Iég particles
Wi th a meaperatomeemtrafiomie mpartpnt @s eopner FHgmtion wahiny sgapicendustor RO es) wer e

detected and neasured. The digital resolution all d for, neasurenent of
parti cl esuipsnens s prabler. 2111#{1(%111% nuilished daty f9§§+e ﬁ%%éoal{ﬁé(sm‘ihﬁags t Zei ss.
Particle agglonmerates were_seen as precipitat e(%@g(gr%i cl es The , par anet er s
Yo det erappreximatelpare ke 86 of e particles prsseuR FERIdRS 270 AE T MHETFET ¢ he
area equal circle <p = 2 x_square root of (A/i where A is the area of a
parti cl dn sidge NQ BESIMYIRPARICESIZS ‘éép‘?cbéllqdov@gs ’6.11@2?1?/1%0 pjeseRt aﬂ’,’r%a'g? Bt 4o0.

The nunber of particles in each class was determ ned.a e 1 ized to
100 %  flornedighhen HFCH HHICRLSOTHRIPES &t KRR BLUETIRE V%“’%g%{%ar&gb‘g%k o)

031 066920, RCT| L5031 03566 [0S11 Eabob LRMAY PR/ ieel bt 2 i on

anodization, the 3 % to 4 % of large particles will present localized microcracking and
loosely bonded particulates. Since a typical aluminum oxide protective film is about 25
um thick, there is a possibility that particulates on the C-27 6 aluminum alloy surface
may pass all the way through the anodized film. For purposes of comparison, the LP™
extruded alloy contains less than 0.1 % of particles having a size of 20.m or larger.
[0052] We also controlled the heat-treatment temperature of the LP™ alloy during
stress relief and hardening, so that particulate inclusions would not be increased in size
during the heat-treatment process. The heat treatment temperature during stress relief
and hardening was maintained at 330 °C or lower. To determine the effect of heat
treatment on the size and number of impurity compound particulate inclusions, the test
described above may be carried out before and after the heat treatment process. The heat
treatment process may be adjusted if necessary. As previously mentioned, typically the
heat treatment for stress relief and hardening is performed prior to the creation of the
aluminum oxide protective film over a surface of the aluminum alloy.

[0053] After preparation of the LP™ high purity aluminum alloy article(typically
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276 for general sale for nore than 20 years. This hi gh 4pUrGussT 2806um num -

alloy is simlar in chemcal conposition to the high purity alum num all oy

we have dgwyekegesh for use in the present invention. HowePET/USON@3SSE 276
al | oy conpositional ranges exceed the nmaxi mum concentration specified for
particular nobile inpurities in the present invention, with respect to
copper, manganese, chrom um and zinc. The difference in copp

er .
concentr.atiqn i i stASs RURP&Id Kirdsnatd) othe winttiviernf seartie e r
pr ocessilﬁﬁlu&enéu}}%%{rrtg%t%%@%r problem In addition, published data for the

€276 al | gy, el £i3kesq bgticadaKEERtiellly Blithed). Thechsning evas RTTied| Q4
present I'n extrude

C-276 are 20 mor larger in size. No maxinmum particle

size is g}pﬁ&\%ﬂsﬁ% thT Biusnih$m lakticdd 4 dneciliesdutiorsinsiudingadopt §&7e todh %

anodi zat i‘on Iclf Wil cause problens in terms of creati ré% 4ol ds’fp.% ps or
cracks i anionappddhRftaf il piessplstioncidt, havinp aapsuifi¢ grawity OhabRie hi ARy of
this sur acegprior to anodization, the 3 %to 4 %of |arge particles wl|
present ;qz)ca@wdz.eﬂ%wwefgmsm&a aeid] ThecmSelk yenpamature PENE 2 1§ nce a
typi cal alum num oxide protective filmis about 25 mthick, there,is a

possi bi | jukYaddaif ot 100 G taad themrtitle was BVihe gleaning srivaoR 69 SURF REBOd nmy pass

all the way through the anodized film For purposes of conparison, the LP
ext r udedpabl ViR abaitrs tbabsuttdasednds. Johes clepmmg @%@WWB%“%P% 2 of

201. Imor Targer. [0052] W also controlled the heat-treat Mentchel

of the LPhicklik qg)ichll]pyira@rredm athe Fairight d@n@%ﬁd@ﬁﬁ‘%’éﬁﬂys@lﬁ%‘&g i cul ate
i ncl usi ons woul d not be increased in size duringt eupéat- Hat ment
process. c{Ehdnhtiate it tanthven cortanipants mayde@an gmghe AT ffe

was mai ntained at 330 C or lower. To determne thg ﬁffe th%i t

t r eat mengle@ming tienesis 2@ long, oreasdes éﬂpeﬁh*ﬁﬁ‘f'l? F%PS ka7 iy

i nclusions, the test described above .be carrj.ed re, and after
t he heat okidedilmeamd the Stre degradgsanafe sapidly m%%{lxggggg}en%@& 'eﬁladj usted if

necessary. As previously nmentiqned,. typical l%i.“tc{g’gpf‘ﬂg%h.éé HEAWhd or
e cre

stress r edditibn andomarsdenths GoTresgerer s REY BT ion of the

enperature

and har dening)

al um num oxi de protective fil ghﬁ?‘éﬁ"r'lbagﬁ %;9{)%?_3 9L Lienahiiopmekal | oy. [0053]

After. pebisayatieohicET K "By

1 Aug%%ic%?lg,esthe cleaning process was followed by a deionized water rinse.

[0054] The aluminum oxide protective film was generated using an electrolytic
oxidation process which pfo_duced an integrated structure including a protective film of
aluminum oxide which exhibited improved corrosion resistance. The article to be
anodized was immersed as the anode in an electrolyte bath comprised of a water-based
solution including 10 % to 20 % by weight sulfuric acid and about 0.5 % to 3.0 % by
weight of oxalic acid. The anodizing temperature was set within a range from about 7
°C to about 21 °C . The article served as the anode, while sheet of 6061 aluminum
served as the cathode. A DC current was applied to the electrolytic circuit, taking care
that the current density, in Amps / Square Foot (ASF) in the electrolytic bath, ranged
from 5 ASF to less than 36 ASF. The current density is particularly important, since a
current density of less than 5 ASF will not produce a sufficiently dense aluminum oxide
protective film and a current density greater than 36 ASF produces a film which degrades

during its lifetime, including localized burning, especially at sharp edged areas.
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WO 03/ 066920 PCT/ US03/ 03558 including heat treatnment fMovwu@isTess relief and
har deni ng), the surface of the article which was to be anodi zed was

cl eaned Gahes 6406 cal Iy polished). The cleaning was carri edraosoid¥s
imersing the alumnumarticle in an acidic solution including about 60 %

to 90 % by weight of technical grade phosphoric acid, having a specific
gravity of about 1.7, and about 1% - 3 % by weight of nitric acid. The

articl egog)sg]oer at Upe. ;%ﬁe‘ﬁci,cﬂﬁ OhRAUHIE oWBRockSd variaBlek ARGRdRy tadasetofIFOMC, and

the art was int eaning solution fora time period ranging from
about 30,10 i SecARds330 Thi SidaheaRhieh aNelpReddtish ahgnihimexpter i od,
whi ch i glqyyB?%Qﬁ“?&%g‘fler&ﬁgd to as the ""bright d?p" time, is particularly

o nportaﬂﬁ,? uLiBattlﬁ@anoQiliz%?Bﬁ Eﬁ)ctegsrﬂ;esér%eﬁ(%@pﬁé}%&ﬁera@d@tmbmwtvﬁicﬁémlu@dai n on
the artrcle stdrface. If the <cleaning tine is too |long, craze |ines appear

in the g %@8&%@%&|u£%ﬁq@emﬁhhhml@umemaﬁ iabpAnibusheotitained. dogtadates nor e

.'_rapidly uring the lifetine of the article. In addition custoners for the

corrosi %ﬁg‘i&ﬁi ShANL oSAFhIGARELEE Bat BledSRaRl pares pyititintheshewhgonabbser ve t he
m crocracks worry about what is happening beneath the m crocracks.

Typi cal %l}:m'liﬁlt}ﬁ 0%l RARIIS arREOGESSe BB abotd KDPedl thgbaut AgI00AL Z2a fatks rinse.
[ 0054] e al um num oxi de protective filmwas generated using an

el ect 1 ohyddifed MM SraHLEA U Qe esshodhindicates dibtintethad porastrangeare abewtdPur e

including a protective filmof alum num oxi de which exhibited inproved

cor r osi @no hBShStSANk, dallifigevidiit itel tettbm 1% fiibdgorsdalnargs ez BeWt.d8S t he anode

in an electrolyte bath conprised of a water-based solution including 10 %

go 20 Ykygimeai Rt density i drcthadigh side improvingabasion rwsEtancosR CoRgsioFht  of
xalic acid. The anodi zing tenperature was set within a range from about 7

C t o abeudistante @or.thdfitmarticl e served as the anode, while a sheet of 6061

al um num served as the cathode. A DC current was applied |

- / t.o .t he
el ect r o[Q0S6E Ci r cDest coupmins n@ﬂ)@;hPé’M alloy withipeotecti Voot HIMgRIn: ppg? ﬁﬁ_{H Wi |
Square Foot (ASF) in the electrolytic bath, r ang%[d from5 ASE 1o less than
36 ASF. piEperedund desteddion somwresiomrepistaneeol tHE FYUGHHESo MM FOTRTRLIESITANG, ent
density of less than 5 ASF wi ||l not, pﬁfgduce a suffi cj)en(;[fld;( %gng% 8! um num
oxi de = preatastediuwsing 3 ThidsearrpubRleteht  JEREPEY A PSR EP I han 36" ASE produces a
fil mwhich degrades during i ljfetime, .| udi L orakinz R rihad N,
especi ap.qf9r the IR Y of &Béaocgg@@:m {)y measufing R
by hydrochloric acid applied to the film surface. The test could be made using
hydrofluoric acid, but the state of California will not permit the use of this substance as a
test reagent, so it was not used herein. The hydrochloric acid used in the test was 2 5%
by weight concentration. A rigid, transparent polymer or glass tubing section having a
diameter of about 0.5 to about 1.5 inch, and a length of at least one inch, with ends cut
flush, was sealed to the upper surface of the anodized film on the test coupon. The seal
must be water proof and acid proof and was created in this instance using an o-ring and
clamps. The test coupon, hydrochloric acid solution and ambient temperature was
between 20 °C and 30 °C during testing. The test coupon was mounted so that the test
surface was horizontal and facing upward. No portion of the anodized surface within the
sealed tubing was within 0.7 inch of the edge of the test coupon. The hydrochloric acid

solution was introduced into the tubing to a depth of at least 0.6 inches, and a timer_ was

started or the time was noted. After a minimum specified time had elapsed, the test
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18 4 AUGUST 2006 WO 03/ 066920 PCT/ US03/ 03558 [0055] THeAUsdiSTi2eel ar

conbi nati on of process variables, including the use of LPTM all oy, heat
treati ng wo obe&92¢ han 330 C, and the creation of a protecPCrASAMFFHum
oxide filmusing the anodi zation process descri bed above, generated a
structure which included a nore dense and uniform al um num oxi de filmthan
that previously obtained. Data for _anodize gl%)I ns. | n%%rl] r al iingd cated
that t hecoupommaabbssoyassfoniheriresensreo fifcstiga® fd PubPIgH TS 2pgilirg ranged in
size from about 100 A to about 2,000A. Data for.th odi zed { . pr oduced
by our nfinhedficadHydrashlorisacidreatts ¥iih sErugumnade ‘r"ﬁbr%%g%%ﬁtve Hﬁélé‘{: to about

750 A, falling within the bottom 30 % of the general range. esul t,
the andsivwaydr, hiytirachiomsiacid pradusss & RatiFRegl aé‘i"d’gf OKEW@FMWT%S%hrAegsr?&&{r%&

resi stance and corrosion resistapce for the film_ [0056],T ypons of:
the LPT withthecumimum pioyt dealligeotdhe AUATHITS LK S tJ’rl’i"l t&[P\X%tF%t ﬂl%?‘%%é‘ €& and

tested for corrosion resistance, of the ructure. Eilmec i resi stance -
was t estdumimsimnglloy isieaely dedicaieh by gletn’é@f’ltes TIFiRg fEGp :I:Ibetﬁfg]r Bﬁ‘faﬁg g%rtﬁplﬁse of

the test was to infer the integrit f an, appdi ze i : ing the
time befwaecantigued wﬁli%lbbkéja@%%’n%%“ﬁﬁﬂ?’%dch@?‘i %0@%#’%%3? {eggatggy the film

surface. The test could be made usin fl | GG iad fplied at e of
Cal i f or nﬁeéldwllhydmﬂ%aﬁqewf‘%’@rq?g Sé’oagdt i S&scgggélg%éfg%g%egmgne%%rleagent , SO

it was not used herein. The h ri ' j Hinas a 5% by
wei ght cU%ﬁ@F%t“f‘@d?mﬂe‘ir?vﬁfea?ﬁp{e%g%I%S'r gﬁglm&g?%ﬁggtﬂgﬁ rgflg‘éideatﬁutt)i ng sect i on
havi i . i ; i t | t
D P B Ay v il o o

anodi zed. fil m@%%gdﬁ%hﬁgwﬁgwﬂa%m mnﬁasihsﬁ&;é@fgésmﬁoof and acid
I

proof ant°RgBY is 1nstance using an o-ring and clanps. The

t est cou®§§8 hydr 38@89{5" i6r 26061 SRkkhin? MG oRtRiddit a éteidaed aiddizedwas

bet ween and uring testing. The test coupon was nounted so that

the test  surf iféﬁ}an*ﬁ%' ot nftaEbI8 Gest PuRE €l aftéyambpar 2 haus of t he
anodi zed“¥ g@%ﬁwt I'n t!ﬁe seayle tubing was within 0.7 inch of the edge

of the t Sﬁ:tosxﬁ-g%QQHc avddEeeN Yk 04t Britie BE™hluminum alloy protected by an

anodized film prepared by the method of invention described herein shows bubble test

failure only after at least 20 hours of exposure.

[0058] The above described exemplary embodiments are not intended to limit the
scope of the present invention, as one skilled in the art can, in view of the present

disclosure, expand such embodiments to correspond with the subject matter of the

invention claimed below.
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solution was introduced into the tubing to a depth of atAu@agt2006 6 i nches,
and a tiner was started or the tinme was noted. After a m ni num specified
time had el apsed, the test 19 4 AUGUST 2006 WD 03/ 066920 PCT/ US03/ 03558
coupon was observed for the presence of a stream of bubbles rising fromthe
anodi zed filmsurface. Hydrochloric acid reacts with al um num oxide with
little gas generation; however, hydrochloric acid produces a noticeable
anount of hydrogen gas when reacting wth the alum numalloy. Failure of

t he al um num oxide filmto protect the underlying alumnumalloy is
clearly indicated by the bubbles rising fromthe filmsurface. Testing was
conti mo@djuntil bubbl e formation wdsL rved. After conpletion of the
test, the residual hydrochloric acid was renoved, and the test coupon with
seal ed0@aihi ng Mptliasd: was flushed with ionized water at |east tw ce. The
tubi ng was then renoved and the surface of the anodized protective film
was w ped with deionized water and then with isopropyl alcohol. The film

surface could then be further.inspected if desired. QF .

6061 al uri rhum al Poyigh PUREERINR 310y % 8?‘1.’1”2‘8‘6B@Eﬁggcsgzga}“%?%%%%ﬂfgOin ]
t hi ck shows hydr.ogen bubbl e test failure, after.

o & hanohy r gt egepoeabpar i i St AORTE indRpiles &t Ripe exposure
anodi zed fil m prepared by the foi i itbed; t h
bbbl doliene TREFRRIST G EoReiafioft, plaBi&flm Afu. 0564 BESINSH AL 00T 1OME

aboye ASSE)Dosh SEATPLELK AIORBEFRI &1 SERADAL mangmeeted 001 s et %hanc scope

0
of %hé”%?tséﬁ¥ I nvéenti o skilled™in the art can, in view of the
ﬁ;efefﬁ 1 Qlﬂ%ﬁl )S Ui Bmidi Ran a7 t@grpsti iRk 8.0l Gveight 96, updvhendit b tothiofs ubj ect
mter b1 "THe 1hventton ¢l ai med bel ow. C) 20 4 AUGUST 2006 [0059] CLAIMs
[0080]oti iﬁllpﬁliims present in said aluminum alloy ranges from 0 - 0.1 weight %, with individual
7  other impurities limited to 0 - 0.03 weight % each, said high purity aluminum alloy being

8 employed in the manufacture of semiconductor processing apparatus where exposure to corrosive

9 environments would degrade an aluminum alloy which does not exhibit controlled mobile
10  impurity particulate size and distribution, said high purity aluminum alloy having mobile
11  impurity particulates within specific limits so that at least 95 % of all particles are 5 pm or less in
12 size, no more than 5 % of said particles range between 20 um and Sum, and no more than 0.2 %

13 of said particles range between 50 pm and 20 pm.

1 2. A high purity aluminum alloy in accordance with Claim 1, wherein no more

2 than 0.1 % of said particles range between 50 um and 20 pm.

1 3. A high purity aluminum alloy in accordance with Claim 2, wherein no more

2 than 0.1 % of said particles range between 40pum and 20 pum.

1 4. A high purity aluminum alloy in accordance with Claim 1, wherein no more

2 than 0.2 % of said particles range between 40 pm and 20 pm.
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1 1. Ahigh purity alumnumalloy with controlled part 4GS 28¢6ze and
distribution of 2 nobile inpurities present in said alloy, wherein said
nobile inmpurities are present at the 3 follow ng concentrations or |ower
concentrations, nmagnesiumat 4.0 weight % silicon at 0.03 4 weight % iron
at 0.03 weight % copper at 0.07 weight % nanganese at 0.015 wei ght %
zinc at ( 5 0.16 weight % chromumat 0.07 weight % titaniumat 0.01

wei ght % and wherein a total of 6 other inpurities present in said

alumi num al l oy ranges fromO - 0.1 weight % w th individual 7 other
inmpurities limted to O - 0.03 weight %each, said high purity alum num

all oy being 8 enployed in.the manufacture of, sem.conduct.o OCeSSi

appal at us wher e ex‘gé{%ﬁ}%‘"i%alé‘m‘?%ia %YmQacg?'lr\(/i??anwrrl%lnggl%u{r&H é‘gxgg’aoged %ﬁn

al unj num al.l oy which.does not .exhi bi I il I i

par t4 cul &t gllaé’%{‘z“ewgﬁﬁubﬂ‘ip? IER Ay 2 sfé{[ﬁ%%’ﬂ nlf)og)?lletr@ g‘:‘ﬁer?ijsgﬁfnggﬁd%mﬁavi ng
nobile 11 inpurj.t rii it hi i L g; ihat tidhiuheasd 95
oo of el FOpLRE Blibd o EbSIEE SiRpl L, B Shirgincsl DS ool (b e anY
partj cl r en 20 tmand 5m and no nore than 0.2 % 13 of said
partéliclcg)gnprogﬁ(gsghg%wv\gen 50 gmand 20 m 1 2. A high purity alum num al |l oy
in accordance with Claiml, wherein no nore 2 than 0.1 %of said particles
range between 50 mand 20 m 1 3. A high purity alumnumalloy in

accof dance v th O@h?%)ud%ﬁﬁmiﬂhnﬂﬂldmhacccﬁdidwIwiﬂh.Cﬂa% of whereid spalr t i cl es
range between 40m an Om 14 Ahigh purity alum numalloy in accordance
Wi t hp O @hdhediumb Predkit ana comveatratibrt fanging betwitenhb@aiBd weight %laad abeiide) bet ween
40 mand 20 m 21 4 AUGUST 2006 1 5. A high purity alum numalloy in
5cc03dasmeghtv%th Caiml or daim2, or Claim 2 3, or Claim4, wherein said
particul ates are fornmed fromnobile inpurities selected fromthe 3 group
consi sting of magnesium silicon, iron, copper, manganese, zinc, chrom um
titanium and 4 conpounds thereof. 1 6. A hi %P‘ %:{lr' tf al um num a&ulcp(% in
accotdance w-th C Aimetrod GhRPdRGing a CHresIoptEEnt ‘Fge é‘f‘é%éﬂfer%ltcoré

concentrati on rangin . 5. wei ght % and- . awei gh
% 2 prgct:es(s)ing agpa%:litug, V\?l?grg%ﬁ%gld%g?cl[lé coSmI?nsvélsehgoay c?n%e&i fro%ﬁﬁ péntgl ahﬁm‘?ﬁfng t

alloy, wherein at least a portion of said aluminum alloy body of said article comprises mobile

(W8]

4 impurities present at the following concentrations or at lower concentrations, magnesium at 4.0
5 weight %, silicon at 0.03 weight %, iron at 0.03 weight %, copper at 0.07 weight %, manganese
6 at 0.015 weight %, zinc at 0.16 weight %, chromium at 0.07 weight %, titanium at 0.01 weight
7 %, and wherein a total of other impurities present in said aluminum alloy ranges from 0 - 0.1
( - weight %, with individual other impurities limited to 0 - 0.03 weight % each, and wherein at least
9  asurface of said body which is to be exposed to a corrosive environment is covered with an
10  aluminum-oxide-comprising film, and wherein at least said surface of said body which is covered
11 by said aluminum-oxide-comprising film is an aluminum alloy having mobile impurity
12 particulates controlled within limits so that at least 95 % of all particles are 5 pm or less in size,

13 no more than 5 % of said particles range between 20 pm and Spm, and no more than 0.2 % of

14  said particles range between 50 pm and 20 pm.

1 8. A method in accordance with Claim 7, wherein no more than 0.1 % of said

2 particles range between 50 um and 20 pm.
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1 7. A nethod of producing a corrosion-resistant articHaUausT2e® in

sem conduct or 2 processing apparatus, wherein said article conprises a body
formed fromhigh purity alumnum 3 alloy, wherein at |east a portion of
said alum num al |l oy body of said article conprises nobile 4 inpurities
present at the follow ng concentrations or at |ower concentrations,
magnesiumat 4.0 5 weight % silicon at 0.03 weight % iron at 0.03 weight
% copper at 0.07 weight % manganese 6 at 0.015 weight % zinc at 0.16
wei ght % chromumat 0.07 weight % titaniumat 0.01 weight 7 % and
wherein a total of other inpurities present in said alum num alloy ranges
fromO - 0.1 8 weight % wth individual other inpurities limted to O -

0. 03 wei ght % each, and wherein at least 9 a surface of said body which is
to be exposed to a corrosjve environ .is covered with an 1Q :

al uni num oxi%e- conﬁﬁ?@h‘?fbqucwﬁia%?d“gﬁgfa@?%’ g?‘e‘iegh%cf RV t&é‘%ﬂﬁfé@&%‘? sai d
body which is covered | i b id alum num oxide-conpri sing filmis an

al urd nusrEalesHpnERRAtW BT %Xq fr(gﬁ?’i‘ty 12 particulates controlled within
limts so that at |least 95 %of all particles are 5 mor less in size, 13
no nore than 5 % of said particles range between 20 .tmand 5m and no nore

than 0.2 9% ofy 14 S‘gngc?tﬁ]&gi%ia%&ﬁal{c%%& @ﬁ‘rﬂ@thmiﬂ@xﬁgreﬁgaﬁDQ% &f sd et hod

in abcordance with erein no nore than 0.1 %of said 2 particles

rangse b AUGUST 2006 1 9. A nethod in accordance
Wi t %f a p%&t\{rﬁ%{}a V\geetlggééggl Z@HH‘ ana%OAp

I'n no nore than 0.1 %of said 2 particles range between
40mand 20 m1 10. A nethod in accordance with Caim9, wherein no nore
han 0.2 % of said 2 particles range between 40 mand 20 m 1 11 A net hod
n agcordancg Wit h hrined Tn avdeedice witiClaipa? twiartiatses partecufadesmeel for@ed r om
mobile inpurities selected fromthe group consisting of nmagnesium silicon,
irom CRGAobileImpanasietedziane theghiogniansisting b magmesiuan dilconpHUm 8epper,
thereof. 1 12. A nethod in accordance with Claim?7, wherein said nmagnesi um
i S pB esmntgaatseazing, chooromint, tigeniwn, andregimpguids therenl. about 3. 5 wei ght % and
about 4.0 weight % 1 13. A nethod in accordance with daim7 or Caim?9,
or Claim12, wherein said

1 12. A method in accordance with Claim 7, wherein said magnesium is present at a

2 concentration ranging between about 3.5 weight % and about 4.0 weight %.

1 13. A method in accordance with Claim 7 or Claim 9, or Claim 12, wherein said

2 corrosion-resistance is with respect to active halogen-containing species.

1 14. A method in accordance with Claim 13, wherein said active halogen-

2 containing species are present in the form of a plasma.

1 15. A method of creating an aluminum oxide protective film on the surface of a

2 high purity aluminum alloy, wherein said high purity aluminum alloy comprises mobile

3 impurities present at the following concentrations or at lower concentrations, magnesium at 4.0
4 weight %, silicon at 0.03 weight %, iron at 0.03 weight %, copper at 0.07 weight %, manganese
5 at 0.015 weight %, zinc at 0.16 weight %, chromium at 0.07 weight %, titanium at 0.01 weight

6 %, and wherein a total of other impurities present in said aluminum alloy ranges from 0 - 0.1
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2 corrosion-resistance is with respect to active hal ogdmUsgi$Ia#6 ng
species. 1 14. A nethod in accordance with Caim 13, wherein said active
hal ogen- 2 containing species are present in the formof a plasma. 1 15. A
met hod of creating an al um num oxi de protective filmon the surface of a 2
hi gh purity alum num all oy, wherein said high purity al um num al1 oy
conprises nobile 3 inpurities present at the foll owi ng concentrations or at
| ower concentrations, nagnesiumat 4.0 4 weight % silicon at 0.03 weight
% iron at 0.03 weight % copper at 0.07 weight % mnanganese 5 at 0.015
weight % zinc at 0.16 weight % chromumat 0.07 weight % titanium at

ai unh navE eyt e Bipee Mt 2 i B Bo s TR B, RoRpfahe: | 91 C
al ur Tl oy FABESTER 81D P DLST 2006 7 VeTont B W in
o epociity Gt FEARE 4 Bl Rt B o B Gt o

pro S%ﬁ ;Jsrg}fz}(\% Mrseg ﬁ% glggno?fériﬁ 3f Gcili 1 IBEAS Q4thasScatibd8 Reserised cianaci d

el ectr h a ca conprised of an 10 al um num al | oy, and wherein

a D CUr[entm S1c3PRld BlkreitRab@chrrediislagiticd, whaeinsaldydckl dlectmiyaiser watdd based
soP&%i %&Jnglgtr}%]riﬁlso' hg 10 O;(?to 20 % by we@ght sulfuric acid and about 0.5 %to

3. 0; b bysekZsofRicaon¥Rlnga 026 6120 Wby @ieizhs ail flrjoraoidemiliabeutfa.3 th fos3.¢ Vet ed at
a tenperature ranging fromabout 5 13 Cto about 25 C, and wherein an

app|i edy&akitoxatic Saasyhateiafsaid gircteET ediinT ismteatedrag e seripayatuf rapging fromuabogt 5
36A/ft2. 16. A method according to Claim 15, wherein, prior to exposing
sai t alo@rigabiout 25 aC) md wharéinee applicskdudrent éasity Pl3aid DEXUITARS r@ﬁgeﬁrft%fég Misaig
mrface is cleaned by contacting said 3 surface with an acidic solution

i th itadbud@&s about 60 %to 90 % by wei ght of technical grade 4
phosphoric acid, having a specific gravity of about 1.7, and about 1% - 3 %
by weight of nitric 5 acid, wherein said cleaning is carried out with said

aluminum al l oy surface at a tenperature pn 6 the ran of . t for
atihe perio -rangi4’&@"‘"fft}t‘‘%511‘1Ce‘aiﬁ"cﬁiﬂnf?g t§8&§‘é‘&<‘)$7d§hef%ma%boﬁttg§ Séngggfréo?sl&&fﬁ}l?. A
met hod in accordance with Claim1l6, wherejn i i ng of
T 0 RSO aNeS Mol A5, pMISLELI SWARE R Slnck By Behieeaty
P OCeSSourfald iR URTRAGE dotutldhRefich imdlutel Bochit 4801 FE% Bakaghidffchnical grade

4 phosphoric acid, having a specific gravity of about 1.7, and about 1% - 3 % by weight of nitric

5 acid, wherein said cleaning is carried out with said aluminum alloy surface at a temperature in

6 the range of about 100 °C, for a time period ranging from about 30 seconds to about 120 seconds.

(" 1 17. A method in accordance with Claim 16, wherein subsequent to said cleaning of
2 said aluminum alloy surface and prior to said electrolytic oxidation process, said surface is rinsed

3 with a deionized water rinse.

1 18. A method in accordance with Claim 15, or Claim 16, or Claim 17, wherein
2 said aluminum oxide protective film exhibits hexagonal cells having internal pores ranging in

3 size from about 300 A to about 750 A in diameter.

1 19. A method in accordance with Claim 15, wherein, prior to creating said

aluminum oxide protective film on said high punty aluminum alloy surface, said aluminum alloy

(8]
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1 18. A nethod in accordance with Caim 15, or daim l1@8AuwgusTizaogm 17,
wherein 2 said alum num oxide protective filmexhibits hexagonal cells
having internal pores ranging in 3 size fromabout 300 A to about 750 A in
dianeter. 1 19. A nethod in accordance with Caim 15, wherein, prior to
creating said 2 alum num oxi de protective filmon said high purity alum num
alloy surface, said alumnumalloy 24 4 AUGUST 2006 3 is heat treated to
relieve stress and increase hardness, wherein said heat treatnment is
carried out at 4 a tenperature of 330 C or at a |ower tenperature. 1 20. A
met hod in accordance with Caim216 or 17, wherein prior to creating said 2

al um num oxi de protective filmon sai.d high r. ] i : r,f ace,
sapd KIhgak tFRAFRAP FOIPVe 8T aH%H}cretaF%gelrglaesg ’o‘gl}eerﬁdeséltgmg tg'J rtggéﬂérﬂgﬂr? é%'drrllg?de%geat

har dness, wher ei i.d_hea [ is carried out at 4 a tenperature of
336 @Eﬁmpéfa“éreloé\?ﬁéﬁ?a{:gﬁﬁtear%t“}ﬁfge%%? " A nethod in accordance with O aim

15, wherein, prior to creating said 2 al um num oxide protective filmon
said high purity alumnumalloy surface, said alumnumalloy 3 is heat

tr zat ed to,peli e\Aemgl:h'Eﬁ%?a&@ﬂlab&@%ﬁﬁ@aihﬁf@&eﬁﬁ wheh@t @iior sadreatinganid
treatment T's carried out at 4 a tenperature of 330 C or at a | ower

tegpeldhiifidm ofrde protective film on said high purity aluminum alloy surface, said aluminum alloy

3 is heat treated to relieve stress and increase hardness, wherein said heat treatment is carried out at

4 atemperature of 330 °C or at a lower temperature.

j 1 21. A method in accordance with Claim 15, wherein, prior to creating said
2 aluminum oxide protective film on said high purity aluminum alloy surface, said aluminum alloy
3 is heat treated to relieve stress and increase hardness, wherein said heat treatment is carried out at

4 atemperature of 330 °C or at a lower temperature.
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