WD 03/ 066920 PCT/ US03/ 03558 [0001] HALOGEN- RESI STANT, ANCDI ZED ALUM NUM
FOR USE | N SEM CONDUCTOR PROCESSI NG APPARATUS [ 0002] BACKGROUND OF THE

| NVENTI ONWO[03063p0 1. Fi el d of the Invention [0004] |n genecalysos/bssspr esent
invention relates to a nethod of fabrication of sem conductor processing
apparatus froman alum num substrate. In particular, the invention relates
to a structure which provides a particular interface between an al um num
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i nvol ves a nunber of different chem cal and physical processes whereby
mnute integrated circuits are created on a substrate. Layers of nmaterials
whi ch mak@0dp t he i nt egr atB4CHGROQUNRQF dHHRINYENTYMEni cal vapor

deposi tion, physical vapor deposition and epitaxial growh, for exanple.
Sone of {00®3]l1ayer Figd offhedrivarkior e patterned using photoresist masks and
wet and dry etching techniques. Patterns are created within | ayers by the
i mpl ant af00od] of dipental,ale pasdnt iveation fetated toanaethddef fabkisdtioatod, upon whi ch
the integrated circuit is created may be silicon, galliumarsenide, indium
phosphi desmigbmbstor @roassin® épparatapFomen adeinuat sbstadte. [OPOHGulamthg of t he
sem conduct or processes used to produce integrated circuits enploy hal ogen
or hal ogéentiont iatésrtg aghneirowhishasonides aquricylerdntssesbeiweehan ogen-
containing liquids. In addition, since the processes used to create the

i nt egr at eldmanym ginface and aluanigem: apdneerlyinegpbal usfaeh Threinyentiondése relates he
processi ng apparatus, such deposits are commonly renoved using plasma

cl eani ngtaaEaiod @ sradyries tgstaiacil sfedde. one hal ogen- cont ai ni ng gas. The
cl eani ng procedure may include a wet wipe wth deionized water, followed
by a wipe with isopropyl alcohol. [0008] Al um num has been wi dely used as a
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[0006] Semiconductor processing involves a number of different chemical and

physical processes whereby minute integrated circuits are created on a substrate. Layers
of miaterials 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
locations. The substrate upon which the integrated circuit is created may be silicon,
gallium arsenide, indium 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 halogen-
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 isopropyl alcohol.

[0008] Aluminum has been widely used as a construction material for
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ti mes because of its conductive properties, and generally because of its
ease i n fwbriBoeteon and its availability at a reasonabl e pCraso3/bassever,
alum numis susceptible to reaction with hal ogens such as chlori ne,
fluorine, and brom ne, to produce, for exanple, AICl13; Al12Cl6i Al F3; or
Al Br3. The alum num fluorine conpounds can flake off the surfaces of
process appdoatiuGoPRbtisatiofa@diphgngat tikeobkcagsefdy cohdudige papesicshamsel ves,
and serving as a source of particulate contam nation of the process
chanber (g@netapppbécups ofitsoeade imfabtieatiohandes jvailybidyy efa tchnalsleppoeinds

contai ning alum num and chl ori ne and many of the conpounds contai ni ng
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processing conditions, which gases | eave the alum num substrate. This
creates woi dwniineth@retucacion exampihiAlfls AhGds AlFg os ARt The 2lunseedt e and
produce a surface having questionable integrity [0009] A preferred neans
of pr ot edkiorge @%p@ndmcmaﬂlmﬁf&@éyrfmeshvifnrq@mcﬂ@psranép)@as,@@u%ngmars been an
anodi zed al um na coating. Anodizing is typically an electrolytic oxidation
process temiﬂngﬁmfébeams ﬁh@@g@lms érbia&er\ﬁgaa#aﬁ@m plRarjcy@eous al um num
oxide on the alum num surface. f pite the use of anodi zed ﬁl umi Pt%e
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em conduct or oce n ar at ch t or CVD react or
ihanber S%O’é‘ﬁﬂmg{iyﬂ‘i%gc‘?gg ﬂﬂgip YR ﬁg‘if@ég?%?n : %tftgg@grggo YR s been
Ilmted uetotgg(g_?adual Cgﬁﬁ% nof the protectiye anodized film
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i ssued AU escribe a plasma Tormn ectro e us n pairs
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the el ectrndlanSHASRER an HREAiE ABnfhaEhithe? n&%&ﬁﬂg is typically an electrolytic
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
lifethne 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
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
chamber. 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



surface is said to greatly inprove durability when used in a plasm
treatnent process in the presence of fluorine-containing gas. The

el ect r odewp3demer i bed as fornmed froma 2 WO 03/ 066920 PCPCUE383/03568 hi gh
purity alum num such as JI'S 1050, 1100, 3003, 5052, 5053, and 6061 or
simlar alloys such as Ag-My alloys containing 2 to 6 % by wei ght

magnesi um [0011] U. S. Patent No. 5,756,222 to Bercaw et al., issued My
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Sem conduct or Processing Equi pnent”, describes an article of manufacture
usef ul ialloyesidhoasdAgMe aljpys centgining 2ue & iynetighlasagneswady fornmed from a
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0.1 %t doabbut 1.6% BytembNgnl,75@23hierBareavoelghoissuadMarrbi Fa98a3nd tgf “or at
| east in the surface region which is to be rendered corrgsi.on-rgsistant,
and a nol§idrepsianiesistany AdvaiedALiése Fer Sqnasendupton Poocssspgh FaHBMGRt :  Mobi | e
inmpurity atons are said to consist of netal atons other t.h@n nesi um
transi t j dssenibesenartisle efemprEAGIEUSFR MSSAICORIBGHRT BIRLESISoY P &#@gﬁauct or

conpounds. Mobile inpurity atons particul arl naned i nclude. silicon, iron,
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magnesium alloy may be overlaid by a cohesive film which is permeable to fluorine, but
substantially impermeable to oxygen. Examples of such a film include aluminum 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”,
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



nobile inmpurities other than magnesi um may be as high as about 2.0 % by
weight in particular instances. One exanple is when there is a film
over | yi ngwoOha/oesee@ri or region of the article body, wherePChaSh3/HIsss
conprises al um num oxi de or alum num Another exanple is where there is a
magnesi um hal i de | ayer having a thickness of at |east about 3 WD 03/ 066920
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incorporated by reference in its entirety. [0013] For an alumnumalloy to
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must not onI]y exhibit the desired magnesjum content and | ow | evel of
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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



har dness of the precipitation-hardenabl e wought and cast alloys. These are
referred to as "heat-treatable" alloys, to distinguish themfromalloys in
whi ch no wogaioédoe@nt strengt heni ng can be achi eved by he&Cirrugoznodsgool i ng.
The latter are generally said to be referred to as "non-heat-treatabl e”

al l oys, which, in wought form depend primarily on cold work to increase
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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 generated 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 ailoy. 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



and physical integrity which is effective in protecting the alum num all oy
surface from undergoi ng progressive erosion/corrosion. As described in the
Ber caw etwalo3/op@eents, the presence of an al um num oxi de PCayEsn3/e588 t he
surface of the specialty nagnesium containing alum num alloy described
therein hel ps maintain a magnesi um hali de protective conponent at or near
the surface of the alum numalloy. The al um num oxi de hel ps prevent
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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] Tt is clear that there are significant advantages to providing an interface

between a protective aluminum oxide and the underlying aluminum alloy with sufficient

stable mechanical, chemical, and physical properties to extend the lifetime of the

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

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



bet ween a protective alum num oxi de and the underlying alum numalloy with
sufficient stable nmechanical, chem cal, and physical properties to extend
the |ifetwomsobesethhe protective film It is also clear tha&CTiuSowmsssl be
beneficial to provide a | ess porous, dense, and nore stable al um num oxi de
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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 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 impurities. Of the

particulate agglomerations of impurity compounds, at least 95 % of all particles must be

less than 5 um in size . Five (5) % of the particles may range from 5 um to 20 um in

size. Finally, no more than 0.1 % of the particles may be larger than 20 um, with no

particles being larger than 40 xm.

[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



exceedi ng about 0.03 % each and other total inpurities not exceedi ng about
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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 aluminum 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 chemically 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



the distribution of nobile inpurities within the alloy, and the residual
stress within the article to be anodized, the interface between a

pr ot ect i weOoaBmeddaum oxi de filmand the wunderlying al um neeTaiSV®g3588% ovi des
a uniformtransition fromone crystal structure to another, inproving the
performance and lifetime of the article. [0025] The al um num oxi de
protective filmis applied using an electrolytic oxidation process which
produces weighhefogirataedl. cdhe amigledtmptranirndumngdleraingis cipi¢adly ipdraousse o

hal ogens but not to oxygen. Typically, the article to be anodized is

i mrer sed ofsbouh)03Roded ihe tate Regicd thd wefeeoplthe artieluisin omtadimidnbei s appl i ed.
On the surface, the alumnumalloy is electrochemcally converted into a
| ayer of Wfamapivtiog @ag eS[mel}oqbﬁgé@ ahoyt | Ao sesand. ZIdHs Jpapnrgards, it is
inportant to chenmically clean and polish the alum numalloy surface. The
cl eani ng RAIsBRE L PHIpd 159ﬂ@bwfeaaeﬁtﬁ@s thee aright diry’ tirgg. Tﬁacaﬁymnum article
with an acgidic solutio |ncI aboyt 60 %to 90 %technical grade
phosphor i eaéleigdeﬁeééil%g 8“’5?)5 @nbzteg\y\ia{esy &f€-about ' 1.7 and about 1% - 3

% by 8 06692 CT/ 3/ 03 8 d I
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the t d,th f f th ticl t act th, th I

Sol ut{ on PP SR AbbAT 250 Beapont o148 AL tiag ‘a’ﬁ‘op'ﬁ%’ugf Selitng and
pol i shi n?/anpﬁﬁh &t 'cgg'led u?&%@t?ol&f?éa 5/01? ?&a?%'auzasédqﬁ th g@gsgféﬁO ‘% tJe-

Typi cal | anln process’is el rrnse.

[0027] SubshRMich ufﬂlﬁegaaqndgs@g'oa otsambyw ghianumal gy surface is

carried out rotec umnumo m on the all oy

surface. Qg Béx% Of sePwhid Bl LHImEbSG!S & ¥ dicfl by °Cllaft val er - based

sol ution corrpr|5| n % by~ wei ght sul furic acid and about 0.5 %

to 3.0 /Otgg thmomhg&fraﬁla@ou%ec teraeslﬁtzmnq:tmaﬁ@l%%evﬁn&ﬁ&edm thin a
range fro out 5 'Cto about 25 'C, and typically wwthin a range from

about 7 'serle® a@BiRUhodd; wiile.an BEnidlunl k&t of 6taBGard F0OMEctRst as tBEEatRSdeas t he
anode, while an alum num sheet of standard 6061 serves 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 .3C) 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,



We have discovered that it is very inportant that during the electrolytic
oxi dation process the current density, in Anps / Square Foot (ASF) in the
el ectrol ywpo3bedkg ranges fromabout 5 ASF to | ess than BETASE3/0FH t her,
the "barrier layer"” thickness (shown as 310 on Figure 3C) at the base of
the alum numoxide filmis controlled by the operating (anodization)

vol tage, which typically ranges fromabout 15 V to about 30 V. Comon
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increases the barrier layer thickness at the base of the film by about 14
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[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.

10



protective film The quality of the protective coating is further inproved
when the alloy article surface is cleaned prior to anodization, as

previ ouslwodasemebed. [ 0030] BRI EF DESCRI PTI ON OF THE DRAWCHGS03/@338] A
better understanding of the invention is obtained when the foll ow ng,

detail ed description is considered in conjunction with the foll ow ng
drawings in which: [0032] Figure 1 illustrates a schematic .

t hr ee- dijpns] onal Fighre kB ticvsiBO upfer anrfacal20fiofi thm diticbye 200 ihaeradsiath

al um num oxi'de (anodi zed) film 104 on its upper surface 106, where there
are def eghére GRafibinaraihe 204 bivedioondare§ 896 aithtpactiquiate il ORPEFs R e

all oy surface 106 and the bottom of the anodi zed filmsurface 109, which
cause t h@ithindyouadars 266. conduits 116 which | eave the al umi num al | oy surface
106 open to attack by reactive species. [0033] Figure 2A shows a schematic
t hree-di nensi onal structure 200 of an alum num alloy 202 havi ng an upper
surface 205 conprised of alum numcrystalline  grains %04 %%003/ 066920
PCT/ USO3J003558 [ Big# 3 Aslpwvea stBempdtiiresndimeppiopalsyiey o @ 58 he

structure 200 in nore detail where al um nu ins.204 have boundari es
206 Wi t hwhizhtis mﬂbﬁ@%éﬂ@ﬁé?%swwﬁf&r%@ﬁﬁ“gﬁﬁ%ﬁ% W%‘B%ﬁ&&r"?‘%‘%mzoa. [ 0035]

Fi gure 3A shows a schematic three-djnensional view.of a 5300
whi ch i scrastabing grainm3 M WW}atW%L@OPH& p sTgilin gige 3@%29 %ﬁg Fagﬁ%s

alum num crystalline grains 304 and particul ate inclusions which are snall
in size BO®E 394 | arge 1in size 308b. [0036] Figure 3B shows a schematic

t hree-di nensional view of a structure 320 after formation of an anodi zed

| ayer (alum numoxide film 304 over the upper surface 306 of al um num

all oy 302, Large particul ates 308b h ! - £.07 oY iRk 3260Ndui t s
316 fromQ0R8! upper8HF ?’ECS o35 s%engﬁ%éﬁg%?@%%é%@&i (E% ough to the upper
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 used 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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surface 306 of alum num alloy 302. [0037] Figure 3C shows a schematic

t hree-di nensi onal view of a structure 330 after formation of an anodi zed

| ayer 304wowamedobe upper surface 306 of alum num alloy 3@2TI/Udowe3s88, only
smal | particulates 308a are present at the upper surface 306 of al um num
all oy 302, and no conduits are present fromthe upper surface 305 of

anodi zed |ayer 304 to the upper surface 306 of alum num alloy 302. [0038]
DETAI L EBh&ESGRb Phk @b £oktud teFoimedEiTh @i o[ 100i38in Abya Toreahbledhe duppsinget ai | ed
description, it should be noted that, as used in this specification and

t he appendgdo eésistRBrroditrg asiahgnihem dxatersoteative fllanis, apahietl ovasa surfassdfude
plural referents, unless the context clearly dictates otherw se. 11“0040] The
obj ect i utae afuntihemplle ewhichi inYeele ¢xpos¢dstottbe poronsi hepracessing EBHAUERGE- 10
processi ng apparatus which is resistant to corrosive processin ondi ti ons.
| n generdtsin tHelbeAD-@BysiBESsi g amE BN st eptahlp seieaRAnes hfert\’é“ea%bé*ﬁat us is
formed froman al um num al I_o¥. To enable the al um num  all 0% éo resi st

cor r osi cappamtisariieketherasizlede fabristted (1 ¢ partipylar manpgs, ASEeSERSH 20Cf ace of

the alum numall oy which is to be_exposed to the corrosiv r ocessi ng
envi r onrhsst resits, thaptumipumadloy aised @EF@%@@@W&%WP@%%“@WH%’EW&E@ ma

abr | careaciihze TRErTeER B Jly s L b desapbrbin e Perisd Uest 0.
Spec al [EARICh okt SURET AL TRAEoIa) TR G POy oy (R e GULE "Ded in the -
a1 oy 1 adden 15 afipfeeqts e Hepb R sfimtam ok et BEPEMRE T {Teat e
Than abauresste ¢ erBraRE: B hihaf Mg S G B B A P i
over. 2 SHERARS, Alial A 30BA BHEe BF bl Chfurad DeRluIT leofitd Mchss then

appl i ed ectroly I on process described belowin

detail. then %ﬁ{l%gqgjﬂ‘égf;@éle&fo‘?ﬁ?aﬂoﬁﬁaﬁmﬂ&&é&%e?éﬂﬂeﬁ|b€10fupﬁ1r&¢hif. rem LPTM

al | oy,

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 relaJ;ed from the requirement that no
more than 0.1 % of the particles may be larger than 20 wm, with no particles being larger
than 40 xm to a requirement that no more than 0.2 % of the particles may be larger than
20 pm, with no particles being larger than 50 .m.

[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,O; barrier layer having a thickness ranging between about 100 A and
about 2000 A. The anodized film 104 grows in the form of hexagonal cells 112 with
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was heat treated at a tenperature bel ow about 330 Cto relieve stress while
reducing the possibility of an increase in the size of particul ates forned
at al um rmamogiedono boundaries during the heat treatnent, &0U/USFOIESAN

el ectrochem cal ly applied al um num oxide protective filmapplied using the
met hod descri bed herein perforns particularly well. [0041] For particul ar
applications, the high purity alloy specification related to particle size
and par t ini¢reakpares Hidwhichars thpicatiyatout &) dste dbdut@APQ Rendéagusteement t hat no
nore than 0.1 % of the particles may be larger than 20 ,um wth no

parti cl edensaring dnathg epnditionsre 400dimtios. ghﬂ@dﬁ@ prenfipAl Prdiegtion@i®ase than 0.2 %
of the particles may be larger than. 20 scm_ wth no partjcles being |arger
than 50 2lyminymadley 10¢ Ry the Bamsh balidegenriched plagma gnironmepting GHP | s

illustrated, the strycture  conprising an alum num allqy 102 d

anodi zedreapfeﬁfmmwaf}é EXafepie.ds denss FaBiFr gqa(er bl Geatitherpase Pga%sél%?gtaﬂ%ﬁg% ocess.

The anodi zed al um.num J. ro(fil 4 consists of a. fairl ense A1203

barri er %maﬁawwa@afl&?%ﬁ&&agﬁﬂﬁ PIRE R: e BPP L S ce 16 Ofaffﬁfan%out
film104.grows. in.the form n cells ;112 with

2000 A [ f |

12 VO 03 B0 R0 ISCe ST 06S sfiunhinelyoris Sy ) i L
t 10 to. t. 2000 i I t i.ng. iti

nodi zat { BRoTHONS @ Erecheisd st AAEER BE e sRORPRLR R [ Rl | oy 102

f t heh h [ i - i ! ; i ] c

Chonber  HPREVD:, BRLAPHSAL (GHE o iR IR P LORTRR VY ol R HERFH |

film 104 ) i m i 3 t f .

sur f ace. Ty iofly FEREES, h dhd 08 b (BclD) oP BOMIe, REHE Lol il E)

al um numypal oy i%%zhi%ﬁr @L%bslﬁmggﬂ%eﬁetfaﬁbh of tht Lo GiR8 AliRithen Hnibhabe@dsed wear
t he anodi ze | u 102. Ho

resi stance o num | ayer wever, hal dgen atons,

I ons, and, agj 4VsH 8 adRRGIuBAnS0Rs HRIsaltiN §lodscd iR fhoride-&nfningipldimaf | UOr i ne
ions being less than about 5 Ain diameter, for exanple. It has been

det er m mege mhBadsiirA BARAd Sind(nBt HowaY) PEPichily ¥ni9fabe@iStA aficlgRoofist he anodi zed
alumnum fil mby about 5 %- 10 %of the active fluorine ions present in a

gaseous {dsitablene heedthaafddigeddilasTO 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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The magnesi um halide film (not shown) is typically only about 25 A thick,
so it is desirable to have the anodized film 104 be densely formed with

m ni mal peOd3L4A20 di aneter and to have the | ower surface PO¥/usb3/easssli zed
film104 interface tightly with the upper surface 106 of alum num all oy
102. [0043] Mobile inpurities within the alum num all oy form aggl onerati ons
within the alloy which tend to mgrate to the upper surface 106 of all oy
102. Thellagdl@re rttaby ieagiyeispécass; whi ch are typically conprised of
magnesium silicon, iron, copper, nanganese, zinc, chromu titanium and
conpound8044ier eof Figrag2Asbews 2 sehemsiie tirgerigp@sionahvigy °£Iag}ﬁ‘%]dm ai n
boundaries. If the particul ates 108 are sufficientl | grge, they prevent a
good i ntveitlaieslides anpdipinng ey \aveh29h lursaiys mzﬁé a&ﬁﬁﬂipﬁﬁﬁﬁ“%%?de film

e o e S L W AL
T e s
R
pCT) USoSHBesBaheutntroye 1o i bt by i T SHEL B MGG e o

Zgogfu?ﬁ%%g}%gﬁh%%eﬁt%g% %g%ﬂﬂﬁ?ge%lthéﬂ[a%‘%%o gmst ructure 200 which includes

Strating grairns 204 at the upper surface

oo Sﬁlobg%]num a igl%ée g?xys%)wgQ%C}fe%a?fdrtﬁ're@-%irﬁ&ﬁ‘f&laﬁﬁe%’ﬁf@sﬁ@ﬂﬁ% 36 the

upper e 20 um num a l'ayer 202, 11llustrating alum num
grains 204 dra| URARLEES1109 Prer 308 iTRBaliSe RNy Jouyat agQlpperaates in the
f or m of %@F%&%ﬂ%ﬁ%@ 2083 anc O%O%t?.r The 208ag particul ates are small in

o ze P Al N e i o 2A shows a

schemat i g 1 ir e TRESI (BNPdndhRi fifticul &ty 308aur e 300
[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 aluﬁﬁnum grain structure is face-centered-cubic (fcc), which
has a space group Fm3m (O,’), 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 (Oy), 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 p = 107° 43'; FeSiAls having a mono
structure type, a space group C2/m(Cyy’), 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 c = 13.839; and
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whi ch includes an alum numalloy |ayer 302, illustrating grains 304 at the
upper surface 305 of alumnumalloy |ayer 302. Mobile inpurity

aggl oner awe3me@2(pr esent in the form of |arge particul at @€T3G83/B580d smal |
particul ates 308a. [0046] Figure 3B shows a structure 320 which illustrates
the effect of the presence of the large particul ates 308b on an al um num
oxide film 304 fornmed over large particulates 308h. Condujts 316 are

for med fGravigyldevinganf fac sir@05e tneo & ghace groupritiBm (Pl 2ad Laitise RAEMSSF | ayer
302, due in part to structural differences between the. nobile inpurity
conpoundd)mukérag =ult.§ e Thisdéusrates ithaimpoaanenef mlEnEntha aﬁﬁlﬁft&iogp
structure. For exanple, the alumnumagrain structure is face-centgered-cubic
(fcc), whokdle impasitaatoms cdigr e pvaiabln to corsy Withslimuiay te SO CARBOWIIS( A) wher e
a = 4.050. This conpares with nmpbile inpurity conpounds s as, for
xai] o vTigipASIomag T Hegs pRRsIlEeny R o SaTUmaags S NS

d Latti P t A), wher. = 28.160 ; FeAl3 ing.a

G uct ity B0k & copREEsl SATF CoPrTESt T o L I ATRLE O (4), wher e
= 15.490, b = 8.080, c¢.=,12.480, dj = 107 43 .. FeSi Al '

St 7 uct il A SpAEOH SORCS PATeSRd: g TaEat Pk BEPERREEr L whoro
= 6.120, .p .= 6,120, < 41.480 d.0 = 91 .. Cr . i th

St uct ureitimenly Srindei goeipsiserariy By Sl 44w ed? 07700 700

and ¢ = 30,200 .; MAl4 hayi e group Pnnn and a Lattice Paraneter
(a), vmé?"&h&“l&alé?f‘?%‘g“,le%&iheggg’l%ﬁgeﬁg c = 13.839 ; and 14 WD 03/ 066920

PCT/ USO 58 2Mo3 j . ) Fd3
(o ) ARGSe:  CEEEAC SR et 330 ST FuRE nBpRRARE T LD ST
i mportan f [rg' I8 ZA ;1& %ﬁ% : i 'ng;br' ich are
Ia\r/rra)ti I ablsgl%%lg) r éélg%tégwgqgﬁ%ghmt%um tgﬁ%/g?érﬁfagggnpp%’}ueggg mﬁﬁ“ﬁ%?ﬁﬁgﬂt eto

form | arae. Rard Lty b cel%g@lng&t striBe 008 bNalRRMAR bk RS 18fer 3DAIEG thidxtedt ai NS

304. A comparison-of t I fferences between the structural characteristics

o 2 MR i bty b Soe s e ety (1

al um nungahingih $Hee RLEETUSSs 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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mechani cal properties of the alloy as well. [0047] Figure 3C shows a
structure 330 which illustrates that the presence of snall particul ates
308a doeswpaB/oahissr upt the interface between the upper surPataSBOEs64

al um num al l oy 302 and the | ower surface 309 of alum num oxide |ayer 304 to
the extent that porosity through al um num oxide | ayer 304 is increased.
The upper surface of alum num oxide |ayer 305 is essentially undisturbed,
and t he gl ipwermoeRsentpniohirangiBl Bomf0% & ahmuh M O Xe. Fath efpersingloIMRUHE er al | y
undi sturbed. [0048] W were able to control two mmjor factors whjch affect

the si zgoasgteedingtabbbi.0dt wich ahdothar tofad FNPREies TOBSXCPRENE AP Ack Br s wer e
the anount of nobile inpurities in the LPTM al um num al s priginally
f or med, Tedibleohpatitibn ezrswamentyyasdeads Rysuriing mgw@ép&é%@g%@y and

har deni ng the LPTM alumi num all oy prior to creation of the al um num oxide

| ayer 30Moltérontiodvit GDMSpect to the LP' alunminumal l oy, the conposition

of the alumnum alloy is high purity, with nobile inpuriti limted so
that thd00E]l owi n@lzwéitgmto%QﬁompooaEwnﬁldBPHtaélqnﬁﬁ@Pﬁ?ﬁnrérbspfe&?‘ée@?%sent :

1075 dodswineoddimebimerdrammerunienerer Rope 525 ehRRBRRy oFT o ron
fr o?n agdaﬁts tham B 0B %IbSlz"ab e (%). O’l/"é)t%gq © %argﬁg %Irlﬁé% %@(1:% éc}glrlléfrfr)gtﬁ?g%\dt?éaérs\ giihrrllg f ?omg
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U % ot FESSHIR ROMs 03 A A0 Nt 05 o

sition measurenent was nade by

Spar ki NG, Bt 106l 80 BRMEIOL i DA ERITIOG 06 GBS0 infapeaddi ¢ on

to the ations, applicants required the
analysis under the scanning electron microscope (SEM). The equipment used to conduct

measurements was a 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
um x 200 um. The digital resolution was at least 0.2 wm/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 were transferred to an image analyzer and the distribution of the
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 um. The image analyzer used was IBAS by Zeiss. Particle agglomerates
were seen as precipitated particles. The parameters to determine the particle’s size
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; 205

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

for the total number of particles measured.
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foll ow ng additional specifications with respect to the LPTM al um num
alloy. O the particulate agglonerations of inpurity conpounds, at |east
95 % of aWb opasdvec| es nust be Iless than 5 /umin size . PCYTas(®)3s88 of the
particles may be larger than 5 ,umbut less than 20 ,umin maxi num

di mension. Finally, no nore than 0.1 % of the particles may be |arger than

Gsed't o 1B8Br m noCHRtGPeagr s i Y BSAPLE P HUITBHR S BRUBARE back
Ul pret 76,56 SereaRlaaIR B MO Es 20 B, LA s REERAS SR ey T
R e

r andom ftP®RTSSCRARBTE 8y é'g?wc?f" ér@%&‘ﬁé ﬁuc@? %Or{%goéll’nqn%l rc#;g%r %\&%@f ai n good
rmant nor it Pctar REife 1 ol ol B ARbUELh B bR BRI S iy

t d t. i de.f tisti | VSIS i f dt
an* nagd Uiy, Bftng ipef @'hpber i A0R) Upbibiunl B RO WKLl o
ber i . . n C . "
number '-oggx%g co}g?%ﬁéﬂ{&ﬂﬁs Hﬂoqdﬂanﬁ ‘ﬁ@b(f@ef Hléél?(ﬁ;?ﬂ RRERSIerhEIRuctde pREEREhgAN

measur e al” resolutidn allfowe measur enent of particles as

smal | as, Qg%nedfri@ o SIUBIATBYR 28d1AbY 2Rb1iHRA Uaersr 1HBAS 78,1189 iifidicatb¥thhd Cl e

aggl omer At &5 Wer e’ seen as precipitated particles. The paraneters to

det erm Hem b 6} & &95bZBe pattislel bl exRIRd C-D%6 diedleimfor trgérhe ar ea
equal cinaﬁ)gfe cg%i}tgz/g)(?osﬁlﬁ?%tﬁrgot of b(A/i t), where Ais the area of a
particl ey sTHae Nd Raginiribhudic e i@8pdetiddoVithis 18 likelylto peésedd; a shrfabe p2@;  40.

The nunmber of particles in each class was determi ned and then nornalized to
100 % figrnbdlieatic whichuitleausfpretets &l eansepaeatig, volds, YWs08/coBE9 F0an

PCT/ US03/ 03558 [0051] Cabot Corporation has offered a high purity al um num
al | oy degiogirell &lmGormRdboven sudhenerfike.s@h endehininpofthistarfagopyades. This hi gh
purity alumnumalloy is simlar in chemcal conposition to the high
purity adnodization,ahé 8Ys veed avilarge pettirsdvillgressaiclopalized 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-276 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 20um 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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the present invention. However, the C 276 alloy conpositional ranges exceed
t he maxi mum concentration specified for particular nobile inpurities in the
present WOwan6dam, Wi th respect to copper, nmanganese, chPORUSNS/@ISE zi ncC.
The difference in copper concentration is inportant, as copper mgration
Wi thin sem conductor processing equipnment is a problem In addition,
published data for the C276 alloy indicates that approximately 3 %to 4 %
of the paliiflsEseaptreaneht fonstess ralideshdhapdhing) ghesurfaamadithd artigervhith s ze.
No maximum particle size is specified. This is likely to present a surface
prior twafiodst satized wabcchned (hhd censealiyrobiskady. The clermng §fs 62E5HEIOHy voi ds,
gaps or cracks in an anodized filmfornmed over such a surface.  n

machi ni rigy pimeRing theahateupritele inen agdusotutangncluding a§0uh 0724090 p | ar ge
particles will present |ocalized mcrocracking and | o,oseH/ %?zc}ed

parti cul iat sighSbficeshaicalgradeaphoapharioragif. bxviaga ppestidc giviy of $9a% L 7abhit 25
,umthick, there is a possibility that particulates on the G 276 al um num
al | oy suatoat&% e mawsight of nitits agidy Therasigin temmerai i yred chap%g Y5 pur poses
of conparison, the LPTM_extruded, alloy. contains le@@ t?an tO.éL 34%04

parti cl ethemangernf ahowt 109 €} apdhmagticle wagky! ec@%‘ﬁé]so o fAS WBRPY'HIT ed t he
heat-treatnment tenperature of the LP | oy durin 1r.ess I and

har deni nigngiog framaebe30ite abeiitd 29 ﬁ?ﬂoﬂg?'g{l?ég m%@rpoﬁémpﬁglgﬂeegdseg Ei n size
during the heat-treatnent process, .The.hgat treatnent, t. during
stress rwhichfis tpipllyas EFﬁiEfba 5 Wﬁ‘igﬂ'i%ipn S P %’rlﬁ@ﬁeﬁ%q gledet er ni ne
the effect of heat, treatnent on the size .and.n i i£y conpound
par ti cul eleEungHMeds fRPSHofthee Bé%‘flamag’saxf‘r‘%%la 056%%@%?%?%?}}4% out- before

d aft t he heat. t t : i b
20 uet ecclpraine Baesa o AR eVt e A1 AR Equep P RAR apiaeecs oy be
t t t f t | i,ef i . ! tmth
cr eat | onoBHe R <o i i s e LOEY RO R e B e Pt e

al um num al..ov. [0 q abd Ringhpparatdsywia um num
al :Joy ;r f‘c?dd{]%% %S{t)?rggrﬂf@%%[gg%%&gg‘%%%%%%n%ég }1 %%8%%05%@555@ |Pﬁcl udiw;\g Eeat )
treat menfy for stress ekl ebraatbd ¥HeRAgIenitd Wensathithemiabertties. ar ti cl e

e Typically, the cleaning process was followed by a deionized water rinse.
[0054] The aluminum oxide protective film was generated using an electrolytic
oxidation process which produced 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 a 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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was to be anodi zed was cl eaned (and chem cally polished). The cl eani ng was
carried out by imersing the alumnumarticle in an acidic solution

i ncl udi ngwaelmens69s® % to 90 % by wei ght of technical gradecphisspiasss c aci d,
having a specific gravity of about 1.7, and about 1% - 3 % by wei ght of
nitric acid. The article tenperature during cleaning was in the range of
about 100 C, and the article was in the cleaning solution for a time period
rangi ng (033 abouThpPartioulabautbid@®nsdpordss variblescineladingghawy @B shi ng
time period, which is typically referred to as the ""bright dip’ time, is
parti culafioy,yheatmpeatingrt less fhan B30 °€) makthagreatiomof & profestiyh sRineB KR nant s
may remain on the article surface. If the cleaning tine is, goo Iqo%g, craze
| i nes apearsingtht heodizdiepueassy destmbadeadont, Benerated SIS Whic lg film
degrades nore rapidly during the lifetime of the article., !%‘{] atd ition

cust onemsndrerden$reandomi fosh ahimigwingride filgeikag g praverusht Jiaset- g2 & Far at us
who observe the microcracks worry about what is _happeni ng beneath the

nm cr ocr ankdized filmd inagengral mﬁ@a@ﬁé@ﬁith@nﬁ“&@§?smgnfl%%e}w%gmﬁg a dei oni zed

water rinse. [0054] The al um num oxi de protective fi 2 nerat ed using
an el ecthohiptincoxidg seiigranged jp 86%?@“\/92’%&1%géﬁﬁwtgrdowﬁt%gfoéghest ructure
including a protective filmof _alum num.oxide i ch exhibi i oved
cor r osi @nodised §im peducedy %‘th?,th‘éA F@o&?s ﬂ%Fn‘Blgqn% L tpérr}slggogrs% 'P he anode
in an electrolyte bajh.conpr.ise f er.: based ut 4 iheludi ng 10 %
to 20 %'blp 4]99?%7\50 éufaﬁlﬂ‘gi‘gl%%?}&%nbaﬁ(ﬁ%o he ATy r%ﬂ%a ' oﬁ%‘%%re’s{i\/lxllg’itg t of
oxalic acid. T nodi zi ng .t er.at yre_was Wt i m about 7
Cto abatedizsd B dept s BF 1o BE B Bl Akt Al e ML 20061

al um num .iervefd @15 he cathode. A DC current was applied to the

el ect r ol'§E'EE PEWC ™ aki ng care that the current density, in Anps /

Squar e 'f&ﬁsteﬁ]( ASF) F;'Fs'} géﬁéolntg lo?ﬁ}er]ﬂhy‘tailﬁﬁ Pﬁﬁu{bro{e@t@‘géaﬁunﬁﬁlﬁﬁrbﬁdé@ﬁntv@ré ess than

36 ASF. curre y i's particularl'y 1nportant, since a current

density of |ess { ' Ol cb P GRuAuRUTHiiE kenbdion fektacal um num
oxi de ﬁlr%)[aé%(fi%\}ietg%??%rgﬁﬁsoﬁbﬂéteﬁi}entc density gr eatler than 36 ASF produces a

];is quc:'\g:vﬁ; tgﬁ(?&[s ﬁgﬁ%a ;g%%{)jé%rﬂgggl_el t%_s}c8t’e.t TABartichiet, Wik perpbsecastl the ek Ywastni ng,
infer the integrity of an anodized film by measuring the time before the film is breached
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 a 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 portioﬁ 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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WO 03/ 066920 PCT/ US03/ 03558 [0055] The particul ar conmbi nati on of process
vari abl es, including the use of LPTM alloy, heat treating at |ess than 330
C, and t womsme®on of a protective al um num oxide fil m RETAFOY/HESSS

anodi zati on process descri bed above, generated a structure which included

a nore dense and uni form al um num oxide filmthan that previously obtained.
Data for anodized filns in general indicated that the internﬁgﬁgﬁres

wi t hi n tdvaiphe sag ohsarves fanihewressreesf acdierd f PHBRIgSs risingifnm teghPdpsht 100 A

to about 2,000A. Data for, the anodized f.ilm produced. our net hod

i ndi cat efilm susfacat &ywch@&cé’gldrrﬁ%rééwﬂ}zi6&@%&"8‘3‘&)‘*’“;\%@ SRS SERTFEYL A,
falling within the bottom 30 % of the eral rapge, As a result .th
anodi zed\aWevisT. dyAEIchipricgcidPIp eﬁﬁﬁﬂtlﬁggg,m%{&}%o%%gﬁiw LFRETs ance

d Si i St t film. [005 t LP
AP SR L T e
Coct oa vAMFGE s sgerh el belebuotls PRl oR U AR AT unde
t est t i.nf t LNt ity of [ ' i the ti
bt or o 1 st pLut BubRls a8 on e BBsFRRE ARG gl SRS MG I, 17 1
f ._The test | ' f [ GAGE ; t f
Gl i or recadgg st A el KR cpllbd fiSlted R¥Ing RIS Comt <o

it was not. Meed,henal R edRah¥dens A RE $nefinthlRedinch rédigvddant mas a 5% by
tration. R rigrd, t

wei ght concent r , transparent polynmer or glass tubing section

having a, . a0PelOliabileclyild vab Wiledhyim illohized Wi shenghiviol al | east

one inch, ush, was sealed to the upper surface of the

anodi zechebib By 0led i TRSKINE QUPRE colli R furtibiShsfetetdt @esipd 00f and aci d
pr oof and created in this instance using an o-ring and clanps. The

t est COU@gS@ hy dr pediliakifer 26061 SahituhoallasortRE&Yta dtamast afodized was

bet ween and 30 C during testing. The test coupon was nounted so that
the test coaﬁﬁ% tB& 2%asm Ak Swsdlydespen bashlagesti fuitaralaftddabpar icows of  t he

anodi zed surface within the sealed tubing was within 0.7 inch of the edge
of the tagbsigewRaRe avEegeh Tdsiotad for the [RMdlusinhot a1y matsciedby@duced into the
tubing to a depth of at least 0.6 inches, and a tinmer was

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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started or the tinme was noted. After a mninumspecified tinme had el apsed,
the test 19 WO 03/066920 PCT/ US03/ 03558 coupon was observed for the

pr esence Wb oaoeteeam of bubbl es rising fromthe anodi zed PCITIusn¥wstace.
Hydrochloric acid reacts with alumnumoxide with little gas generati on;
however, hydrochloric acid produces a noticeabl e anount of hydrogen gas
when reacting wth the alum numalloy. Failure of the alum numoxide film
to protect tlheosdiderlying alum nuelaiIM§ is clearly indicated by the
bubbles rising fromthe filmsurface. Testing was continued until bubble
formati on wago@d®der vedVe Alaimer conpl etion of the test, the residual
hydrochloric acid was renmoved, and the test coupon with seal ed tubing

appl i ed was lf | ushédhighphrityorimawmeioywist consteded peticwlatesize 3dbi ng was t hen
renoved and the surface of the anodized protective fil rpwas wi.ped with

dei oni z distutattion ofmepbilsémpwiities PrrssBbinGRd allgy csHbRigh PHENF 3 YT #18% coul d
then be further inspected if desired. [(?057] Test. data for 6061 al um num
al | oy phensempdoysy in tha mayHrduLs R gFRican @%tﬁr‘?ﬁssé%%ﬁp%?%‘ﬂﬁ?rﬁi ck shows

hydr ogen bubbl e test failure aft urs of

avr st v S Srfeblne U LR i b g
e SRl o oy OSED S HBREE 0580 el 7 T
pecent S oA VR Pl sl Mt RS PR R
6 Secougs, PP B ETROM Sl SarEesuens A LB sulge!

CLAING L0GAGH o¥.rg bl Shmand hHrBfl A 0.2, B Wk Btcfts ke Webieeh S0LIA! | ed

parti cul
and 20 pm.

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

more than 0.1 % of said particles range between 50 .m and 20 um.

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

more than 0.1 % of said particles range between 40um and 20 pm.

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

more than 0.2 % of said particles range between 40 xm and 20 um.

5. A high purity aluminum alloy in accordance with Claim 1 or Claim 2,
or Claim 3, or Claim 4, wherein said particulates are formed from mobile impurities
selected from the group consisting of magnesium, silicon, iron, copper, manganese, zinc,

chromium, titanium, and compounds thereof.

6. A high purity aluminum alloy in accordance with Claim 1 wherein said
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distribution of nobile inpurities present in said alloy, said high purity
al um num all oy being enployed in the manufacture of sem conductor

processi ngoappevat us where exposure to corrosive envi r onmeERIESONEFEEI
degrade an al um num al | oy whi ch does not exhibit controlled nobile
inmpurity particulate size and distribution, said high purity alum num
all oy having nobile inpurity particul ates V\Athl n specific limts so that at
| east 9%l dticlades nfgummegtlwmre@nt drihofollpwsg doncgittaionher atdewen han 5 % of
said particles range between 20 ,um and 5, um and no nore than 0.2 % of
sai d par tqogpwaﬁlalﬁy@laﬁa@mﬁt éd)welehﬁ %aﬁhCOZJ(ﬁtlQrﬁ3 \zewhst %i gpn pid-P3y al uni num
alloy in accordance with Claim i han 0.1 % of said

parti cl esVigHge. WEPHIE?- Q?O"V?lgb"yﬁh @ﬂ’égaEﬁe %%Oléweﬂgfﬁf/gﬂwtlotkﬁ Weight num
all oy in accordance aim2, wherein no han 0.1 9% of said
parti cl es? %ﬁg&“’é’é? Q% %%%(Vanﬂf%m i Ohwelﬂh%ﬁgﬁndp%fh?fteyl aaqomhoe%a?s%ea I oy in
accordance w.t.h C ai erein nore tha % of sai, rtjc

ange. betERHHGRP e iR S oK TResh o D e - oW SR i Gy Vil
accordanc Wi.t h m aim3, or Claim4, wherein said
parti cul §H§P'én ‘?:?rl%’#(ﬁ?&m g]WF@hf?&ﬁﬁ‘f%tl es selected fromthe group
consi sting of magnesium silicon, iron, copper, manganese, zinc, chrom um
titanium and corrpounds thereof. 6. A hi gh purity alumnumalloy in

et udes. mobi 6 1 npu (e b seEf e e Fettie e R P SE, o
| Ton at O o M EBRATLHELR, et Rl %@%E%ézﬁéé o R 2 gt

% zinc QtO\Qe&g}]%{e' ght % chromum at 0. 07 weight % titaniumat 0.01
wei ght % and erein a total of other inpurities present in said alum num
alloy ranges fromO - 0.1 weight % wth individual other inpurities
limted to O - 0.03 wei ght % each.

8. A method of producing a corrosion-resistant article for use in
semiconductor processing apparatus, wherein said article comprises a body formed from
high purity aluminum alloy, and wherein at least a surface of said body which is to be
exposed to a corrosive environment is covered with an aluminum-oxide-comprising film,
and wherein at least said surface of said body which is covered said aluminum-oxide-
comprising film is an aluminum alloy having mobile impurity particulates controlled
within limits so that at least 95 % of all particles are 5 um or less in size, no more than 5
% of said particles range between 20 um and 5.m, and no more than 0.2 % of said

particles range between 50 um and 20 um.

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

said particles range between 50 «m and 20 um.

10 A method in accordance with Claim 9, wherein no more than 0.1 % of

said particles range between 40um and 20 um.
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7. A high purity alumnumalloy in accordance with Caim6, wherein said
magnesi umi s present at a concentration rangi ng between about 3.5 weight %
and aboutwoO04306686 ght % 8. A nmet hod of producing a corr oPCOUSHFEISSE ant
article for use in sem conductor processing apparatus, wherein said
article conprises a body formed from high purity alum num all oy, and
wherein at |east a surface of said body which is to be exposed to a
corrosi ve enviklonnent Aimethed By agorgipres vith glaim L wheseirdee worphisAdofi | m
and where%_n @t | east said surface of said body which is covered said

al um num GPELAEOFIANES PRIVESH A9 #81 389 2943 num al | oy having nobile inpurity
particul ates controlled wthin limts so that at |east 95 % of all
particles are 5 ,urn or less in size, no nore than 5 % of said particles

range between 20 ,um,and. 5,.,um and no nmpre than 0.2 % of sai particles
range between léo um?argtheg lf‘ﬁﬁ‘ior‘g@m%wﬁgtcﬁéﬂl g’nw%?E‘BrSOH’éirf@E“ 395 %% ai m 8,
wher ei n re than.0..1 %.of ai articles range between 50 ,um and 20
M €10 Aol o Dbl iRt TRt B e O S RS o P aehes R ong 0t of
said part.cl r ween 40. um and. 20 . um, 22 WO 066920

PCT/ USOS/%%Sg%peg%%EQEn%F ’n%rc’ic’iC D olots) g?ﬁ%’éﬂ’vﬁn{iﬁo’@ﬁﬂfg%‘?e erein no nore

than 0.2 % of said particles range between 40,umand 20 ,um 12 A nethod
in accordance with Claim8, wherein said particulates are forned from

mobile | npurithes seleeldpthd bt BNIRCHANS Shidth A-POAGRLEE ST1 T con,

iron, copper, manganese, zinc, chrom um F?l?gnium and conpoun er eof .

13. A meithadnininfRCadees ovhlih afda ris\é@ﬁxroﬁhé'irﬁﬁuﬂt%??}es RPfHe! On of

: t
said alum num all oy body of said articl'e conprises no e Inpurities

present Fligwilg colech@UidiE of AN ESHdeRIRRidE, BhorlcOMBI atCOOGRMH: 85, 1s0%n
magnesi um at 4.0 weight % silicon at 0.03 weight % iron at d. 03 wei ght
% coppet @03 Qetbht 96 iiebhtat Ve03REGRITS S pPér A 0USweight %, manganese at 0.015

weight %, zinc at 0.16 weight %, chromium at 0.07 weight %, titanium at 0.01 weight

%, and wherein a total of other impurities present in said aluminum alloy ranges from O -

0.1 weight %, with individunal other impurities limited to 0 - 0.03 weight % each.

14, A method in accordance with Claim 13, wherein said magnesium is

present at a concentration ranging between about 3.5 weight % and about 4.0 weight %.
15. A method in accordance with Claim 8 or Claim 10, or Claim 13 or
Claim 14, wherein said corrosion-resistance is with respect to active halogen-containing

species.

16. A method in accordance with Claim 15, wherein said active hzlogen-

containing species are present in the form of a plasma.

17. A method of creating an aluminum oxide protective film on the surface

of a high purity aluminum alloy, comprising: exposing said surface of said aluminum
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wei ght % zinc at 0.16 weight % chromumat 0.07 weight % titanium at
0.01 weight 9% and wherein a total of other inpurities present in said

al um numwbloggédamges fromO - 0.1 weight % w th individeal/usndreasss
inmpurities limted to O - 0.03 weight %each. 14. A nmethod in accordance
with Claim13, wherein said nmagnesiumis present at a concentration

rangi ng between about 3.5 wei ght % and about 4.0 weight % 15. A nethod in
accor danc@loyite #n eleetralyisc oridaticmi prodeds doingGvhichnsdid sarfadd iaiimmkdedwheas ei n sai d
corrosion-resjstance is with respect to active hal ogen-containing species.
16. A netdHede nrmngeirleniiobae witlha Cithodn cByprishé pEamalsaiinimactloyential ogen-
containing species are present in the formof a plasma. 17. A nethod of
creat i ng VEISTAN & A n e % EScRPPH e tveerin saifl jatich adgetiotide & Watee basefl salutibgh purity
al um num al | qy, cgry)ri sing: exposing said surface of said alum num 23 WO
03/ 066926 BEHFIEEH /’eés%%ﬁg%wwhwl ric eridend abget &5 dxiodhd Yoby petghess duri ng
whi ch said surface i s i rsed, as._an anode in an acid electrolyte, with a
cat hode %mfrqcé‘gdve}{?fel%ﬁal PERIPHLYS (B 19 Greatsd @t a {imenesatnreg amging fomeahouf §
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wei ght xal i erein said protective filmis created at a
t enper at %Pglgrgﬁ%ictﬂg@%m about 5 Cto about 25 C, and wherein an applied

current density of said DC current ranges from5 A/ft2 to 36 A/ft2. 18. A
met hod according to Caim 17, wherein, prior to exposing said alumnum
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weight of technical grade phosphoric acid, having a specific gravity of about 1.7, and
about 1% - 3 % by weight of nitric acid, wherein said cleaning is carried out with said

aluminum alloy surface at a temperature in the range of about 100 °C, for a time period

ranging from about 30 seconds to about 120 seconds.

19. A method in accordance with Claim 18, wherein subsequent to said
cleaning of said aluminum alloy surface and prior to said electrolytic oxidation process,

said surface is rinsed with a deionized water rinse.

20. A method in accordance with Claim 17, or Claim 18, or Claim 19,
wherein said aluminum oxide protective film exhibits hexagonal cells having internal

pores ranging in size from about 300 A to about 750 A in diameter.
21. A method in accordance with Claim 17, or Claim 18, or Claim 19,

wherein mobile impurity particulates present in said high purity aluminum alloy are

limited so that at least 95 % of all particles have particle size of less than 5 xm, no more
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rangi ng from about 30 seconds to about 120 seconds. 19. A nethod in
accordance with C aim 18, wherein subsequent to said cleaning of said

al um numwabloopeaer f ace and prior to said el ectrol ytic oxi eariusn3/msexess,
said surface is rinsed with a deionized water rinse. 20. A nethod in
accordance wwth Caim17, or Caim18, or Caim19, wherein said alum num
oxi de protective filmexhibits hexagonal cells having internal pores
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than 5 ,u#®m-no nore 24 WO 03/ 066920 PCT/ US03/ 03558 no nore than 5 % of
said particles have particle size range between 20,um and 54m and no nore
than 0.2 %of said particles have a particle size range between 50 4m and
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23. A method in accordance with Claim 21, wherein said high purity

aluminum alloy comprises mobile impurities present at the following concentrations or at

lower concentrations, magnesium at 4.0 weight %, silicon at 0.03 weight %, iron at 0.03

weight %, copper at 0.07 weight %, manganese at 0.015 weight %, zinc at 0.16 weight

%, chromium at 0.07 weight %, titanium at 0.01 weight %, 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.

24. A method in accordance with Claim 17, wherein, prior to creating said
aluminum oxide protective film on said high purity aluminum alloy surface, said
aluminum alloy is heat treated to relieve stress and increase hardness, wherein said heat

treatment is carried out at a temperature of 330 °C or at a lower temperature.

25. A method in accordance with Claim 18 or Claim 19, wherein prior to

creating said aluminum oxide protective film on said high purity aluminum alloy
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inmpurities present in said alumnumalloy ranges fromO - 0.1 weight %
wth individual other inpurities limted to O - 0.03 weight % each. 24. A
met hod i rwamsos@dance with Claim 17, wherein, prior to cre®Crrposyedsss

al um num oxi de protective filmon said high purity alum num all oy surface,
said alumnumalloy is heat treated to relieve stress and increase
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surface, said alumnumalloy is heat treated to relieve stress and increase
har dnessemyhangi n said heat treatnment is carried out at a tenperature of
330 Cor at a lower tenperature. 26. A nmethod in accordance with Caim 21,
wherein, prior to creating said alum num oxide protective filmon said
high purity alum num alloy surface, said alumnumalloy is heat treated to
relieve stresggand i AGh@Bs®inwceidass with el s aherelif dtior {0 @adtiignhid s
carried out at a tenperature of 330 C or at a | ower tenperature. 27. A

met hod i pluadeahdaideeroettiveGilal on £i3d higheuetnalupinet alley airéetisag sai d

al um num oxi de protective filmon said high purity alum num all oy surface,
said al sindinumallbpys heat themtd torrelidveditress andlin@vase hbrdasss, shdreimsaic hee

har dness, wherein said heat treatnent is carried out at a tenperature of
330 C or tredtmant Swericteupatraitonperati@é of 330 °C or at a lower temperature. ,

27. A method in accordance with Claim 23, wherein, prior to creating said
aluminum oxide protective film on said high purity aluminum alloy surface, said
aluminum alloy is heat treated to relieve stress and increase hardness, wherein said heat

treatment is carried out at a temperature of 330 °C or at a lower temperature.
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