WO 03/073478 PCT/ US03/ 04801 [0001] PLASMA- RESI STANT, WELDED ALUM NUM
STRUCTURES FOR USE | N SEM CONDUCTOR PROCESSI NG APPARATUS [0002] BACKGROUND
OF THE | NvBNiBlo@M7¢ 0003] 1. Field of the Invention [0004] IPaTgsazoabl t he
present invention relates to a nethod of fabrication of sem conductor
processi ng apparatus froman alum num substrate. In particular, the
invention relates to a nethod of form ng conpl ex shapes whi ch can
subsequently be anodized to provide at | east one plasna-resistant surface,
and particularly a surface which is resistant to hal ogen-cont ai ni ng

pl asmas. [0005] 2. Brief Description of the Background Art [0006]

Sem conductfo001r oc eBEASHIARIODSISTFANTNWEEDED ALUMENEM STREIGTERESNd

physi cal processes whereby mnute integrated circuits are created on a
Substrate. Layers BORUSEINSEMIGOYDHETORFRACESSING APBARATUS  { ar e
created by chem cal vapor deposition, physical vapor deposition and
epitaxial growh, for exanple. Sone of the |ayers of material are
patterned using photoresist masks and wet and dry etching techniques.
Patterns are created within | ayers by the inplantation of dopants at
particul ar |ocati of@002fhe su.lbgﬂ%;@ %"&&E INYENFIEY ated circuit is
created maybe silicon, gallium arsenide, glass, or any other appropriate
material. [0007] Many of the sem conductor processes used to produce

i nt egr at gdo@3]r cui t FiclA@kiRymb@ltiegen or hal ogen-contai ni ng gases or plasnas
which are particularly corrosive to processing apparatus surfaces they
cont act . [@Né pr o&egensral, the pres¢rd deventiomtelates toop mpthgd peifabricationddi ti on, since
the processes ysed to create the i.nteqgrated ci j eay opt am nant
dopost ¢ R gy pRe bR tpdis PRUERL A Tl ARE. MR e e T A
comonl y ihRHR¥A delbisl Ra RlbASHRS EdrRang emples Biipas Shichithe Buepledlydt | east one

hal ogen-cont ai ni ng gas, which is also corrosive. 1 WO 03/073478 )
PCT/ US03/apadigad to provide at least one plasma-resistant surface, and particularly a surface which

is resistant to halogen-containing plasmas.

[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
locations. The substrate upon which the integrated circuit is created may be silicon,
gallium arsenide, 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 which are particularly corrosive
.to processing apparatus surfaces they contact. 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, which is also corrosive.
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[ 0008] Al um num has been wi dely used as a construction material for

sem conduct or fabrication equipnent, at tinmes because of its conductive
properti e8p oantB47gyeneral | y because of ease in fabricati onramasavedshability
at a reasonable price. However, alumnumis susceptible to reaction with
hal ogens such as chlorine, fluorine, and bromne, to produce, for exanple,
Al 3 (or AL2A6); or AIF3; or AIBr3 (or Al2Br6). The alum numfluorine
conpounds can flake off the surfaces of process apparatus parts, causing
an eroding away of the parts thenselves, and serving as a source of
particulate contam nation of the process chanber (and parts produced in
the chanijes(s] MostAlamitunehasimenovidely usaidsai cunsguaionmatenaldord chl ori ne and
many of the conpounds containing aluymnum and brom e ar ewgaseous under

sem conddeRiseIreRNIGH{oR Sﬂl‘é}P’P’ieB‘h at thmes beoayss ofilscongusHy n arAPSTicS A r €,

creating Hfea I Wrd-ace

havi ng qt%fs?% leyﬂ%lagﬁl c%ffeg%ﬁhfé g%%gf& oa(rﬁgm ?}55{%};@% H%l%%ghcg{%\? aeFum num

sem condubinihurio ceseptitde RPPast@husith Balo@‘nsgﬂc&vas cthme;ﬂuoﬂm gsicscover ed t hat
when a | arge, bl ock of alum num all oy such_as hi ned out (hogged

out) to PrdinRecloPTedIes) 8% cxame %IGéh(oaéléilﬁ)i, ﬁéAlﬁso?r félBrpf dHefihglRressel

t he machi r ﬂqﬁg agﬁu Iugag{gm dered
ext rudi nga‘ﬂ%qr1 gl&g@eg&gfh@ %(fstf%glﬁfg ob alﬁﬁfa%s a rl&rsrelspér%‘?e al tini hum grain
st ruct ur eaugiiglart &edinjs@iwaly 0O tHelparts titenselves andpelving 4 alsounblofipartiaulateocess
chanmber |iner shape. However, then the problemshifts to jainin of t he

tube to tRBlamdRRtionHf dhe NAagess ﬁlgar@qer (and parts peodused Fiethe ghanphen}. Mostat thg |
t t th
Nerd (at PREoldsiBndinibd Sulihh SRS BRI Sr OBk IR 0 0°

por osi ty adiminti@ adltilomitiente géEB@lsilﬂiﬂw delnli€sndiBiob processingeohditiohOindlevd | er
material used in the welding process or may be in the form of |rrpur|t|es

pr esent ithe ali@inny ﬁﬁﬂm!iWPaqu%ylg vioidseyickhrandat ﬁhﬁgm@ewstﬁhlé apdMat i nt area

during the Id| !g!ng is generally defined as a coal escence
of metal S} ;fNe ‘ﬁlfgtﬁ llerllr\é% a swtable tenperature with or wthout

t he appl ifggggjon of PHrosispol te s@fibe\uif bindhumistitishdidier ptoeessihg appdrathé Br
material. Some of the nore commnly used wel di ng techni ques |ncI ude

el ect r on-of geaxmonrdenn.nye discoered havhgn adgrge blsick of plyaimupellay sHsh asol i d phase
wel di ng o8t $°m&chined out (hogged out) to produce a complex shape such as a liner for a

processing vessel, the machined surface exhibits a high degree of porosity. We
considered extruding a tube, as a technique for obtaining an improved aluminum grain
structure, and then joining the tube to a top plate to obtain a process chamber liner shape.
However, then the problem shifts to joining of the tube to the top plate. Welding of the
tube to the top plate typically creates impurities at the interface of materials coming
together in the weld (at the joint of the weld), and the impurities frequently increase
porosity at the weld joint. The impurities may be in the form of a filler material used in
the welding process or may be in the form of impurities present in the aluminum alloy
itself which migrate to the weld joint area during the welding process. Welding is
generally defined as a coalescence of metals produced by heating to a suitable
temperature with or without the application of pressure, and with or without the use of a
filler material. Some of the more commonly used welding techniques include electron-
beam welding, laser welding, and solid-phase welding. Solid phase welding processes

include, for example, diffusion bonding, friction welding, and ultrasonic joining. Solid
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i nclude, for exanple, diffusion bonding, friction welding, and ultrasonic
joining. Solid 2 WO 03/073478 PCT/US03/ 04801 phase processes typically
produce vwbdg/owdrhout nelting the base material and w t horCT/uSh&oadi ti on
of afiller material. Pressure is always enployed, and generally sone heat
is provided. Furnace heating is generally provided in diffusion bonding,
while frictional heat is developed in ultrasonic and friction joining.

[ 0010] Welding typically produces stress both at the welding joint and in
material adjacent the welding joint. Heat treatnent or annealing is
commonly used to relieve stress. Alum num alloys begin to exhibit grain
gr owt h atphasspecesser typicalpyppdats weldS#Hhaht méltiny thedasemateriatandi wigdhauon of
non- al um num net al the grain boundaries. This,  precipitation may |ead
to crackih a%fﬁﬁﬂ@Oﬁa ﬁ@%ﬂf“@ﬂﬁk RApRSRreOh A AF emeWﬁ@: and gﬁ%ﬁ@%ﬁ"&%ﬂ%e&t 15| paded,
and may Iﬁﬁgﬁ J . i F2S: I ?r@? L Ri The
precipit |oﬁE§|§%ﬂ%§!ucggéﬁ@%ﬁ%ﬁﬁgangﬁgggpFﬁgggggh?ﬁl’a P%ghﬁgngffecting
t he uni f dieat isydevelbpddiia vdtrdsopicemdiidstidn joiming.t hin the article. [0011] If an
alumnumalloy is to performwell in a nunber of sem conductor rocess
appar at uslO9pYI i cat Wekang hpiceHy prafussssiesshath aidthe wekding jpielad inppaterial
properti esy . chani I . I tning to

br ovi de anesel B Wk RE MoAPlreh R b ASIB R SRR S BT 1 ¢

t he al | oystiess. t Aluntnir alloys begirtliof xhibitl graih@rékvibl dt tenpdistites appronohiigy i al t ends
to stick during the drilling rather than to be renoved by the drill .

Cont r ol | i #g “Cahighyaansss precipitation of RercAlupdenE matels at the grav Bowdariese (ikis There
is a pen o i i {1 t i cal j es of
the a1 anenibatRRHieR Rbsefdhe abtly BRI oR i EEIE R rBhREN
dependi ngloaded] fel b dal encratkihBalods gt Bourfdaties @¥aFrhachidn@r Digess chanber
nmust exhi bit sufficient structural rigidit%tand resistance to deformation

that it cHeciBéationalwmejucssmeshamepdprepertics ghtheadion by affocting theymifprmiypect to
resi stanc - contal RiNg.:RLasma, a preferred neans of protection
of the alﬁrﬁ%ﬂ%@bﬁg’gﬁgﬁﬁl."ﬁ LrEIHean“gtf)cﬁJ%’cess apparatus has been an anodi zed
alhum' num [©oatL]i ng. Kandlumifgmiatlol Yo @attbim arlleh aclufdley bf entiddndaétbon process
t hat

process apparatus applications, it should also have desirable mechanical properties.
Further, mechanical properties should enable machining to provide an article having the
desired final dimensions. For example, if the alloy is too soft, it is difficult to drill a
hole, as material tends to stick during the drilling rather than to be removed by the drill.
Controlling the dimensions of the machined article is more difficult. There is a penalty
in machining cost. In addition, the mechanical properties of the article affect the ability
of the article to perform under vacuum, depending on the function of the article. For
example, a process chamber must exhibit sufficient structural rigidity and resistance to
deformation that it can be properly sealed against high vacuum.

[0012] With respect to resistance to a halogen-containing plasma, a preferred
means of protection of the aluminum surfaces within a process apparatus has been an
anodized aluminum coating. Anodizing is typically an electrolytic oxidation process that
produces an integral coating of relatively porous aluminum oxide on an aluminum
surface. Despite the use of anodized aluminum protective layers, the lifetime of
anodized aluminum parts in semiconductor processing apparatus has been limited, due to

the gradual degradation of the protective anodized film. In addition, in the past, the
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produces an integral coating of relatively porous al um num oxi de on an

al um num surface. Despite the use of anodized al um num protective | ayers,
the |ifetwom3nf347@anodi zed al um num parts in sem conduct or PETAISe3848NY
apparatus has been limted, due to the gradual degradation of the
protective anodized film In addition, in the past, the 3 WD 03/073478
PCT/ US03/ 04801 conbi nati on of nmechani cal perfornmance of the article and
corrosion resistance of the surface of the article has not been adequately
addressed. In attenpting to obtain the mechanical properties required for
the alum num all oy body of an article, it is possible to affect the
surface edmbingtic sfthévhamiahllpeyfotmarte g tirearticleahd tdradsidihesiataned ofithe oxi de
(anodi zed) | ayer does not forma proper .interface with the alum num all oy.

This cr esirbase of thesrtinds has nat feercadsapatelygdpresssds Fraterammedp shisuReoxi de | ayer

and the underlyin ] um I . Qﬁaég: tern : ikp1d

parti cul gﬂﬁgvnbelé ; Pﬁgﬁﬁﬁeyf@gﬂﬁg@ %¥§ﬂ@%§rgfﬁé\§?| v aogfc?c??%g]gﬁ gzgeéilﬂlﬂiﬁgo%ss/ber &)a wel d
j oi nt. ThFedd MOifaye GitHe hBiifithiallSy it £8@nteratctpthacthadmniihomalkideel d j oi nt
interfere with anodi zation of the al um num present at the weld joint

sur f ace. (anhilized)dayssidogs not dorm 2 propebintaifage Withithe afeins eley.i 1Es greaie Aum

oxide |ayer. leads t articl or el erating
degr'adajtP !‘?Sl&f’ f?rheé(amgfeofa@é%)fat\wggréﬁlbeng% %(%(‘lggge @y%ﬁft@%%%r%@ only is
there si gRidiGaBhrfR¢P SN Bavdchabiimpdanit it ipaitie (RA <iffiodlt tafparat us

repl acenent costs due to degradation of the protective alum num oxide film

but if apsientizpenedizedmoaingays @ waldicinto peornsity aad HpPwities REscfet act s,

t hese defects,.ca anslate throu il . eptor,
creati ngc%v\?flg‘énai Wreﬁe‘ﬂln% II%S%‘;{ & l%r&%ggzgﬁé)ds ff)tg? ?ﬁﬁﬁgﬁmﬁ%@gg?ﬁs\ygﬁepdevi ces
on a vaf KiniCapf8e His ?ox%@i%t profmois@bragkdbha il B frotec®alfNtuat oxide e. [ 0014]
It is readily apparent fromthe above di scussion that there is a | ong

st andi nglayerdeatoto partiele firyenatipn pnd a gensiaptly epslaniingdegradagpaphthgs conponent s
whi ch hav(ﬁ?ﬁ% compl.ex sha 3. t he conponent is not nerely a flat plate, for
exanpl e) PrRkFfitYR 2 9‘@“8&%‘% UM% mechani cal properties for the intended

appl i cat t(ﬂﬁB] and WRbEbnIgi€there significant expense in equipment maintenance and

|G-
==

apparatus replacement costs due to degradation of the protective aluminum oxide film,
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.

[0014] It is readily apparent from the above discussion that there is a long
standing need for a method of producing semiconductor apparatus components which
have a complex shape (the component is not merely a flat plate, for example), which
have adequate mechanical properties for the intended application, and which are
protected by an anodized coating which is capable of withstanding a corrosive plasma

environment.

[0015] SUMMARY OF THE INVENTION
[0016] We have discovered a method of producing a complex-shaped aluminum
alloy article, where welding has been employed to form the article, where an anodized

aluminum coating is produced over a surface of the article including a weld joint, and
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protected by an anodi zed coating which is capable of withstanding a
corrosive plasma environnent. [0015] SUMVARY OF THE | NVENTI ON [ 0016] We
have di scwoasemB4as net hod of produci ng a conpl ex- shaped al egirnisos/o4bi oy
article, where welding has been enployed to formthe article, where an
anodi zed alum numcoating is produced over a surface of the article
including a weld joint, and 4 WO 03/073478 PCT/ US03/ 04801 where the
anodi zed al umi num coati ng provi des inproved performnce over that

previ ously known in the art, when exposed to a corrosive plasma
environment. [0017] The wel ding of elenents of the alumnumalloy article
to form avlmm&benodizéthﬂanﬁrmmeaatiingqbrcmidlesdmipng/eﬂrpierfblimamae oveltiitng, or a
simlar technique which permits i wi t hout . t he rati on of a

S Oni 11 cARVIGHSMEROVGY I B B TS ERTAAP AGHPIVE HESE PRVORARIEI | 0y ¢ ovar d

the wel d A PGl BHBIOG e S ahHiRA Moy B1RRAD 1t o B8MpRL ini Ch
woul d si n@ff cant I ;i;h f’?t’lrefr%ll su seq%ent a’f orlmatl 0?1§,of1 an anod?zedmal um num
oxi de pr ghaeiis ¢ariedat mingfrietional mdldmg,mnms&hilmyte&mncfwcvﬁncmpémmusng t he wel d

joint. Slgnlflcant harmrefers _to the shorteni of the perf nce
|i feti me WHlding avithgpbibe sugratioy af %EEMWW%HE’“H ?%Onfi}P?‘ﬁlP”ﬁ% t he

pr esent 0 d aI um num
ool e vk hoy S, SETRRE A ?%éagﬁmﬁ{“gﬁ?%m‘fﬂq%%ﬁ?ﬂﬁ%ﬁo
anodi zed ap@wunyvwhithdvaild sighidicandtBQiadh thesubsequenbiotinatmnt of antemopiaed i cuI ar

al um num al l oy which is used to form the body of an artic|e of apparatus

may be f@#@ww@alqim&pcsve ?qﬂmgevermhgﬁ@w Joypartagsancipding fhig weld

conposi ti, b t R about 6.0 %
, Wth ajg1 $§ r‘fpgl{zj'tr]fll éﬁeﬁg(@%ﬁl it ﬁgggFes$%¥fﬁan8%%@%)ojmﬁ\//%%ﬁfe i mpurity
atons | mﬁbﬂhded ﬂlﬁhﬁhhurﬂhﬂiﬁe d-‘tdﬂef(alhjﬂla[pmg@d&imment meéntidinnthetpeefoshdriconal

nmetal s, sem conductors, and atons which form sem conduct or corrpounds

Mobi | e i difetime pf aramm%zeéfweé%ﬁdﬁhemn&m rele s shortned o 2koytiSOop compayed
copper, ?lﬁgrﬁféﬁ#ﬁ gﬁ%errpera Z816ed n the article of apparatus is to

be used at “operati fares Ich are greater
[0018] In one embodiment, the particular aluminum alloy which is used to form

the body of an article of apparatus may be forged, extruded or rolled, and should have the
following composition by weight %: A magnesium content of about 0.1 % to about 6.0
% , with a mobile impurity atom content of less than 2.0 %. Mobile impurity atoms
include metal atoms other than magnesium, including transitional metals,
semiconductors, and atoms which form semiconductor compounds. Mobile impurity
atoms of particular interest include silicon, iron, copper, chromium, titanium and zinc.
When the article of apparatus is to be used at operational temperatures 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 and the mobile impurity
atom content should be less than about 0.2 % by weight.

[0019] In a second embodiment, which has provided excellent results, which will
be subsequently described in detail, a particular aluminum alloy is used to form the body
of a semiconductor apparatus article. The raw aluminum alloy stock may be forged,
extruded or rolled. The aluminum alloy should have the following composition (in

addition to aluminum) by weight %: a magnesium concentration ranging from about
5



t han about 250 C, the magnesi um content of the alum numarticle should
range between about 0.1 % by wei ght and about 1.5 % by wei ght of the
article awo oslhe4nobile impurity atom content shoul d be | es3/usazmsabout 0.2
% by weight. [0019] In a second enbodi nent, which has provi ded excel |l ent
results, which will be subsequently described in detail, a particular
alumnumalloy is used to formthe body of a sem conductor apparatus
article. The raw alum num all oy stock nmaybe forged, extruded or rolled.
The al um num al l oy shoul d have the foll ow ng conposition (in addition to
alum num by wei ght % a magnesi um concentration ranging fromabout 5 WO
03/ 073478.575TH 8808 /40 80 2 siligos conaeptratinauranging fimim @ Ystd 4bovh0.8d Pe @ndioat i on

ranging fromO %to about 0 03 % lLFON concentration rangi fromO0%to
Zbout 0. GemTsaRRERE R b P APPSR (Ehgn RGPRE BTHOCRBULR BOG5E BP0 about
0.07 % apsRRUPRIE abRRPET 2k MR ARBIERM At AP %%QOQ%O%O.QOS Hhgut

0.015 % a zinc concentration rangi ng from about %to about 0.16 % a
chr omi umabout®e0itSrias a zinc comghtratidy wngiad fiem o098 % taddwut 00667% and a
titanium concentration ranging. from Q% to about Q. % Mith.other single
i mpuri t i SEToHYHm @?ﬁ@@@"l%ra&%&ﬁgﬁ‘ﬁ?(ﬁg&&oe@c%%%ﬁ O‘Hgﬂ%}ﬁ’ta&gé‘iutmri ties not
exceedi n i rhn e 'Hom B abBRANCHS wit SRR ipfpuiisd ndthe i mpuri ties
are, thegzggi%g#h%%tépg%ﬁpumt?es amaybe p’e}vrln' tted tﬂg rliﬂg)e to %bout 0.2 % by
wei ght .  lesceeditigtabout, 0.0 % @ech ahd othentotad ympwritiesquit exateding ahewt0. la%pdnt i cul ar
specification with respect to particul ates forrreﬂﬁfro Jobil.e inpurities.

O “Che. papip aesiances dgomae R wBA DG RIVAES ey oSS AR IFHE D5 v6 of
al I par tfof 2 BB weioRiN ThRddito8; thElakfnihmeh atfoPis ehGrdAapt i Cl es
may rang?e'ﬁﬁéndﬁ%?%béﬁm@ﬁysilzge. Final 'y, ng m)lre tahag So.?ﬁg/o of the
par ti cl esndeny pheichiar gpecifichtion w2 rgspectus phrtioolafea forinslddsorb@iabge | ar ger t han 40
pm This high. purity alum numalloy | sﬁeéeferred to as LP

her eaf t edmMPRKHies {Qf the prigulateagsiomeraiions aHimRRHILy P%lpg?uqdﬁ&t-[%jﬁtaé%g’#&uc} ara,
Cal i 'f or “ipart%cﬁe@%&& bé‘iés?fhaﬂ%létﬁﬁ 'ﬁgg%. Fib@(?hé%gmaﬁﬁcléshﬁa}aﬁﬁgé b al | oy

article to torma conplex-shaped part, num al I'oy may optionally
be stress meko 2¥enh iatiza. Finally, no more than 0.1 % of the particles may be larger than

20 pm, with no particles being larger than 40 zm. This high purity aluminum alloy is
referred to as LP™ alloy hereafter. LP™ is a trademark of Applied Materials, Inc. of
Santa Clara, California.

[0020] After welding of the elements of the aluminum alloy article to form a
complex-shaped pai't, the aluminum alloy may optionally be stress relieved at a
temperature of about 330 °C or less, prior to creation of the aluminum oxide protective
film over the article surface. The end use application for the part determines whether
stress relief is necessary. A side benefit of the heat treatment process is that it provides
additional hardening of the alloy, despite prior art assertions to the contrary with respect
to aluminum alloys. It is very important that when heat treatment is used, the heat
treatment is carried out using lower peak temperatures than commonly recommended for
aluminum alloys. Employment of a peak stress relief temperature of less than about 330
°C will ensure the desired material properties of the alloy with respect to grain structure,
non-aluminum metal distribution properties, and mechanical properties in the article
produced. By controlling the grain size of the aluminum alloy during stress relief, and

the distribution of impurities within the alloy, it is possible to avoid or at least
6



tenperature of about 330 C or less, prior to creation of the alum num oxi de
protective filmover the article surface. The end use application for the
part det ewpicne4mhet her stress relief is necessary. A siadeThso®bisn1 of the
heat treatnment process is that it provides additional hardening of the

all oy, despite prior art assertions to the contrary with respect to
alumnumalloys. It is very inportant that when heat treatnent is used, the
heat treatnent is carried out using | ower peak tenperatures than conmonly
recommended for alum num all oys. Enpl oynent of a peak stress relief
tenperature of |less than about 330 C will ensure the desired materi al
proper t i gignidicantheredtidedie firtiatiow eHmapuritivs geaitie sirfage bfiarealloyrasticle) wich um

metal distribution properties, and chanj.cal .properti.es in the article

pr oduced!mwtt?ér‘t‘?tp’&f?rﬁi“ﬁgl ti*ﬁgor@’ragf’ﬁ OgE?%%“ Z%W@P%nﬁm% ¢9318g OB ng stress
relief, ' =T ' ek I hderh

possi bl ea%gacg&glﬁlcfd%ﬁéléa't ﬂﬁtgggs?lrgg%%% g§$§W%%%%é?%%sdggﬂn%?%eﬁF% cantly
reduce t btirfbartiod suafhcafindloging ahy esldyjemts intthe suticiea dhiomethod aif ktogss aeltaf cl e,
which inpurities interfere with the f rrratni,[oq of an anodi zed al um num

oxi de coH{OFIFﬁg’aéthm{lﬁb’W%lh‘tnf%’@g’néﬁtlopﬁ’@ﬂh&‘ﬁlcﬂ edl9hi s ensures the formation of
a unifor di zed i e, . I i€ f cod | i ng any
veld o M2 n ¢ ne SRS ik Gig RO, Pkh & Gpy ificd oo

parti cul alettyomit bxidaticioprbedsat Generally, hhd MeicleRd b ahddized if idhtisedas theodi zed

al um num oxi de protective filmis typically, applied using an_e]ectrolytic

A yplI C,
oxi dat i oAngsledpangcidelasplytg 3nd 3 RE cyFrepids @pplisdy Omths diface: the Alumwi®eq as t he
anode in Ci . V. . N jed. On the surface,
t he al uman{)}ymfas egq%rrgéﬁﬁgagyectg Y%ﬁé%oﬁa?%%fgmwlgwﬁ o a layer of alum num
oxide. [ P Pr i ®fiot © thé endtigtionProcess, pirie tepartant to ¢teniicgilyrdeantant o
chemcally clean and polish the alum num alloy surface. The cl e(zilni ng nmay
be carri galighihe ghinypum aHey sisErcek ndrleanaipaebssarnedoutiysingpangthpd A

particul arl f ' i.hg : [ : ! e
Cor 1 ace. SPOVRE RSN TR kP oA ARG Qi maf BRLAARARE 0, 6o
%to 90 Yiteaiip theburgicadethehhapinam atieleiwdth dacidigsaluti@emichidinggibaut ty of

about 1.7 and about 1% - 3 %by weight of nitric _acid. The article
t enper at @GP & suPQ Hoteehmicsh Brage phosphoric acid, having a specific gravity of about 1.7 and

about 1% - 3 % by weight of nitric acid. The article temperature during cleaning is

typically in the range of about 100 °C, and the time period the surface of the article is in
contact with the cleaning solution typically ranges from about 30 to about 120 seconds.
Often, the cleaning process is followed by a deionized water rinse.

[0023] The subsequent anodization of the aluminum alloy surface to create an
aluminum oxide surface may be carried out using anodization techniques known in the
art. A particularly good anodized protective coating may be obtained electrolytically in a
water-based solution comprising 10 % to 20 % by weight sulfuric acid and about 0.5 %
to 3.0 % by weight oxalic acid. The anodizing temperature is typically set within a range
from about 5 °C to about 25 °C, and often within a range from about 7 °C to about

21 °C. The article to be “anodized” serves as the anode, while an aluminum sheet of
standard 6061 serves as the cathode. Generally, 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 at the base of the



typically in the range of about 100 C, and the tinme period the surface of
the article is in contact with the cleaning solution typically ranges from
about 30 wo oalooi4rs 120 seconds. O ten, the cleaning proce®ETiGsos/adshowed by
a deionized water rinse. [0023] The subsequent anodi zation of the al um num
all oy surface to create an al um num oxi de surface nmay be carried out using
anodi zation techni ques known in the art. A particularly good anodized
protective coating may be obtained electrolytically in a water-based
solution conprising 10 %to 20 % by weight sulfuric acid and about 0.5 %
to 3.0 % by weight oxalic acid. The anodi zing tenperature is typically set
Wi t hi n aalianaen ofide Midheat beoGirb Redibpilit operating Gemddizhtiar) vaitage, whichr ange from
about 7 Cto about 21 C. The article to be "anodi zed" serves as the anode,
whi | e artypicaly rrnsesfiemabept 155Y #nekad38061 serves as the cathode. Generally,
during the electrolytic oxidation process the current density, in Anps /
Square Foot (ASF) in the electrolytic bath, ranges from about 5 ASF to

| ess tha@o@@%ASF- Fur BRIEF DESCRIRTION OFA/E DRAWINGSs at the base of the
7 WO 03/073478 PCT/ US03/ 04801 al um num oxide filmpmay be controlled by the
oper at i n@0Rahodi z &k bejter unddrstanding ehtheAnveniipn @aﬂh@n‘?‘hﬁ’%@éﬂ]ﬁf‘éﬂﬁ“&ﬂ%ut 15 V to

b 30.V... [0024] BRILEF I.PTI ON T J X
3ngg$ st af¥ ?1;1%1 ‘%ﬁ"rl%’nﬂ%%ﬁi 51 PSOBBE %oﬁe‘gﬁhmlﬁl@fggﬁ %@%%19% ‘p@glgirl ed

description is considered in conjunction with the follow ng drawings in
which: [0026] Figure 1A illustrates a schematic cross-sectional Scanning
El ect r on[00RBL T os c dhgureildvillustrates acichemptimerpesaspciienal Seenping Bleeren 100, where

LPTM al um.num al | o 02 i | ded i a. 4 'ﬂf;m Eal N filler
mat eri al Miﬁfﬂ??“"’@qgl%’%%% e%’fo\ﬁt%’?@n V&ﬂﬁ%‘{]%w“%%.a%s’{@g‘l cr ac%?ﬁ%ﬂfg@%m

anodi zed @Oty diged ik £364M al@RinuiLcoRBgingHlek atgeriai 104. hOnsvsdctienl oftheuct ur e
100. The anodi zed coating 108 present on the LPTM al |l oy 102 boundary 107

i s rel atwell 103texhitited Threkimgd @6z da anodized goating ippresenhon Ate ynper pfaseafy 105

with weld joint. interf 03 nd.at .th ound N1 4 filler
materialt Oﬁelfleéi St‘f“ﬁﬁ'ﬁ‘? ?&gl 'g;het fpefized CoFme urplr?s;?g{o%nr %llg?;‘ i attag%y g‘g present at
and, in §oWRIakEI788¢Qatively thick. The anodized coating 110 present at the boundary 105

with weld joint interface 103, and at the boundary 109 with 4047 filler material 104 is

relatively thin, with impurity particulates 112 present at and, in some instances,

extending through anodized coating 110.

[0027] Figure 1B illustrates an enlarged view of the structure shown in Figure 1A
at the area indicated. This shows the 4047 filler material boundary 109 with thin
anodized coating 110 at the indicated location. This enlarged view shows better the
particulates (impurity agglomerates) 112 which are present throughout the 4047 filler
material 104, with some of the particulates 112 extending up through anodized coating
110 at locations 114.

[0028] Figure 2A shows a schematic cross-sectional view of a preform chamber
liner body section 200 having sidewalls 202 and a welding extension 204. The liner
body section is in the form of an extruded tube of LP™ aluminum alloy, where the

centerline of the tube is marked 206.



extendi ng through anodi zed coating 110. [0027] Figure 1B illustrates an

enl arged view of the structure shown in Figure 1A at the area indicated.
Thi s shovwotohme734@817 filler material boundary 109 w th thi mCTarsostv4sed
coating 110 at the indicated |ocation. This enlarged view shows better the
particulates (inpurity aggl onerates) 112 which are present throughout the
4047 filler material 104, with sonme of the particulates 112 extendi ng up

t hrough anodi zed coating 110 at l|ocations 114. [0028] Figure 2A shows a
schematic cross-sectional view of a preformchanber [|iner body section 200
having sidewal Is 202 and a wel ding extension 204. The |iner body section
is in theo2eim of Bipuexd shoed aschemaic topVigvadithe prefort clombenkiesrdotliie

centerline of the t ube | 206. 8 03/ 073478 PCT/ US03/ 04801 [0029]
Fi gure 2B°C4RBYA Eﬂﬁ‘éﬁ%‘g Wnﬁ?rsgg%rwss?“%e ceBtetin m chanber |iner body
section 200 of Flgure 2A, where 207 represents the centerline. [0030]

Figure 2C shows a schematic cross-sectional view of a preformtop plate
with fla 03220 V\/ril?lgiireizsj $lowser schématicomossededidehal viepr effapraforhdetbglatel i ner

bod ect on Top . pl ate th fl nc| a a 208, a fl ange
530 5| mitmse JAAvRchs i 5 Fickien HERe fo s “d@s e o SEBrat | ¢ 1 o
vi ew of i t

the cent gpﬁl Eglppﬁ)%%%l%ﬁ uéfie@lg%%dﬁ%obéggzgghena IC crosségze(%:%[?%:lgrr\??gu zf

t he conbicageklinertéuded tube structure 200 and the top plate with flange 220
as they are lined up prior to friction welding, where centerline 206 of
extruded tube structure 200 is lined up with <centerline 216 of top plate

with fla 20. | ' i [ e
structuri&g&di and %lﬁlﬁméﬁg%\%hgk ﬁﬁgﬁég&g%gﬁggjt%ﬁg%e V\ﬁj%?(% ange 220
whi ch wi g @ECSﬁﬁéﬂefZIW@ébre@htsltbﬁedntdrhnepart during the frictional welding

process and which will be squeezed out as flash to provide a clean fresh
surface at the weld interface (not shown).

[0032] Figure 2E shows a schematic cross-sectional view of the combined
extruded tube structure 200 and the top plate with flange 220 as they are lined up prior to
friction welding, where centerline 206 of extruded tube structure 200 is lined up with
centerline 216 of top plate with flange 220. It is the welding extension 204 of extruded
tube structure 200 and the welding extension 212 of top plate with flange 220 which will
be sacrificed, at least in part, during the frictional welding process and which will be

squeezed out as flash to provide a clean fresh surface at the weld interface (not shown).

[0033] Figure 3A illustrates a cross section of a test coupon 300 taken from a
friction welded process vessel liner (not shown in its entirety). The alloy used to
fabricate the liner was LP™. The chamber body liner (extruded tube) structure 302 was
friction welded to top plate with flange 306 (machined from a flat plate extruded stock),
with the weld line being in the area 304.

[0034] Figure 3B illustrates the microstructure 302m of the aluminum grains in
the chamber body liner (extruded tube) structure 302, which aluminum grains were
undisturbed by the welding process.



[0033] Figure 3Aillustrates a cross section of a test coupon 300 taken
froma friction welded process vessel liner (not shown inits entirety).
The al | oywovaa73488 f abricate the |liner was LPG The chanmbeCThsdyod4spner
(extruded tube) structure 302 was friction welded to top plate with flange
306 (machined froma flat plate extruded stock), wth the weld |line being
in the area 304. [0034] Figure 3B illustrates the mcrostructure 302m of
the alum numgrains in the chanber body |iner (extruded tube) structure
302, which al um num grains were undisturbed by the wel ding process. 9 WD
03/ 073478 PCT/ US03/ 04801 [0035] Figure 3Cillustrates the mcrostructure
304m of [gee5R! um nBigugr3C fikisirates theeniarosauabret30dns ofithe Alumahumgtagns3o4. [ 0036]
Figure 3D illustrates %ége i cri)structure 306m of the alum numgrains in

the top Peare afjtesirrctig éfve%é, -whi ch al uni num grai ns were undi sturbed by
the welding process. [0037] Figure 4 illustrates a test coupon 400 taken
fromthe friction welded liner described with reference to Figures 3A

t hr ough 36The t eFigurdIpilluswates trahicretudtore 306eneli thg alndneogsiistisd of "dog
ears" 402 and 406. Bendi ng was carried out . with fricti,o | ded.j oi nt 404
at the cthst op pate Witk flnage 309.00u6h alFF’g‘EH‘%g@KlsiW?rEé‘PﬁhéWé@r&fy\é}ﬁ%g? tion of
a test cQupon 500 taken fromthe sane friction welded process chanber

| i ner asp{oﬁgﬁs. di scussed with reference to Figure 3A, after cleaning and
application of an anodi zed al um num oxi de protective film [0039] Figure

5B illustrates the thickness of anodized coatin 50§$eefc&éer ex@g&.or
surface (WBThdary) Fgse dillesiatas artes senypon; 498 taken, fon We PeIFi gur e

5C il lustrates,t hi ' ' i
curface. PROHRGLMR rtibErRHaGes IAMUNGEEE BRI A RMBn RIS PO OT
t he thi ckpefise &ld @nedicaod “eapéars4(BAMmd 406 Behdiag wex catied ouswith feion

(boundary) 507 of top plate with flange 506.
welded joint 404 at the center of the bend.

[0038] Figure 5A illustrates a cross section of a test coupon 500 taken from the
same friction welded process chamber liner as that discussed with reference to Figure

3A, after cleaning and application of an anodized aluminum oxide protective film.

[0039] Figure 5B illustrates the thickness of anodized coating 502a over exterior
surface (boundary) 503 of chamber body liner structure 502.

[0040] Figure 5C illustrates the thickness of anodized coating 504a over the
exterior surface (boundary) 505 of weld joint area 504.

[0041] Figure 5D illustrates the thickness of anodized coating 506a over the
exterior surface (boundary) 507 of top plate with flange 506.

[0042] Figure 6 shows welding process variables as a function of time for the

welding of a prototype chamber liner which exhibited excellent welding results.
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[0042] Figure 6 shows wel ding process variables as a function of tinme for
the welding of a prototype chanber |iner which exhibited excellent welding
resul ts. WO 03073a3¢ 073478 PCT/ US03/ 04801 [0043] Figure 7 Paowsosedsdi ng
process variables as a function of tine for the welding of another
prot ot ype chanber |iner which exhibited excellent welding results. [0044]
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0045] As a preface to the detailed
description, it should be noted that, as used in this specification and

t he appended clains, the singular forns "a", "an", and "the" include
plural referents, unless the context clearly dictates otherwi se. [0046] In

t he past[0043hpl ex Fgrapadhewsivelsint proosss yroduessdisafungivaradttinee foathes and
devi | | bri cat ed i ni.ng. f i
oV oy ThEs i gl b astamber Ries i arriisd SHURpby Sbtepli T o

machi ned had i nherent porosity. The porosity was evident on the nmachined
surface of chanber liners and other conponents which were nmachined from
t he i ngof®44pnd t MEPAICEP BESCRIBRTION QFAHEINVENTIQN| y anodi zed. A poor

anodi zed al um num oxi de. protective | ayer on th face,af an_ apparatus
part af f el theAé@rﬂr?fggeotﬁ tﬁ"eé‘?tg'f TR S]E‘?iﬁ#_%ﬁﬁ?)tﬁd oagdllsﬁ&){?’o a
COrrost Vs %}Je@ﬁﬁgﬁo %}\‘ﬁ.tﬁﬁh‘ﬁ}%ﬁdéﬁ clAntMHAR Al dr @rm¥iae ahachng «gent rol | ed
grain structure an&1 iC was superior In terns of porosity (relative to

t he i ngoinclutephexl refetkads, shkskthe sontextadealy dietates athedviseibe. Al t hough it was
desirabl e to use an_extruded .t ube fgr t he %{&gewal | s.of the there

| i ner
was the H8] em ofn theRattocadpEahapet smisra %W?Feﬁﬁl%ﬁ%oaf%ustmf’é'gsapgeml | 's.
ve wel decian wab pisle! thifodc 8y hhapaIRg Hhh Blo8RGr Rk aNlopTRsd Zed

coating over t exterior surf of the welded structure. The area of the
|'i ner i nhigd inBots beblekgifrpmiwiticiwdis apparetsie partsvasredidchined had idhegamddi ze. W

tried several different nethods of welding, incluyding, |aser | di ng,
el ect r onPRESIY-WERPHBSIY AR WF‘%%@I‘ Hﬁeﬁa?"_hff%fl SB@W%,&‘&%B?T H§tS a\g%f%ﬁiy of
limtation, . 58aal 'EIIII%IC%X@'JEI%({%IB BRI SR dTHE Pord s §itBRE chadubite | N heat
af f ect ed“&reas and mel tl ng of tiller, with cooling and recrystallization,
so that tdiblyvnodiasd.r Agiour enddivetihbimainem afidd preteavellayer ahi thé euréase of pom t he
m crostructure in the parent . ) .

apparatus part affected the corrosion resistance of the part upon exposure to a corrosive

plasma. One source of aluminum alloy which had a controlled grain structure and which

was superior in terms of porosity (relative to the ingot) was extruded stock, such as an

extruded tube. Although it was desirable to use an extruded tube for the sidewalls of the

liner, there was the problem of how to fasten a top plate with flange to the sidewalls. We

welded an extruded tube to a flanged plate and formed an anodized coating over the

exterior surface of the welded structure. The area of the liner in which the weld joint was

present was difficult to anodize. We tried several different methods of welding,

A

including laser welding, electron-beam welding, and TIG welding, for example, but not

by way of limitation. Use of fusion welding techniques such as these results in heat

affected areas and melting of filler, with cooling and recrystallization, so that the

microstructure in the area of the weld is different from the microstructure in the parent

material. None of these welding methods enabled application of a satisfactory anodized

coating over the area of the weld joint. To make matters worse, a semiconductor

substrate tends to be positioned toward the top of a plasma processing chamber, so that

the welded area of a chamber liner is exposed to the highest density plasma. As aresult,
11



material. None of these welding nethods enabl ed application of a

sati sfactory anodi zed coating over the area of the weld joint. To nake
matters \Wep/07xA78emn conductor substrate tends to be posipCirarsesfo4sonar d t he
top of a plasma processing chanber, so that the wel ded area of a chanber
liner is exposed to the highest density plasma. As a result, 11 WO

03/ 073478 PCT/US03/04801 it is this portion of the |iner where the

anodi zed coating needs to be particularly corrosion resistant. [0047]
Figure 1A illustrates a schematic cross-sectional SEM view of a typi cal

el ectron- beam wel ded structure 100, where LPTM al umi num alloy 102 is wel ded
using  40#Anisigotiftn eahelihalwhkidthe @Ghedisatddating atedshie baphticiiaty esinddion ed
cracking 106. An anodi zed coating was fornmed on the upper surface of the
wel ded sesisigniur e 100. The anodi zed coating 108 present at the boundary 107

W th LPT | oy 102 was,rgl afi|vel | C angd.: ;pﬁ X8 to provide
adequat ﬁb?@[ ecti %zﬂ%?Adﬁ@ateéﬁﬁéhi%T% isg%gne%%ggﬂ en.esyrfg%lggallm i's
exposed ¢&tRnCiaiweMed Bindshire 10bjovmesre LP ¥ hrnsinmsliatieg 102 it welded dsify f ormed at
boundary 105 in the area of weld interface 103 and at bouqﬂ?;¥P109 in the
ar ea of 4@ filker oateriakl B sQae sqctipe of thervesld 403 exhibiigdcrpcking L0 oAy ¢ hi n,

i ndi cating .. qyest i onabl ey f or man COIY @8j.ve pl asna.
| addi ¢ H6Ai70 Sopeave el et BRTRRe Ak GryRO S A R R B S P

boundar y,;Ha% .8 6htidd s4R4énedt whe Buimdas! 100ywillOBP Shatiwd,02agasitblatistly at ed i n
Figure 1B, that inpurity particulates 112 were present in Iq&%g nunber s
near bouthitky gnd Gouldrie espeateriodrevide adpquatspapteeipndontndeglyned-i n dlgie

i nst ance 14. 0048 ased on,our. obs [.on r gli i rocesses
wht ch i 0 VBER fRees (QDRGRPpRA S F olREF HRbha FoREAR fe Mottt diing DOTEOES
| nvol ved; ffj fohsd Ho RG9S tHahesaeoftviad altetficauioB ahd eyboumdaryd@9ad ther near
melt condition, we concluded that the surfaces presented_ in the wel ded

part wer sremof 4 aluminpen-based fidlef wetesiel Y wes parfieylarkpthen, indiedinged coat i ng.
\[Ng?gg] Tgl?ersteloga[b?e Se(%%ermg}mgehwl?e%réxtp se:adI t8 %enéjo@ro%we%\fassnﬁﬂ md&iﬂoﬁ,@eclgsret whi ch
inspection of the anodized coating 110 formed at boundary 109 over the 4047 aluminum
alloy 104 showed, as illustrated in Figure 1B, that impurity particulates 112 were present
in large numbers near boundary 109 and extended through anodized coating 110 in some
instances 114.
[0048] Based on our observations regarding welding processes which involved the
use of filler materials during weld formation, or which involved diffusion processes
where the aluminum alloy must be at or near melt condition, we concluded that the
surfaces presented in the welded part were not conducive to the formation of a reliable
anodized coating.
[0049] There are some high purity aluminum alloys known in the art which were
useful in providing corrosion resistance with respect to halogen-containing plasma.
These alloys are described in U.S. Patent No. 5,756,222 to Bercaw et al., issued May 26,
1998, and titled: “Corrosion-Resistant Aluminum Article For Semiconductor Processing
Equipment”. This reference discloses an article of manufacture useful in semiconductor
processing which includes a body formed from a high purity aluminum-magnesium alloy
having a magnesium content of about 0.1 % to about 1.5% by weight, either throughout

the entire article or at least in the surface region which is to be rendered corrosion-
12



useful in providing corrosion resistance with respect to hal ogen-contai ni ng
pl asma. These alloys are described in U S. Patent No. 5, 756,222 to Bercaw
et al., iwowad7vBy 26, 1998, and titled: "Corrosion-Resi PCANtSOAD48ni num
Article For Sem conductor Processing Equipnent”. This reference discloses
an article of manufacture useful in sem conductor processing which

i ncludes a body forned froma high purity al um num magnesi um all oy having
a magnesi um content of about 0.1 %to about 1.5% by wei ght, either

t hroughout the entire article or at least in the surface region which is
to be rendered corrosion 12 WO 03/073478 PCT/ US03/ 04801 resistant, and a
mobi | e irgRstaht ¥ndd AISbIE RheMty afon esmerttivdiesd t2n% b heweight. Mblild e i npurity
atoms are defined as consisting of r’rFt al ~atons ot her than .nmagnesi um

transi t iiowatityasors ere defived anennsising of metH! aioBOthfithan PTF YN conduct or
conpounds. . Mbile j [.i i : i junggon, iron,
copper . T BEPaALE T B O Kt ) ey b
over | ai dyigyil@imRnitg eloméepattidulariywhingd includesilisdrgivons @ppér; elsomiymsodh as an
al um num oxide or alumnumnitride film The _subj ec(i matter di %?I osed in
this patzime. The highpbsity aleninyormagersiyn pliemaybeoysriad By gptaisctyy im go50)

U S. Patent. No. 5 811,195 t0_B al i  Th998,  and
Ui Ll e Wb v BREHRAPE i SR o e R . A ot

further gdiactpagsr disabselhe iiBgnesiivmrepnesiponked hierefdremt iuits entireyl e may be
in the range of about 0.1 %to about 6.0% by weight of the_ al 8%num
articl e.[0BB6Okver , U.8rPateid¥abitdhdos te Bewawtal pbasyred Sgatembdes 234 d%%hi ch are

greater t bout 250 C .the ,nagnesi : am o article
houl o rERGBIRe st St oA DR AHE ¥0L SeuhalcR MO PO ©
the artigl@er diSciasiditiidt @b mahediutd Edntenit of theabirhidach drticleiaytbetif the remdei | e

inmpurities other than nmagnesi um nmaybe as high as_about 2.0 % by weight in
par t i cul effationt0.a%ctesbolfe0Yerhytvaeiglt of thewleminume prticles HowsvemRver | vi ng t he

exterior region of the article. body..whe I ii5£s al um num
oxi de or ORff tfﬁnﬁh‘i‘?fnpﬂ’f‘?&frﬁ%?%th? ﬁ%icffn glclhs?r ev%%%%%ﬁ%?%@ gggr%rfatgﬁesi um hal i de
layer hayipgesfinh Bbtkfi@tshfudinuheasicleaRont rakhetRRbeeniabomrts1 bi/y weight

exterior surface of the alum numarticle. The su,bj1 ect matter )
and about 1.5 % by weight of the article. In addition, an article is described m which the

mobile impurities other than magnesium may be as high as about 2.0 % by weight in
particular instances. One instance is when there is a film overlying the exterior region of
the article body, where the film comprises aluminum oxide or aluminum. Another
instance is where there is a magnesium halide layer having a thickness of at least about
0.0025 microns over the exterior surface of the aluminum article. The subject matter
disclosed in this patent is hereby incorporated by reference in its entirety.

[0051] Cabot Corporation, along with other corporations have offered a high
purity aluminum alloy designated C276 for general sale for more than 10 years. This
high purity aluminum alloy chemical composition may be useful in the present invention.
However, the specification for the C276 alloy includes a particulate size and distribution
limitation with respect to impurity compounds and agglomerations which may present
problems regarding anodization of the alloy surface.

[0052] The Bercaw et al. patents previously mentioned are assigned to the
assignee of the present invention, and additional work had been done regarding high

purity aluminum alloys subsequent to the discoveries made by Bercaw et al. In
13



disclosed in this patent is hereby incorporated by reference inits
entirety. [0051] Cabot Corporation, along with other corporations have
of fered awbioglo734ptiri ty al um num al | oy desi gnated C276 for pgensoab4ssnl e f or
nore than 10 years. This high purity alum numalloy chem cal conposition
may be useful in the present invention. However, the specification for the
C276 alloy includes a particulate size and distribution limtation with
respect to inpurity conpounds and aggl onerati ons whi ch nay present
probl ens regardi ng anodi zati on of the alloy surface. [0052] The Bercaw et
al . patents previously nentioned are assigned to the assignee of the
present parailas, anewaigh patity aluaratmwaliok nieatindpaticdenequiegoends fog hi gh purity
al um num al | oys subse%uent to the discoyFriﬁ%MPade qX et.al. In 13

C

. Ber ca
WO 03/ 07Eapreitpapmsnd fovmaticulss size Eaness © aHPHe paﬁﬁf%%ﬁfg%?ﬁ num al | oy

nmeeting particular r I t i i or i cul ate
si ze rgn@&W atzg%lcs uarrrlgl%g §{r?]i§d§g§erg%% aglrsrgﬁr%@g%mg% teg?&rr%‘%;}ﬁ)f {1/ E;Ij[hg?%?v'and
conpoundgiuinaie eflo BB ™S ediasskiteon ik Vedeeibed VS, Bpiedt Afipiecationy Sesihildo.num al | oy
LPTM conposition is described in U S. Patent Applicajion, Serial No. filed
Febr uary_8, 2002filedfgbmesy 870021 andiansgneddp dareessignes picthp PESEHEMYCRUSHt i on.
The contegpt of th .} i [ i . : r einits
ent i oty gt SEGpel RISk Rl sl BT RRIAL PR iRerkiRHET TG "y
vei ght % pPagMRsingRided infpurities e féllowing Famaes brgweizhnVahnagneSuh @t o about
4.0 % silicon at a concentration rangi ng fromO %to about ,0.03 % iron

at a concewentzationrangingfreg Fhoghs-09% trabembhiO Yepsilicpmat 2 copgrBfraign 5

concentration rangi,ng fro Qut. 0. % : 07 9% no se at a
concent 1 EVEGH IR g ep PHOmORBo: ! B thbutBlbuiiadh oy ROBRACTE 2
concent r gioeh, dopP& A4 cbheRuaiow angin@Gidth bisowa®at%@o 46o0.05Mom um at a
concentration ranging fromabout 0.02 %to about 0. 07()% and titaniumat a

concent r atanganesasi cegosiration gaaging Horeabow. (AW %yto ghew Odtlne dngRfide
impurities not exceedi ng abqut 3 Y d t J 1 ties not
exceedi n§OXFBERIG F0G0NS %ﬁ’gl %ﬂ“&@-og & ‘r’“rtp{(’)oésgn?’t% ? 8‘2@ n@’fgﬁ}g{%&n@ aaé\?ggéﬁﬂn‘gggﬁ by

Spar ki ng rf@tdposorh boddM2 @ tolBodd. 4724, atEtthatuhar a Codsntration ranging from

0% to about 0.010 %, with other single impurities not exceeding about 0.03 % each and

other total impurities not exceeding about 0.1 %. The alloy composition measurement
was made by Sparking method for GDMS or by Molten method for GDMS.

[0053] In addition to the compositional limitations, applicants required the
following additional specifications with respect to the LP™ aluminum alloy. Ofthe
particulate agglomerations of impurity compounds, at least 95 % of all particles must be
less than 5 ym in size. Five (5) % of the particles may be larger than 5 ym but less than
20 pm in maximum dimension. Finally, no more than 0.1 % of the particles may be
larger than 20 um, with no particles being larger than 40 um. The analysis technique
used to determine particle size and size distribution was based on back scattered image
analysis under the scanning electron microscope (SEM). The magnification was at 500x
in order to assess the constituent particles. The area of each image was about

150 ym x 200 um. 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 jn 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
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[0053] In addition to the conpositional limtations, applicants required
the follow ng additional specifications with respect to the LPTM al um num
al l oy. OwDle/073asti cul ate aggl onerations of inpurity conpernte3/osvl | east
95 % of all particles nust be less than 5 pmin size. Five (5) %of the
particles may be larger than 5 umbut less than 20 pmin maxi num
dinmension. Finally, no nore than 0.1 % of the particles naybe |arger than
20 pm with no particles being |arger than 40,um The anal ysis technique
used to determne particle size and size distribution was based on back
scattered image analysis under the scanning electron mcroscope (SEM. The
nagni f i caddlyks. VeI iglag&00ere tiansforre@to dndnmgs esayzeh end thestisttibwivn ofélne i cl es.
The area of each image was, about 150 pm x_200 The digital .resolution
was at | paselegwithgringanaspmicaumbes bigharthanihgbel X%Y}Btetlgglé‘?fn%ﬁgesr)é{fﬁﬁ%m froma

sanpl e argg’cg%tgé %rgd 1%71 %siu%e h ﬁe%‘ia@ E'?sioﬂltiBﬁ AfSwiPr? MAbileS8R% A}%}?ﬁ:’feﬁ sgent of

vari ous rostructure, to ensure neani ul statistical

anal ysi sgmings 0:aGkn. ST ineige dnalypgesedwasIBN by Abiky: Rarticledgglompratesi de f or
statistical 14 WO 03/073478 PCT/US03/ 04801 analysis. The,i rrag,es wer e
t r ansf er Wetk Seon aypreginijated partiglesy Hhearanetears & dstemng fhegrrrtiqles Siger ti ¢l es

with a an..at.om c_nunber hi gh f Al i i { mages) were
det ect egﬁgﬁz}mﬁfgggvgreeﬁhe aﬁﬁ@e%?af{hgfape%%ggﬁgzirf%n@ al%%ﬁgﬁf& ggdrd%r(r)g sﬁjr’emgnt)of
parti cl esyhas A WML bredof @ pastiens. TR clRBimita ey 2efollowed 01834 ; 2;BAS; fy207ei ss.

Particle aggl omerates were seen as precipitated particles, The paraneters
t o det er ADn&he hembenafiperticles isjeach clafs Stap ﬁﬁtﬁfm’@ﬁd\mfﬁ) gl_enlnﬁgn@;zg;éq E(S)O %’f t he

area equal circle co = 2 x.square ot of (Alit), where Ais the area of a
particle?orfﬁ%{ogarlélggl%ﬂ?fgagl r%e%lsgfegblloms: 0.2; 1; 2; 3; 4; 5; 20; 40.

The nunb%osql par tTied 1gh prrigaET™cihasisumasiores epehsiecenivettbeandwd mal i zed to
100 % for the total nunber of particles neasured. [0054] The high purity
LPTm al usluminumialloys, makingdbimpartant | conseyee matesieh dgaddition] thaghine oys,

R L e

machi ni NGeduiraB, anﬁeﬂéiécgﬂﬂnemﬂd pRrafb@RkinBRdnHrRgoaed tore hi ni ng

instructions have to be )
reformulated for each different complex apparatus shape. We considered the use of an
extruded tube to obtain near net shape dimensions for the sidewalls of a chamber liner to
very attractive, saving in both materials cost and machining cost. However, the problem
of how to weld the tube to a top plate with flange to form a chamber liner still remained.
[0055] To avoid the potential for particulate formation due to the agglomeration of
mobile impurities in the area of the weld, we wanted to avoid a welding process which
involved the use of a filler material which would be a source of impurities. We also
wanted to avoid the use of a welding process which required the melting or near melting
of the alloy to be welded, which permits impurities to migrate, agglomerate, and move
toward the surface of the article being welded. We selected friction welding as the
welding process offeﬁng the best potential for achieving our goals.
[0056] The new problem became how to friction weld a large surface area of the
kind required for a chamber liner, where the surface area to be welded was in the range of
about 45 square inches ( 290 cm?). We were unable to find a friction welding machine

which was capable of handling such a large surface area. We had to empirically develop

a frictional welding process which could be used to weld Lp™ alloy structures of the size
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refornul ated for each different conpl ex apparatus shape. W considered the
use of an extruded tube to obtain near net shape dinensions for the

si dewal | swofosa7ahanber |iner to very attractive, saving iPaThsoho4sat eri al s
cost and machi ning cost. However, the problem of howto weld the tube to a
top plate with flange to forma chanber liner still remained. [0055] To
avoid the potential for particulate formati on due to the aggl onerati on of
nobile inmpurities in the area of the weld, we wanted to avoid a wel ding
process which involved the use of a filler material which would be a
source of inmpurities. W also wanted to avoid the use of a welding process
whi ch 1 egdaiufredifdr peoce® dhaneplinsreand othbrt larpg stroétutcseeeddddyr vasidve wel ded,
which permts inpurities to mgrate, agglonerate, and nove toward the
surface efmicprdugior pppasatyeppRIicABPMed. W sel ected friction wel ding as the
wel di ng process offering the best potential for achieving our goals. [0056]
The new probl em becane how to friction weld a |l arge surface area of the

ki nd rquygqp for EXANWETIES: | iner, where the surface area to be wel ded was
in the range of about 45 square inches ( 290 cm). W& were unable to find a
fricti on[QMBHi ng rExempheOnghi ch was capabl e of handling such a |arge
surface W had to enmpi-ticall: bodlona b ocess
whi ch coliohe usba PBGErar LWFHAL A5 B v B AR e LB

03/ 073478 BesbhibRO?{tA48P4ct 16 a@meth@llof podurimceplasmi ardeess dhamberslirendf theher

| arge structures needed for various _sem conductaor appagg%ﬂ%pﬁﬁglications.

[0057] Ekidrisesby ajstmss AppliediMateralie Icomsopumsr of diffaen Lt rati on,

and not by way of limtation, t i i ! i 1 respect
to a net R %%’ngp%yat&{}‘éi g ?Q%Flécsen% dr%%@slégl%}%ﬁn@etrh eP‘lqneﬁ oid i?ﬁglp%?(hnd used
by assi gRe@: MRRbARE N Roa!fSr the ApplitdMatetialhaic. eMali fohrmber lsemiesonduct or

processing systens. For reference pyrposes, one skilled ipn the art may find
it hel pf Max'§ catheflelinerpanst fou thet MXEY or sbambss lingy for gxamplss PEIPPRES i al s, Inc.

e- Max TMwﬁ]ga%ﬁgglgril f?ghg?}g(}ipg/ﬁé ul\{l‘n(fgatthg %&%de%fm offid ifhtibhe ThEEZe JM chamber

l'iner for
these process apparatus elements requires a weld surface area of 45 in%, 35 in%, and

-

45 in?, respectively.

[0060] The e-Max ™ process chamber is used in the plasma etching of structures
on semiconductor substrates. Plasma etching is frequently done using halogen-
containing plasmas which are particularly corrosive. In view of the information we
developed with respect to the properties of various aluminum alloys, it was decided to
fabricate a prototype LP™ aluminum alloy chamber liner. The liner component was
fabricated from a flat plate flange joined to a cylindrical body. The cylindrical body was
formed as an extruded tube of the LP™ alloy. The problem was to join the two elements
to form the complex-shaped chamber liner component. After considerable investigation,
we determined that Manufacturing Technology Incorporated (MTI) of South Bend,
Indiana was the sole U.S. domestic fabricator of friction and inertia welders with
machine capability to accommodate e-Max 200 mm liner components. The descriptions
in this example pertain to a prototype chamber liner fabricated on friction welding tools
available from this manufacturer.

[0061] The prototype LP™ alloy flange components were machined from plate

stock and the cylindrical liner bodies were from extruded tube stock of the same material.
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whi ch has been fabricated by us during the devel oOpnent of the invention.
The size of these process apparatus el enents requires a weld surface area
of 45 i n2wv0353/07328 and 45 in2, respectively. [0060] The ePUEASIM4SPDCESS
chanber is used in the plasma etching of structures on sem conductor
substrates. Plasma etching is frequently done using hal ogen- containing

pl asmas which are particularly corrosive. In view of the information we
devel oped with respect to the properties of various alum numalloys, it was
decided to fabricate a prototype LPTM al um num all oy chanber liner. The

| i ner conponent was fabricated froma flat plate flange joined to a

cyl i ndri dngeady lindittedosg|vwerel itectéd whiddy atdedT uﬁdﬂrrmddia&:tian, texvatidatednt ube of
the LPTM all o The p rob(iemvvasto join th nts .to.formthe
conpl ex- $f ‘%ﬁ&ﬁﬁ%ﬁmilﬂ%P“@ﬁﬁbWHQﬁF“”%FﬁggVgéﬁ By app &nchiorRst i gat i on,
we deterqgﬂﬁﬁg; %%nufacturlng Technol ogy | ncorporated (Mrl) of South
Bend, e sole U.S. donestic fabricator of friction and
inertia yeosxrs w Writh efeedtice ¢o Pippad2 Aj this sthemativomossaset thoreH Ibixat 800 mn l'i ner

t The d t th int
Chanber  Tlemm pbies AEBEba Sria P MWy A Ba0s ando arl ok verut ¢ s
f t
machi ned 2romtpRaraes AES L LHRERRh a0 Bt S Ao AR R R 2

ext ruded i endthe Gkight (1édpeh)SXAEl wad sboual .5 inches (38 ﬁﬁi)omééﬁteﬁﬁﬂ'dlhﬁe&t 04801
Fllange and |iner bodies were inertia welded at Ml Cij r .our, direction, to

val i dat e Dihof the dingrhody seqtioncvaseRowk] 40 hichesdd 63 mmyand thednierer diameisy wel d
q_ual ity ?2 %tfhg Tﬁélj 1ol %Ectldno(lo{yepﬁlaﬂ%\;e éﬁ*tusstlérgg&ékvewa%gu{ ﬁfﬁ ﬁﬁl?e@nber

Figure 2 Seherd Ss-section preformc

| i ner boqyosaet) Paralielshay thdirkr dedpddetio?¥ds wittin0.080 dich@0.2x hensaah  204.
The thickness 204T of wel di ng extension_ 204 was approximately 1.05 inches

(26.7 mﬁpn@mwh@vw@nn 0¢Q08rigetn{0-2omp) wHiguspaR s 4 top View REdEsgor) . The
(eg'[?gr Im(Br; , ' a M 1 neer |b?1 3& srelgé?ﬁ 280 l&l‘{lz?é 26’P1%¥re§5ﬁ§ {h%’le%ﬁm%%%h nBwnl.oches
206 on Flgure 2A.
[0063] With reference to Figure 2C, this schematic cross-section illustrates a
preform chamber liner top plate with flange 220 which is to be friction welded to
preform chamber liner body section 200. Chamber liner top plate with flange 220
includes a base 208 having an exterior diameter D3 of about 18.5 inches (470 mm), a
flange 210 having an exterior diameter of about 20.0 inches (508 mm), and a welding
extension 212, where the thickness 212T of the extension 212 at its end was about 1.05
inches (26.7mm), and the height (length) 212H was about 1.12 inches (28mm). .
Parallelism of the top plate section was within 0.005 inch (0.13mm). Concentricity was
within 0.008 inch (0.20mm). Figure 2D is a top view of the preform chamber liner top
plate with flange 220, where 217 represents the centerline which is shown as 216 on
Figure 2C.
[0064] Figure 2E shows an assembly of the preform chamber liner body section
200 and the preform chamber liner top plate with flange 220 prior to friction welding.
[0065] The friction (inertia) welding process was carried out on MTI’s 450-ton
inertia welding machine, which is comprised of a rotating headstock and a non-rotating

tailstock. The desired weld energy was obtained by driving an inertial mass fixed to the
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D2 of the liner body section (other than wel ding extension 204) was about
11.45 inches (290 mm. Parallelismof the liner body section was within

0. 010 i ncwo(0B/02878n1), and concentricity was w t hin 0.008PCAAIs0§/@820 n) .
Figure 2B is a top view of the preform chanber |iner body section 200,
where 207 represents the centerline which is showm as 206 on Figure 2A
[0063] Wth reference to Figure 2C, this schematic cross-section
illustrates a preformchanber liner top plate with flange 220 which is to
be friction welded to preformchanber |iner body section 200. Chanber
liner top plate with flange 220 includes a base 208 having an exterior

di anet er IBRdgpclatonspedigicd rotadonss velagity. ndy) PLG cortradley mapagedrednaghizen ext eri or

di t f about 20.0 | h 508 , el di t [ 212, wh
hathi cihe ot pRoar Bt 85 SutrapentHloss ot fe PUEHE e dibi o e | nchos
(26. 7mM) , 28016 4ddgs BREARLpdsttRMSE B achiedld MPBiRRGHS bdtwkén i%%%oﬁ%gﬂméﬁﬂts ,

Parallelismof the top plate section was within 0.005 inch (O.

Concent r i toibeyweldesd. i wisldeyoleGoBiafinn,lth¢ Beadtonl is decejemated2DthesdeairedRPM, ew of

t he prefor hanber .| iLher to at.e with flange 220, where 217, represents
the cent e 'tﬁ%gWﬁ‘ '&IH{ 9@6%8%{1 %cgi%%g B RTCPR&] e'éélezfr(%‘é’lﬂn qﬁ%@ﬁ@é?‘g? shows
an assenbicyhedile, thStaRtBEIOTsAAS AR aubin B Be t%%n@%ﬁéﬁt% mglggcd?’{l’%_t,t he preform
chanber liner top plate with flange 220 prior to friction weldi'ng. [0065]
The fri ctgeavrrafé frctional heatelglindgilimmetehsselda 4 sdanoseplastict dedormdiibh svelhfls t on
inertia welding machine, which is copprised of a rotating headstock and a
non- r ot atl?rﬂ@ess‘tgsamegltn&@.es RYPCOWs Oéaﬁ%é‘|h&afe%?&?f@§}°9\&‘§u HELMASHIPOREY i ng an
inertial RBsSiohi%89ubRaql WP B 3 :9Cck to a
speci fied rot 1a(l)t [ onall1 v(ellég%inge&l A P%Jé%(%gﬁftzggIlﬁpyﬁgnggé%}alcfemng%ﬁ?%e

f unct i onsfrem the mgrah matidg surfaes, aqerwith oxileoasl cohtemihaits steaxjelied iptiegr armed

Lo Tove e pand SelOLhal b PESLLLRNS R SR oS 20l noh c

R T T
weld interface due to the application of axial upset force. Flash will occur on both the
outside diameter (O.D.) and the inside diameter (I.D.) of the assemblies in the weld area.
Weld upset typically refers to the difference in length between the welded and unwelded
components. Upset results from the plastic displacement of material at the weld
interface, and is dependent on weld energy, rotation velocity, and upset load. Faying
surface typically refers to the contacting surface of each of the two member which are to
be joined. Upset force typically refers to the axial force applied at the faying surface to
produce friction and upset displacement. Joint efficiency typically refers to the ratio of
the strength of a joint to the strength of the base metal (expressed in percent).
[0066] With reference to “flash”, for example, Figure 3A shows a coupon cut
from a welded liner chamber body 300, where the chamber liner body section 302 and
the chamber liner top plate and flange 306 are welded together in the area 304, with flash
308 exiting from chamber body 300 and flash 310 exiting from top plate and flange 306.
[0067] A preform chamber liner top plate with flange 220 was fabricated from
LP™ alloy plate measuring 4 inches thick by about 20 inches in diameter. One side of

the plate was machined to produce the 1.5 inch high welding extension 212, per our

specification based on calculations particularly applicable to the LP™ alloy physical
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schedul e, the tailstock is advanced, causing the two conponents to make
contact, generate frictional heating and ultinmately weld. As in nost

pl asti c deDasrtdron wel di ng processes, nelting does not @®@cwurso3/4senl i zed
heat generation results in material property reduction and subsequent
nmetal flow as upset force is applied. Heat effected material fromthe
initial mating surfaces, along with oxi des and contam nants are expelled in
the flash. For purposes of reference in the description which follows, the
following definitions apply. Flash or weld flash typically refers to the
material extruded fromthe weld interface due to the application of axial
upset f opepertfesaThe wiatihg vebding extelrddth2@4hen the extsadid raéfarmtoé the(c@abbyr and t he

i nsi de di t | . D f th | i in.th l.d . t
Lypi cal | wiegh scation N SISTRERERAGIH A4 BHEh enmtne (gt A o4

| ded. . . ' ' vt of
mat or |l T L e e B e . Totati on

vel oci t y pradtgpeicisgibel taeks. Faying surface typically refers to the

contacting surface of each of the two penper ich are to npbe joined. Upset
force typdeesily ret‘fﬂéPEtheéi‘{eﬂg‘)@%ipﬁICh?@P@éln&ﬁp%é‘&atSSﬁ ﬂ’eﬁ? qﬁ%)“@mface to

produce fricti R [ -1 Oj.. | G YidoRhgabdy refers
to the rél{l?% \6’%‘1‘ @cﬁedé@f%ﬁ{g@hg @#eatgﬁjgg?%lwt#gfa?%eeﬁs({ 11rng}rllgt %) t he base netal
(expr esse@fld tfe qfndal iner[Hd§ 6¢ctidh00 e fremenastating tdilstsk." Basedronsxiiabl e,

Figure 3A shows a coupon cut, froma wel ded |iner chapber_ body 300, where

t he chanisalculatiprsand sarlics exparisrentio Wedivg esimaod hiatfadonings fayigg spifagee ang

fl ange 306 ar.e I i ¥ iting
from char‘?‘Beéquf 88%\@ 4§gg2 %WP“%‘H{%BE’Q’?‘ {) ?%ﬁ?f%u%ﬁ"‘g%%t %%tg't%gn %m ange 306.
[0067] Avbagfinéring Aasipplatd wilk flahgp thel spindllewelduifyl fangelddR(shoalkl rhaderframt ed
from LPTMalloy plate neasurin i nches thick by about 20_inches in

di ?geter.aquésgi &9 abqus dSORE) 'tﬁ&!ﬂ)%@l"}ﬂﬁ]@wl@Eﬁnﬁﬁér@ﬁb%boﬂlhé’loﬁoBﬂitﬂch hi gh
bar 11 cor SPPGEARTheE X ohf v Ener B Reuld Gt ROmABERE Q60 K BbhOeS

PCT/ US03/305t80 1bsPAnaE up&s shokle berabaud 9. viatleks ng alsout ¢ (251 incheR 0 ATt firsthe

extruded preform of the chanber |iner, body section 200 was_machiped fl at
and par alprebtype chasehss dingxweldgigay aprragiedggut W_%g@he wall thickness of the welding

extensions was about 1.05 inches (26.7 mm), the weld area was about 45 in®, the RPM of

the rotating headstock was 483, and the Up-set Pressure was 3,730 psi. The welding
appeared to meet all requirements, except that, due to equipment holding support
difficulties, the upset was about 1.67 inches, and the chamber liner body section 200 was
flared where it joined the top plate with flange 220. In view of the results, the other four
prototype chamber liners were fabricated under the same operating conditions, but with
improved holding support for the liner body section 200. The upset in inches for the
following four prototype chamber liners varied from about 0.99 to about 1.08 inches.
[0069] The general metallography requirements for an acceptable welded part were
as follows: Examination of a section taken through the weld zone, using standard
metallographic practices, must be uniform across the smallest part joined, with
examination in accordance with ASTM-E2, ASTM-E112, or AWS-B1.1.

[0070] With reference to Figures 3A through 3D, as discussed above, Figure 3A
shows a coupon cut from a welded liner chamber body 300, where the chamber liner

body section 302 and the chamber liner top plate and flange 306 are welded together in
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inch. The first series of welding experinents included five part sets of
the e-Max TM prototype chanber liners. [0068] Al of the five prototype
chanber |woaB®734f@bri cated from LPTM al um num al | oy, wer @CmaiSd®asshy
chucking the top plate with flange 220 in the rotating headstock and the
cylindrical liner body section 200 in the non-rotating tailstock. Based on
initial calculations and earlier experinents, we had estinmated that for
joining a faying surface area of about 45 in2 of LPTMalumnumalloy to
forma "butt" joint between a chanber body liner and a top plate with
flange, the spindle velocity for welding should range from about 350 RPM
t 0 about hé%ReRFM, withdlaslp3es exiting fioholineat chanbpe bbdy A& badiflad, VOExPHIE t 0

about 4,000 psi; the total weld ener sho ra Cfr ahout 1,000 ft-Ibs
to about ffogl,'gg@h’t? W%@%Shé*@é- F%lrﬁégégggﬁ% _ H%W(g% QH@H&@to about
1.25 inch i ftﬁt&t‘aﬁlé Kr&ﬁﬁ‘ostﬁﬁ@tr@t%%e%gﬁ‘ﬁmrmﬁé SETP el Rehi¥R 2 Bdetired out

where th ness o he wel ding extensions was about 1.05 inches

(26. 7 mMabrichie thetiskr ahaabavdddabattion462i Mhe ntabei fiRkidmin Figure 3Bas about §0
headst ock was 483, and the Up-set Pressure was

> > 13 730 zzsi . _The. wel di ng
appear ed % dt readiky appareniin Fastrn 85, thathe gam sizg of g1gigs 842 BESPHAENt hol di ng

support  difficulti 0 d iy Ll cghanber
| i ner bo&?lf%%%t?ﬁ g%ll e%bs%@ aﬂﬁﬁ%ﬁl gm%%w&%nﬁeﬁif?op pl atg W th
fl ange 22fa 300. Thewaghifichitor @Fkire 3Qbebait36rX.f @learlyphe paiy giee mhtherber

liners were fabricated under the sane operati ng condi gb&)qﬁ’ﬁ but 'Itlh
i npr oved weld gmedas besaclecrepsnd suhatantiallyy Frpgug 3Rsbpvean SEH iipska thg n

inches for the faollow r Mel-T X I &dq {4 om about
0.99 to & P & ’W%@g.fgp%gg%ﬁ{@tﬁg&g%%&?a rrg%lgfl ogrh\a«g%y requi renents
for an agspphebhetoppldedndiiigeettton 306. MiielnmmifidaenmimBigu8Idis abosect i on
taken through the weld zone, using standard netall qgraphic prlz)a]%ti ces, nust

be uni f obAvacrBasserainsizeinthedep ple end Banged06 Machined fom VS PAGAL PACaccor dance
W th ASTI\%E%. @STM.FOI 12, or AWS-B1.1. [0070] Wth reference to Figures 3A
through 3PCKAE W%y above, Figure 3A shows a coupon cut from a wel ded
| i ner chanber body 300, where the chanber |iner body section 302 and the

chanber liner top plate and flange 306 are wel ded together in 19
[0071] xample Two

[0072] In another set of experiments two additional prototype LP™ alloy chamber

liners were prepared in much the same manner as described above. With respect to
Prototype No. 1, during the welding operation, the spindie RPM was about 500, the upset
was 1.160 inch, and the upset force was about 4,000 lbs. Figure 6 is a graph 600
showing process variables as a function of time during the welding operation. In
particular, axis 604 shows a nominal value, while axis 602 shows time in seconds.

Curve 610 shows the spindle RPM, where the number on the nominal value axis 604 is
equal to the spindle RPM x 10°2; i.e, the number on the nominal value axis 604 must be
multiplied by 10 ? to obtain the RPM. Curve 608 shows the upset pressure, where the
number on the nominal value axis 604 is equal to the upset pressure in psi x 10%; i.e., the
number on the nominal value axis 604 must be multiplied by 10 * to obtain the upset
pressure in psi. Curve 610 shows the upset displacement in inches.

[0073] With respect to Prototype No. 2, during the welding operation, the spindle
RPM was 470, the upset was 1.004 inch, and the upset force was about 4,000 lbs. Figure

7 is a graph 700 showing process variables as a function of time during the welding
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WO 03/ 073478 PCT/ US03/ 04801 the area 304, with flash 308 exiting from

| i ner chanber body 300 and flash 310 exiting fromtop plate and flash 306.
Fi gure 3Bvehiamgs4ashr SEM il lustrati on of the al umi num grai RCIUSOE0480E
(mcrostructure) for the extruded tube of LPTM all oy which was used to
fabricate the liner chanber body section 302. The magnification in Figure
3B is about 50 X It is readily apparent in Figure 3B that the grain size
of grains 322 is generally wuniform Figure 3C shows an SEM of the al um num
grain structure for the weld zone area 304. The nmagnification in Figure 3C
is about 50 X. Clearly the grain size in the weld zone has been decreased
subst ant iopkdation.Fincparticuld, stinie4 showdEMdanhinalstalue wdile oxist70@ shewsitinaum gr ai n

t t f t | at t 2TM all | i ch d
Fabr | cat Seqads: barBrA0 shfeerugl ot B dsate Hebhanmetemtid vt ri gur e
3D i's abquis 709y b%- Hﬁlt%{l%lg%yﬁ'ozﬁ) &Blaihife RPHI. Rt%gg Z]@glghéwmeﬁpr@é% machi ned

fromthe parent plta e is also uniform | Exanple Two [0072] In
anot her pedssmb xedifei.é.miwetmsmntbanom thi ontinallvapreatkist Gdanuse bivnailtipieddyalter
liners were prepared in nmuch the sane ner as described above.. Wth
respect t® ObtPFWBBPWéPWéS.mﬂ}n Rt PH@/%@B Salé‘f"ﬂﬂ}‘fd‘péﬁéﬁ%ﬂl‘?c&ﬁ{emt Rdndsindl e RPM
was abou , the ; j uRs@k tdPhise wyas about

4, 000 Ibts[(.) rgure th?vzgltglgﬁggﬁ&gég%és%%bﬁgﬂ%%gg}és vari abl es as a function
of tine dlanpeweidtarsbeinteargatdpesvah bfter. exposurptr an aetiectch asiuiofOBlestrows a

nom nal value, while axis 602 shows tinme in seconds. Curve, 610 0 t he
spi ndl e RbsMIcRhErng Was garinyed inresole Misrgrag strycipirdndhs aregpfithe v 7&@3@ to

the spin s el 3 ¥3lueraxisgq 604 nust
e mal ¢ 1 A ol preirafes HAEvaly SRRl RSkl bRt 30! BN,

pr essur-e linshelselehdted byn et ofovery fige pramhshtile rosulltud dswamicGOeystslliegtiom. t o t he
upset pressure in psi x 10-4; i.e the nunber on the nom nal val ue axis

604 nust B3l ti pAihesingss srovey Wes Bacion cachProigbpe. Ththesatrad Hrptop@e.  cur ve
610 sho e i tod 2 d [ ER7 Yid.8 808 inkR
%ﬁfu eld 1 I%SER
Pr ot ot y\gg\kklg.’ th%@l ufgngﬂrﬁgﬁﬁﬂdﬁg“%%@g%gn, the Fs p‘cT;rnsdgF MHV\/as 470,
t he upsetintépalslin@RAditeetibn ofithd tohplatensdtildngs pateniak btheitasé oDPbtblype Fi gur e
No. 2, the hardness was measured starting at the weld line and progressing at 1/8 inch
intervals in the direction of the extruded liner chamber body section. Table 1 below

shows the results of the micro hardness survey.

[0076] " Table 1

Location = weld line Prototype No.1 Prototype No. 2

+ 1/8 inch x number Hy (Knoop hardness) Hjy (Knoop hardness)
0 88.2 78.5
1 88.2 75.2
2 82.0 75.3
3 85.5 75.4
4 85.5 75.3
5 81.8 75.1
6 77.0 75.0
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7 is a graph 700 showi ng process variables as a function of tinme during the
wel ding 20 WO 03/ 073478 PCT/ US03/ 04801 operation. In particular, axis 704
shows a nwoimar34val ue, while axis 702 shows tinme in secomd3/USCHo4861 710

shows the spindle RPM x 10-3; i.e. the nunber on the nom nal value axis
704 must be nmultiplied by 103 to obtain the RPM Curve 708 shows the upset
pressure x 10-4; i.e., the nunber on the nom nal value axis 604 nust be

multiplied by 104 to obtain the upset pressure in psi. Curve 710 shows the
upset displacenent in inches. [0074] The weld |ines between the chanber
I i ner bod and the top plate with flange were barely discernable, even
after expld8ifle to &riszeadily eprarott th‘ctilthﬁ armunt Bf wnertiad eneriw pppied dotiofi ng was

| d t I h t.r t ft th
or ot ot rieeineatnt By sl B od ik 15 v R R Seaiaife Weldgie ac "The
weld i ngjnes }ﬁ%ﬂﬁ%c@ésﬁﬁ%‘ﬂ% cﬁgtaﬂ&r ﬁ/orﬁ 'tﬁéewélﬂ%lﬂﬁmcfela%sr &S tHelca®f ofdynami c

recrystallization har dness survey was nmade for each prototype.
In the catbetaﬁplﬁnemnmrwiﬂt apWarsﬁp tadeaabhut Ik axh fmaélerlmahlassetd appranth that at t he

weld |ine d progressi.n /8 rvals dlrectlon of the
oo ol at IR RERRERRAI Sh e cite of iE Brenl e ity bE Shistsp b o

har dness @ AEASHE %lﬁbﬁfttab?lgaﬁ{esttljﬂﬁ o%ﬁ{eg)afénﬁﬁla?e?fll REBE £o8d RE e 1/ 8 inch
intervals in the direction of the extruded |1 ner chanmber body section.

Tabl e 1 bEB awh oflawesl a\ﬂwﬁomthetweldﬁoinhém pereral, Teblel b elssvsthatthy wopld076] Tabl e
1 Locati = weld ]ine Pro pe ND. Prototype No. 2 + 1/8 inch x nunber
Hk (Knoo aﬁ%ﬁ“&?ﬁe%tf? ld(lil\*ﬁ lﬁéﬁﬂa 0 88.278.5 188.275.2 2820

75.3 3 8[5058]75 4 mfafftich t%ﬁav%luaﬁn@ﬁle%ﬁﬁysgmcmre of the welded structure and the

hardness of the LP™ alloy in the area of the weld joint, we also tested the elasticity of
the weld as a means of testing the strength of the weld. Figure 4 shows an example test
specimen prepared from a welded prototype liner which was welded in accordance with
the process conditions provided above with respect to Prototype No. 2., after the
specimen was subjected to a bend test in accordance with ASTM method E-290.
Specimen “dog ear”” 406 contains extruded chamber liner body material, while “dog ear”
402 contains top plate and flange material. The weld joint 404 showed no signs of .
cracking or void formation for bend angles as high as 90 degrees, when the bend radius =
1 inch and the test specimen thickness is about 0.3 inches.

[0079] To make the welded prototype liners plasma resistant, particularly to
halogen-containing plasmas, it is necessary to apply a protective coating which prevents
abrasion of the liner surface as well as provided other beneficial functions. The surface
of the liner to which the coating is to be applied is generally cleaned prior to application
of the coating. The cleaning method may be one known in the art. A particularly
effective cleaning may be 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 weight of nitric acid. The
article temperature during cleaning is typically in the range of about 100 °C, and the time
period the surface of the article is in contact with the cleaning solution typically ranges

from about 30 to about 120 seconds. If the cleaning time is too short, contaminants may
22



6 77.0 75.0 21 WD 03/073478 PCT/ US03/04801 [0077] It is readily apparent
that the amount of inertial energy applied during welding minimlly

af fects twe odardmess of the LPTM alloy in the area of thepPaghusop/eisnt, wth
t he hardness decreasing as the distance fromthe weld joint increases. In
the case of the top plate material, it appears to take about 3/4 inch for
the hardness to approach that of the parent material. In the case of the
extruded |liner chanber body material, the hardness in the weld joint
approaches that of the parent material within about the first 1/8 inch of
travel away fromthe weld joint. In general, Table 1 shows that the work ,
har deni nd® 1%%@%&’8&%%% a’rél éhs deaping tymp is podong) additionsd porosity may be

eval uati ihe & : t Wreqand t.he hardness of
The LTV o oy e ey SHELY B e IhBUP Ry Bt e BY bt and Bl act o1 1y

of the webdizeb{ibn ryansapiedradd mo rapidlysdurdRahdprotess ligetingé 8f thElgidie 4 shows

an exanpl te?;;[tE speci men prepared from a wel ded prototype |iner which was

wel ded i P20 Bleglsramenredess sHellowedby a deigniard watss ripse first stbangsbusinga t h

respect : speci nren was subjected to a bend
PO i MNActhfds KRl Pin O

test in accordance w 90. Specinmen "dog ear" 406 contains

ext ruded [@0fffber | Anexceblettycoatihg mihidh. is Bhinb&ibl&laeh 8 alumAfign SRS firfiSe t OP
pl ate and fl ngrEemHat,eri al . The weld joint 404 showed no signs “of, cracking
or void F%%“rfg?‘? saicalbpapplicd glussingm gxidgpratective Gloyr Bhis prothaivetiiim bend

radi us = i : : t Len.t hic ss is about 0.3 inches.
[00|7g] o' Hl?e%(ﬁp Hgdy\?\sérféc]%gt oglr%&fc%ﬁl 3@3@?%@?@%?%&%@ lrnég? 'ar‘ftcg’,r SXARRlEcul arly
to hal odigashitatenilniinty. S PasieSo. i5,'()39,388‘,ﬂ§£1§§ﬁﬁlgu§tQ3§‘I§§1Yd@scHF95 gfatsih\.!le

a

coating ich prevents abrasion of the liner surface as wel provi ded
ot her bef¥FRS glectosvsedinpairsiie a semicapductertprodessing elamtien. &he electrddz isoat i ng

ot B AGORS AR i LR ey s 0
cl eani ngfitmynhke elactrddedudade. BheGhfinietaciidmbi@e S stirfRE & @fd el MM num
article .with an acidic solution including about 60 %to 90 % techni cal
grade phBeHREE Figrag@,qd\yhen used in a plasma treatment process in the presence of fluorine-
containing gas. The electrode is described as formed from a high purity aluminum such
as JIS 1050, 1100, 3003, 5052, 5053, and 6061 or similar alloys such as Ag-Mg alloys
containing 2 to 6 % by weight magnesium.
[0081] We used an internally developed method of electrochemically applying an
aluminum oxide protective film. The prototype chamber liner was immersed as the
anode in an electrolyte bath comprised of a water-based solution including 10 % to 20 %
in a water-based solution comprising 10 % to 20 % by weight sulfuric acid and about
+ 0.5 % to 3.0 % by weight oxalic acid. The anodizing temperature is typically set within a
range from about 5 °C to about 25 °C, and often within a range from about 7 °C to about
21 °C. The article to be “anodized” serves as the anode, while an aluminum sheet of
standard 6061 serves as the cathode. Generally, 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 at the base of the -
aluminum oxide film may be controlled by the operating (anodization) voltage, which

typically ranges from about 15 V to about 30 V.
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having a specific gravity of about 1.7 and about 1% - 3 % by wei ght of
nitric acid. The article tenperature during cleaning is typically in the
range of wbmaw7e® C, and the tinme period the surface of PCaISas/o48eie is in
contact with the cleaning solution typically ranges from about 30 to about
120 seconds. If the cleaning tine is too short, contam nants may 22 WO

03/ 073478 PCT/US03/04801 remain on the article surface. |If the cleaning
time is too long, additional porosity may be created on the alloy surface
and the interface forned between the alloy surface and the anodized film

| ayer may degrade nore rapidly during the process lifetinme of the article.
Often, t[98e] eani nFigre6AsHustmtdsal drossedetinn of adest sanpandd Oftekan fromdle fir st

cl eaned i . f diff t th k iy h f e 080] A
excelnlee nlﬁjasni‘fc‘r; q%ﬁ@ %ﬁ&’rﬁ?@%l r fe p%rr%ﬂ?aﬁ Ssﬁ'ésgg‘%{wt}(ﬂ}hﬁﬁﬁ?{eg)ﬁ?éoym Orf ac]e ins
an el ectgQc ?fﬁpc‘fe%ﬂné agﬂ’ RhoBsh R YTt o8k €RarbeR liaes. | T dhatoBer HdlySliner

protective’ m na e applied using any one of a nunber of nethods known
in the agdxtrufed tbxpsmictre 502 was fidtianetelddd tp tapplate SvittPHanget50Rowith 39, 388,

[ d A t 13, 1991, d ib f ] &l ect r od di [
5 SenebURRCRGRE BibE S Sl BAATICHSE TS bERBLR 30T Bont bR rom b hi gn
purity LTI sty o Thi Bl daginBAMhidtna soR ALt waRlk Sd@dign f11m on

the el ectro ace. romc’acid anodi zed surface i's said to greatly
i nprove 6has abhduintey duiag theseidtionnl sveplimgspmcesse Htaske 10 prtbe essslvedronhe presence

of fluorine- containing gas. The el ectrode. is de i hed as fornmed froma

hi gh pur Welding exersion @Qtshoway oy the th@’&)a,te ﬂtbéfan%?)%%’; V‘g@‘glz‘,’velgﬁgf%?eé]ﬁ]@%%l or
simlar I -dvh.. . i Ni 9 Labt

gneat o FDu TSR Re O il ek RS gk PodglsoRe s

el ectroc mmhdd%vbythlépﬁieﬁbﬂguﬁiﬂe 563 uﬁi’fjlram’ueoﬁbd:}elirm %m \DO2f ;nodizeZtlhe
prot otype chanber |liner was imersed as_t S a€0 .n an Sgctro yte bath
'%o He 0

conpr i segowng>0ames forasd @Vebihg exROT Fefass P 36296 a!qda .
R e T
t ypi cal | yoset Fisutd§RilRistratenipe thickwasabbartodzeCcoatingthidde o2& egterammdundaeen
wthin a 52)%1 2? tehefcrhgrr;l]bg'bb%lglg/ li;elp(eg(guc?e%otlljf;[)e) structure 502, where the average thickness
of the anodized coating was about 1.6 mils (0.0016 inch) (0.041 mm). Figure 5C
illustrates the thickness of anodized coating 504a over the exterior surface 505 of weld
joint area 504, where the average thickness of the anodized coating increased slightly to
about 1.7 mils (0.043 mm). Figure 5D illustrates the thickness of anodized coating 506a
over the exterior surface 507 of top plate with flange 506, where the average thickness of
the anodized coating was about1.6 mils (0.041 mm). Not only was the anodized coating
consistently reliable across the weld joint and areas adjacent to the weld, but the coating
was unexpectedly thicker over the weld joint than over the exterior surface 507 of top
plate with flange 506. These coating thicknesses have not yet been optimized for the end
use application, but are merely indicative of the uniformity of anodized coating which
can be achieved when the method of the present invention is used to produce a complex-
shaped welded part with an anodized coating applied over at least a portion of the part
including a welded area.

[0083] 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
24



21 C. The article to be "anodi zed" serves as the anode, while an al um num
sheet of standard 6061 serves as the cathode. Generally, during the

el ect r ol yWo®30xi4d&at i on process the current density, in ArEI/USOBousar e Foot
(ASF) in the electrolytic bath, ranges from about 5 ASF to | ess than 36
ASF. Further, the "barrier layer" thickness at the base of the al um num
oxide filmmay be controlled by the operating (anodi zation) vol tage, which
typically ranges from about 15 V to about 30 V. 23 WO 03/073478

PCT/ US03/ 04801 [0082] Figure 5A illustrates a cross section of a test
coupon 500 taken fromthe sane friction welded process chanber |iner as
that di sclisshsturonexpand sficdy evnaslimentritqereespanl wish thersubjesbmplier AP anodi zat i on
of the pr.ocess chanber .l iner. The chanber body |iner (extruded tube)

st ruct ur V5N “F?f@??%h wel ded to top plate with flange 506, with the
weld line being in the area 504, and with flash 508 being the residue from
a welding extension (not shown) on chanber body liner structure 502, which
wel di ng extension was consuned during the frictional welding process.
Flash 510 is the residue froma welding extension (not shown) on the top
plate with flange 506, which wel ding extension was consunmed during the
frictional welding process. An anodi zed coating 502a was fornmed over the
exterior surface 503 of chanber body liner structure 502; anodized coating
504a was forned over the exterior surface 505 of weld joint area 504; and
anodi zed coating 506a was formed over the exterior surface 507 of top plate
with flange 506. Figure 5B illustrates the thickness of anodized coating
502a over exterior surface 503 of the chanber body l|iner (extruded tube)
structure 502, where the average thickness of the anodized coating was
about 1.6 mls (0.0016 inch) (0.041 mm. Figure 5C illustrates the

t hi ckness of anodi zed coati ng 504a over the exterior surface 505 of weld
joint area 504, where the average thickness of the anodi zed coating
increased slightly to about 1.7 mls (0.043 mv). Figure 5Dillustrates the
t hi ckness of anodi zed coating 506a over the exterior surface 507 of top
plate with flange 506, where the average thickness of the anodized coating
was about 1.6 mils (0.041 nm. Not only was the anodi zed coati ng
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consistently reliable across the weld joint and areas adjacent to the weld,
but the coating was unexpectedly thicker over the weld joint than over the
exterior woreBaca7607 of top plate with flange 506. These PcaatSOn@#801

t hi cknesses have not yet been optim zed for the end wuse application, but
are nerely indicative of the uniformty of anodized coating which can be
achi eved when the nethod of the present invention is used to produce a
conpl ex- shaped wel ded part with an anodi zed coating applied over at | east
a portion of the part including a welded area. [0083] The above descri bed
exenpl ary enbodi nents are not intended to Iimt the scope of the present

i nvention, as[@MHGLAIME in the art can, in view of the present 24 WO

03/ 073478 PCT/HﬁQﬁ;048Q%e ﬂ: cl osure, expand such enbodi nents to correspond
with the subjéc tter of “the invention claimed bel ow. 25 WO 03/ 073478
PCT/ US03/ 04801 [0084] CLAIMs [0085] W claim 1. A nmethod of producing a
conpl ex-shaped alum num article for use in sem conductor processing

appar atus, whdrei n wentihed ofpsodnsing epnplgeshapsd phwpinemiagticle farjuse i

conprising..selectin .nigh ] l.umd pum al .oy with controlle

part1 cul aeBicoGab etk Arhliths v SsIFR Poutrén Smblu Bl R B B pur i ¢ s
present iafticielic8mplikiay: seRRting Walh gidhit$ aluchimid RlIOpHvith XomtrMIEdPamicaldt®y Usi ng
frictional welding, wherein a variation in_ hardness between a weld |ine
and a welsgedngdistrhutionuad centrglied|cempositam ofivapurities pogsent in gaidetlow@nd n
accordance,w th .Gl ai.m 1. erein a test ci nen.having a. thickness in the
range of e SHrH Rsine Ao oo it ol et it Wierkin i Sl i

i ncl udes phitReRHBREEYEIH 1Rk Snd A vedd s agert nberREIVBRIh&PAKbuP8S Nt
materials, bend tested in accordance with ASTM nethod E-290, having a bend

radi us of about 1 inch and a bend angle as high as 90 degrees, exhibits no

si gns of crack) ng or, yol. g QL IBLhon Wius

Cajagm 1, wherein a test specimen having a
thickness in the range of about 0.3 inches, taken from said article in a manner which
includes two parent materials and a weld line between said parent materials, bend tested
in accordance with ASTM method E-290, having a bend radius of about 1 inch and a
bend angle as high as 90 degrees, exhibits no signs of cracking or void formation at said

weld line.

3. A method in accordance with Claim 1 or Claim 2, wherein said high
purity aluminum alloy exhibits controlled particulate size and distribution of impurities
such that at least 95 % of all particles have a particle size of less than 5 um, no more than
5 % of said particles have a particle size ranging between 20 um and 5 ym, and no more

than 0.2 % of said particles have a particle size ranging between 50 ym and 20 um.

4, A method in accordance with Claim 3, wherein no more than 0.1 % of

said particles have a calculated effective diameter ranging between 50 ym and 20 ym.

5. A method in accordance with Claim 4, wherein no more than 0.1 % of

said particles have a particle size ranging between 40 xm and 20 ym.
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weld line. 3. A nethod in accordance with daiml or daim2, wherein said
high purity alumnum alloy exhibits controlled particulate size and

di stri butworedof34isrpuriti es such that at | east 95 % of al IpCparsns/ed8es have a
particle size of less than 5 pm no nore than 5 % of said particles have a
particle size rangi ng between 20,umand 5 pm and no nore than 0.2 % of
said particles have a particle size ranging between 50 umand 20 um 4. A
met hod in accordance with Caim3, wherein no nore than 0.1 %of said
particles have a calculated effective dianeter rangi ng between 50 pm and 20
pm 5. A nethod in accordance with Claim4, wherein no nore than 0.1 % of
sai d particl es. have Aampiand ircheeosianes with§ilaig hetheesin nd mgerthend 2 efm 26 WO
03/ 073478 PCT/ US03/ 04801 _6. met had in accardance with C aiym 3, wherein
no nore $ahparfcles bavsra @&Wtﬁé&fm"sg‘@%@ Tangng @%}vg?%%& %‘Flfaélgtzi@\i‘éﬂ'di amet er
rangi ng between 40 pmand 20, um 7. A nethod in accordance with Claim1l1 or
Claim2, wherein said high purity alum numalloy includes the follow ng

i npurity conmppsiti om hythee ighdcotdancerwith&€dzinni onGlimg, whereimgradihigh. 1 % to
about 6.0 % with other inpurities selected from the. grou q,;).nsi sting of
silicon, pmmtwnalur@mp@eqlloyewwmﬁfOﬁPW&ﬁ lmaua%c%méﬂ{oatbgnw 1”8ss than 2.0

% 8. A nethod in C i I NRGEHE] drihk i

al um nun{“&g’i‘%i}“? ﬁ%‘%ﬁn&%&ﬁﬁg&}t\gﬁ %wtgﬁgbﬁn%%r It y{hg:%otﬁn%‘ggfipt i gﬁg%il&vt%i %%i? %
magnesi Ufhe gr@idéoisisting ot aliem irbn,loopperoclabminm,ltitnitn anidtAincstaiaiing ddser
inmpurities totaling less than about 0.2 %by weight. 9. A nmethod in
accordantangi@¥.-Claim 1 or Claim2, wherein said high purity alum num
alloy includes the following inpurity conmposition by weight % a rmagnesium
concentration ranging fromabout 3.5 %to about 4.0 % a silicon

concentrat i ongr angi Agndiigdrin @cdériancalath CRi0 3, $herain saiddrigle pwatynt r at i on
ranging fromO0% to about 0.03 % a copper concentrat 'Lfﬁino)'_angi ng from about
0. 02 % t eluatinwmn a(ljpmmo%de&the following impurity composition by weight %: magnesium

ranging from about 0.1 % to about 1.5 %, with said other impurities totaling less than

about 0.2 % by weight.

9. A method in accordance with Claim 1 or Claim 2, wherein said high
purity aluminum alloy includes the following impurity composition by weight %: 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 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 0.2 %.

10. A method in accordance with Claim 9, wherein said other total

impurities do not exceed about 0.1 %.

27



manganese concentration rangi ng from about 0.005 %to about 0.015 % a zinc
concentration ranging fromabout 0.08 %to about 0.16 % a chrom um
concent r aWwoma/07:asngi ng from about 0.02 % to about 0.07% ®Cd/B0s/H488NT UM
concentration ranging from 0%to about 0.01 % w th other single
inmpurities not exceeding about 0.03 % each and other total inpurities not
exceedi ng about 0.2 % 10. A nethod in accordance with Claim9, wherein
said other total inpurities do not exceed about 0.1 % 27 WO 03/073478
PCT/ US03/ 04801 11. A nmethod in accordance with Claim3, wherein said high
purity alum numalloy includes the following inpurity conposition by weight
% magnesi um lilangi ng fA owrtleddnac@rdanys wathablaim 3 6vierein saidthglopwrty

inmpurities selected.fro he. group . consi sting. of .sili.coR,. iron,. copper,
chr oni umaﬁlﬁl?l_?‘é??i é‘??é“d;? h’da fpﬂ?‘a}q%dai_ppgé'_sc %1t’£p(]:?y%eléi§2/f" Iﬁag?gflﬁ%l in
accor dan%gmggt Bord Bl (L, 1UBEH 610 SR VAHIGEE: Riffukiti¥s S doRd st @hd @¥up ncl udes
the followng inpurity conposition by weight % magnesium ranging from
about 0. tofsistimgaifailicof, iford/gopyiet, wheamniting tikesiumh apdizint iadalingless thay2.068s t han
about 0.2 % by weight. 13. A method in accordance with Caim 3, wherein
said high purity alumnumalloy includes the followng inpurity

conposi ti on by,wei ghi %44 iHR8QESiHEN Wi ANGRER T AvhQBinsaadi Apilhgm about 3.5
%to about 4. éz% a él éi)t}%:on1 concent ratli on ranging fnrsom 6gg£tot9a_bout 0. 03
% an i r aluntianmedioyandlodes tenillogieriompuity ¢campisdion by . vo8gn’e anagrspipay

concentration ranging fr about Q.02 %t o about 0.07 % a nganese
concent r AMMEHRS ﬁ‘é‘ﬁ‘%bﬁgt ¢} %an?%BHtt 18. pokits3id o&gﬁ@pl@?@ig&%mgggsggﬁ@

concentr at.i b 'g {rom about 0.08 % to about 0.16 % a chroni um
concentr%@’{)]g[nrb'zr aonﬁ brYg%Pr'om about 0.02 %to about 0.07% and a titanium

concentration ranging fromO0%to about 0.01 % wth other single

impurities not exceeding about 0.03 %e .an ther total inpurities not
exceedi ng abod8: 0.2 %msthod m 3rcpwigncy Wlﬂggﬁ%}}:‘ﬂg TSR fﬂgggéi%n%, wher ei n

sai d ot h%ﬁuntlﬁhﬁll alloy includes the following impurity composition by weight %: 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 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 0.2 %.

14. A method in accordance with Claim 13, wherein said other total

impurities do not exceed about 0.1 %.

15. A method of producing a plasma-resistant, complex-shaped aluminum
article for use in a semiconductor processing apparatus, comprising: selecting a high
purity aluminum alloy with controlled particulate size and distribution and controlled
composition of impurities present in said alloy; welding said high purity aluminum alloy

using frictional welding; and electrochemically anodizing a surface of said complex-
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inmpurities do not exceed about 0.1 % 15. A nethod of producing a

pl asma-resi stant, conpl ex-shaped al um num article for use in a

sem conduwD@B/OpIBEessSi Nng appar at us, conprising: sel ecti ngPaThisgho4spurity
alum numalloy with controlled particulate size and distribution and
controlled conposition of inpurities present in said alloy; welding said
high purity alum numalloy wusing frictional welding; and el ectrochem cally
anodi zing a surface of said conplex 28 WD 03/073478 PCT/ US03/ 04801 shaped
alum numarticle which includes a weld |ine, whereby a difference in

t hi ckness of an alum num oxi de coating fornmed at said weld line coqgared

with a t Hhepededdemirunnirtigiervitsloiiclidet o seldline sheely adiffersigerin daclgiesaobar ent

materi al unaffected. sai d. wel.ding.,is ss than about .10, % . A net hod
in accor 'ém}ﬂufrho’%aéf?ﬁ%fg fowgra&%dgvaellc‘dﬁ?ﬁ ?ﬁmaé%cfg\gﬁﬁ% ﬂ%‘g iegﬁégss is |less
t han aboufiurfin¥m dxide Lotk Forehedrat a‘éﬁﬂﬁdé&ﬂ%?a&‘érﬁ thafdrial thakfecteddsrsaidn sai d high
purity alumnumalloy exhibits controlled particulate size and

di st ri butwedingfis lespthenebag 18deh that at |east 95 %of all particles have a
particle size of less than 5 pm no nore than 5 % of said particles have a
particle size rangi ng between 20,umand 5 'Um and no nore than 0.2 % of
said particlesjflave aaR@hdCinScsdrdfndedRel OBiRabWRGeRbaldAiA#Nddinum 18. A
met hod in accordance with Caim217, wherein no nore than 0.1 % of said
parti cl eshivhuessas lesd thah st 786f ect i ve di aneter rangi ng between 50 pm and
20, um 19. A nethod in accordance with Claim 18, wherein no nore than 0.1
% of said particles have a particle size rangi ng between 40 ,um and 20 pm
20. A method iy accor fangrodintddcdiMddvith CHaNS: whaeinrgamﬁgﬁgm@- 2 % of
said particles have a calcul ated effective dianeter rangi ng between 40 pm
and 20, unalumiiim #@layetxhibts icontead ted ipdetivméateizdhad distmbaBon odispairities siic hi gh

purity alum num oy Jdncludes . the follow.ng i ity conpositjon_hy weight
D6 magneshia Fs A o el evee PR AERAIFRah St ot thap 5 %
L mpuri ti &5y il Rei s fave MphAR1Ki A Rnging between 20 um and 5 ym, and no more than

0.2 % of said particles have a particle size ranging between 50 yum and 20 ym.

18. A method in accordance with Claim 17, wherein no more than 0.1 %

of said particles have a calculated effective diameter ranging between 50 ym and 20 ym.

19. A method in accordance with Claim 18, wherein no more than 0.1 %

of said particles have a particle size ranging between 40 um and 20 ym.

20. A method in accordance with Claim 17, wherein no more than 0.2 %

of said particles have a calculated effective diameter ranging between 40 ym and 20 ym.

21. A method in accordance with Claim 15, wherein said high purity
aluminum alloy includes the following impurity composition by weight %: magnesium
ranging from about 0.1 % to about 6.0 %, with other impurities selected from the group

consisting of silicon, iron, copper, chromium, titanium and zinc totaling less than 2.0 %.
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consisting of silicon, iron, copper, chromum titaniumand zinc totaling
less than 2.0 % 29 WO 03/073478 PCT/US03/04801 22. A nethod in

accor dancwowim4@ ai m 21, wherein said high purity al um neeraiSidg48vncl udes
the followng inpurity composition by weight % magnesium ranging from
about 0.1 %to about 1.5 % wth said other inpurities totaling |ess than
about 0.2 % by weight. 23. A nethod in accordance with Claim15 or Claim
16, wherein said high purity alum numalloy includes the follow ng
impurity conposition by weight % a nmagnesium concentration ranging from
about 3.5 %to about 4.0 % a silicon  caoncentration ranging fromO %to
about 0.03 % 23n i r o msihpdaneeerigice maiyClagmZd owheroin seil g gwrity 03 % a

ranganesanps R b Rt B R hedhestim o,

zinc congfihg BbintibolEMY NG dboain.80ulitDsHd obtct tn@biiel tdalify Kes tBarchr omi um
concentration ranging fromabout 0.02 %to about 0.07% and a titanium

concent r abpa.2 ¥nby wgight-om 0% to about 0.01 % with other single
inmpurities not exceeding about 0.03 % each and other total inpurities not
exceedi ng about 0.2 % 24. A nmethod in accordance with C aim 23, wherein

said other total | NpAUhbthb® s ARoRRhcEWRR EaiaPDIbr Olain Y6, Whereif) saRtHighl i n
accordance with Claim17, wherein said high purity alum num alloy includes

the fol | ouritialivmn ejoycoelpdes the Srllawingwnpiity sempesitiesbyweighb¥giang from
bout 0.1 %t bout . % j t th i iti ted f th

Dot o0 b bR enth o BB A R SR et o e, & e
| ess t haRoRedhtrdfon AnBRIc TR 0% &L 8108 84 Wint iForldoRbsntrafion Wikl Rofi@g hi gh

purity alum numalloy includes the followi ng inpurity conposition by
wei ght  %to rlagyi €03 a ceppgi enncenteanioayanging fromgbont 402 b tojabsubh.0wl4.ld sai d

other i rrpnlljgnig%}le(:asg cgr?ée% ia’tri]o% rlaggsnslg tfr%%{]abo%? 8l(5b5 QA) %o e%))ogy OW% go,ta'zirﬁzo
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 0.2 %.

24. A method in accordance with Claim 23, wherein said other total

impurities do not exceed about 0.1 %.

25. A method in accordance with Claim 17, wherein said high purity
aluminum alloy includes the following impurity composition by weight %: magnesium
ranging from about 0.1 % to about 6.0 %, with other impurities selected from the group

consisting of silicon, iron, copper, chromium, titanium and zinc totaling less than 2.0 %.

26. A method in accordance with Claim 25, wherein said high purity
aluminum alloy includes the following impurity composition by weight %: magnesium
ranging from about 0.1 % to about 1.5 %, with said other impurities totaling less than

about 0.2 % by weight.
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WO 03/ 073478 PCT/ US03/ 04801 27. A nethod in accordance with Caim 17,
wherein said high purity alumnumalloy includes the followng inpurity
conposi t iwo iBp738e8 ght % a nagnesi um concentration rangi RgTfusosroabout 3.5
%to about 4.0 % a silicon concentration ranging fromO %to about 0.03
% an iron concentration ranging fromQ0%to about 0.03 % a copper
concentration ranging fromabout 0.02 %to about 0.07 % a manganese
concentration rangi ng fromabout 0.005 %to about 0.015 % a zinc
concentration ranging fromabout 0.08 %to about 0.16 % a chrom um
concentration ranging from about 0.02 %to about 0.07% and a_ titanium

concent rati on 37angi ng\ metheddmaecordasetvithd laim 47, wierein spid dighspuagy e

excoed g uBgue D 95 08 Rt EE Lo PRRA Y vBR e Bl 1

sai d ot hejont&itation Eeﬁigiﬁlg kb8 SR 3PY, 16besI.abe Wsilboh c¥hceaBatidh ARG i N
accordance with Claim wherein said high purity alum num alloy includes

9,
t he fol | digm@ %ipabout P.03Smpasiren emmcpytrationghnging famdle & thaut PAAJefg from
about 0.1 %to about ..6.0 % wth gth[e(\)r(#r ur'tite(l]s 7s(z)l gcted fromthe group
consi st i f§PBF* ©PFF pnfqng?{l,g YPBEY “etir O O&h?ut Faft ERAREST ne total i ng
| ess t hanegdehtftion Pangthd TS ABoutD.GUS0R 6 ab&ie 01151 Q@ Ahdtadfenttdifmei - sai d
high purity alumnumalloy includes the following inpurity conposition by

wei ght %rangigg &oimuahout .08 1%ty dhout0.dbdwta dhramiwm eonseeitation rengigg fomh sai d

ot her inpurifti tali ss th . about 0.2. % by .wej.ght 1.. A nethod in
accor dan .OW éﬁf gé & araﬂoﬁ}g&()%ﬁe. .zhgéﬁ}u&l ﬁ‘_?lﬁﬁn'ﬁ%’rolrltI?YgI% Jﬁﬂﬁqyﬁ?%fdfog{/ i ncl udes
the fol I aypng, Wthér%iWﬂﬂe@ﬁoMc%i@&bo% 083 VReABSIndBihep BtgIENT r at i on
rangi ng fromabout 3.5 %to about 4.0 % a silicon concentration rangi ng
from 0 %impusbiewnot@Exe&:ding abaut 0.3 %.concentrati on ranging from 0% to about

0.03 % a copper concentration ranging fromabout 0.02 %to about 0.07 %
a manganese 31 WO 03/073478 PCT/ US03/ 04801

28. A method in accordance with Claim 27, wherein said other total

impurities do not exceed about 0.1 %.

29. A method in accordance with Claim 19, wherein said high purity
aluminum alloy includes the following impurity composition by weight %: magnesium
ranging from about 0.1 % to about 6.0 %, with other impurities selected from the group

consisting of silicon, iron, copper, chromium, titanium and zinc totaling less than 2.0 %.

30. A method in accordance with Claim 29, wherein said high purity
aluminum alloy includes the following impurity composition by weight %: magnesium
ranging from about 0.1 % to about 1.5 %, with said other impurities totaling less than

about 0.2 % by weight.

31. A method in accordance with Claim 19, wherein said high purity
aluminum alloy includes the following impurity composition by weight %: 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
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concentration ranging fromabout 0.005 %to about 0.015 % a zinc
concentration ranging fromabout 0.08 %to about 0.16 % a chrom um
concent r awoaa/oramg)i ng from about 0.02 % to about 0.07% ®Cd/EB0s/H488NT UM
concentration ranging fromO0%to about 0.01 % with other single

inmpurities not exceeding about 0.03 % each and other total inpurities not
exceedi ng about 0.2 % 32. A nethod in accordance with C aim 31, wherein
said other total inpurities do not exceed about 0.1 % 33. A nethod in

accordance with C aim 15, wherein said electrochem cal anodization is
carried out by exposing said surface of said al um numalloy to an

el ect r ol yIoPeerisaiign rangine s @bt G054 toab OS YostFing eRnceatratigRer sed as an
anode in _ap.. Aaci o)t €1, VM 3 i m num

al | oy, an%ﬂ%gggﬂlngdg%&bgcxuﬁorgﬁm ?rsi 6a/ﬁ’gﬁa%hg(g’?l%gérge%%{ﬁﬁa§§fﬁgn§%ﬁé ectrolyte
is a wat etbohn®.62 %6 @ dbloudM0TWd siitagivhOcofehitatidn rivdiye HEmII% teabdutir i ¢ aci d
and about 0.5 %to 3.0 % by wejght oxali¢c acid, wherein said protective

filmis d@hteyityothersagieimnugties paffycerding $aubB o3 sack and offigstatal 25 C, and
wherei n af L rent bty of said DC current ranges fromb5 A/ft2
to 36 Nqﬁ}pggaggﬁ&,&%rgr%etdﬁ%aablgﬁ@%c/yéir dance with Caim16, wherein said

el ectrochem cal anodization is carried out by exposing said surface of
said alumnumalloy to an electrolytic oxidation process during which said

surface is i nmrsed ad mgthediadecordanns wifeClpim|3dcwhereipseid etheriogl cat hode
conprised _of .an 1 | oy 1 @nd wherein a DC current is applied,

wher ei n gg}pgnagsl(?]ég&ee%??é&%lyggtqls/gi wat er - based sol ution conprising 10 %to
20 % by weight sulfuric acid and about 0.5 %to 3.0 % by wei ght oxalic
acid, wherein said protective filmis created at a tenperature rangi ng
from about 5 G}*o abobdmmethsl ig acegrdangsayigh Qlaim 13pyherein seisk ¢legitochemisik y of
said DC curren{ioraré esedforu fpéon/sfntzs tdo H366€m‘”atd2' 32 WO 03/‘[073478

PCT/ USOS/%‘QQHE 55, Terhoa TP RSB Fan e i ¥ 3&“3%%97‘ MWRéPein said

el ect r och@#Bto@tic oxidation process during which said surface is immersed as an anode in an

acid electrolyte, with a cathode comprised of an aluminum alloy, and wherein a DC
current is applied, wherein said acid electrolyte is a water-based solution comprising 10
% to 20 % by weight sulfuric acid and about 0.5 % to 3.0 % by weight oxalic acid,
wherein said protective film is created at a temperature ranging from about 5 °C 'to about
25 °C, and wherein an applied current density of said DC current ranges from 5 A/ft* to
36 A/,

34, A method in accordance with Claim 16, wherein said electrochemical
anodization is carried out by exposing said surface of said aluminum alloy to an
electrolytic oxidation process during which said surface is immersed as an anode in an
acid electrolyte, with a cathode comprised of an aluminum alloy, and wherein a DC
current is applied, wherein said acid electrolyte is a water-based solution comprising 10
% to 20 % by weight sulfuric acid and about 0.5 % to 3.0 % by weight oxalic acid,
wherein said protective film is created at a temperature ranging from about 5 °C to about

25 °C, and wherein an applied current density of said DC current ranges from 5 A/ to
36 A/ft%.
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anodi zation is carried out by exposing said surface of said alum num all oy
to an electrolytic oxidation process during which said surface is i mersed
as an anowe mf7am acid el ectrolyte, with a cathode conpriP€FdSos/oesnt

al um num al l oy, and wherein a DC current is applied, wherein said acid
electrolyte is a water-based solution conprising 10 %to 20 % by wei ght

sul furic acid and about 0.5 %to 3.0 % by weight oxalic acid, wherein said
protective filmis created at a tenperature ranging fromabout 5 C to about
25 C, and wherein an applied current density of said DC current ranges from
5 Aft2 to 36 Aft2. 36. A nethod in accordance with Caim 19, wherein

sai d el ect rochdni cal Adnsendinapenidanceyth Clagmd s wheremagtkslprroshemicalr f ace
of said 3N | | t n lL.ect ral yid j i uri ng which
sai d sur O Reafledshy B7 e R HERl stiale LB AR BRE58 A1 19,

cat hode caemprolgRbxidation pedcess duktimealticly sai@ Bt favd & Birfersed¥s ancimodetitan s
applied, wherein said acid electrolyte is a water-based solution conprising
10 % t o 20l elsgiiplyie; Wk a sptheds qosnngised obarialupyim elloy, apd wheremn a6y wei ght
oxalic acid, . wherei i £ i ve fil.mi I er atur e
rangi ng fCPgﬁP%lﬁgﬁPﬁ%fJ rc‘)agna 3&3%&& %ﬂgc%,ﬂy{aer% i aé%@ﬁ%ﬁs%l@%&%o@%@@gﬁ@nt
density % 16209, Beweidht sulfuricadiiemdidbei &5 A6 td 20Aby 3Right bkadic a3a,

wherein said protective film is created at a temperature ranging from about 5 °C to about

N

25 °C, and wherein an applied current density of said DC current ranges from 5 A/ft? to
36 A/fY.

36. A method in accordance with Claim 19, wherein said electrochemical
anodization is carried out by exposing said surface of said aluminum alloy to an
electrolytic oxidation process during which said surface is immersed as an anode in an
acid electrolyte, with a cathode comprised of an aluminum alloy, and wherein a DC
current is applied, wherein said acid electrolyte is a water-based solution comprising 10
% to 20 % by weight sulfuric acid and about 0.5 % to 3.0 % by weight oxalic acid,
wherein said protective film is created at a temperature ranging from about 5 °C to about
25 °C, and wherein an applied current density of said DC current ranges from 5 A/f? to
36 A/,
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