WD 2007/ 037955 PCT/ US2006/ 035238 ACTI VELY HEATED ALUM NUM BAFFLE
COVPONENT HAVI NG | MPROVED PARTI CLE PERFORMANCE AND METHODS OF USE AND
MANUFACTUREy dhliRleds9 BACKGROUND As semi conduct or techpehoQy, . oss,ze
evol ves, decreasing transistor sizes call for an ever higher degree
of accuracy, repeatability and cleanliness in wafer processes and
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processes mc!ude components which are disposed within the plasma

chamber, and must function in that environment. The environment inside the

16  plasma chamber may include exposure to the plasma, exposure to etchant
gasses, and thermal cycling. Materials used for such components must be
adapted to withstand the environmental conditions in the chamber, and do
so for the processing of many wafers which may include multiple process
steps per wafer. To be cost effective, such components must often

20  withstand hundreds or thousands of wafer cycles while refaining their
functionality and cleanliness. There is generally exiremely low tolerance for
components which produce particles, even when those particles are few and
no larger than a few tens of nanometers. |t is also necessary for
components selected for use inside plasma processing chambers to mest

25  these requirements in the most cost-effective manner.

SUMMARY
An actively heated aluminum baffle component such as a thermal
control plate or baffle ring including an exposed outer aluminum oxide layer
30 which is formed by an electropolishing procedure.



Fig. 1 depicts a schematic of a showerhead el ectrode assenbly and
actively heated al um num baffle conmponents. Fig. 2 depicts a cross
section of vapgo@hssbdze rings shown in Fig. 1. 5 DETA LEpcmﬂPg}:,gj\l
Pl asma processi ng apparatuses for sem conductor substrates, such
silicon wafers, include plasm etch chanbers which are used in

sem conduct or devi ce manufacturing processes to etch such materials
as 10 sem conductors, netals and dielectrics. For exanple, a
dielectric etch chanmber m ght be used to etch naterials such as
silicon dioxide or sili COBRIEFtDESERIHJIONmeﬁHEE amtwmcasess
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15 assembly, this temperature cycling can result in increased particle

generation.

A showerhead électrode assembly having a heater to prevent the
showerhead electrode from falling below a minimum temperature is
described in commonly-owned U.S. Patent Publication No.

20 2005/0133160A1, the disclosure of which is hereby incorporated by
reference. The heater cooperates with a thermal control piate in heat
transfer with a temperature controlled tap plate which forms a top wall of a
plasma etch chamber.

Fig. 1 depicts one-half of a showerhead assembly 100 of a parallel

25 plate capacitively coupled plasma chamber which comprises a top electrode
103 and an optional backing member 102 secured to the top electrode 103,
a thermal control plate 101, and a top plate 111. The top plate 111 can form
a removable top wall of the plasma processing apparatus, such as a plasma
efch chamber. The fop electrode 103 preferably includes an inner electrode

30  member 105, and an optional outer electrode member 107. The inner

V electrode member 105 is preferably a cylindrical made-of single crystal
sificon. [f desired, the inner and outer electrodes 105, 107 can be made of a
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-2 WD 2007/ 037955 PCT/ US2006/ 035238 single piece of material such as
CVWD silicon carbide, single crystal silicon or other suitable

mat eri al . T@zdonaensel ect rode nenber 105 can have a di apvRK2058m4sh8"
than, equal to, or larger than a wafer to be processed, e.g., up to
200 mmif the 5 plate is made of single crystal silicon, which is

t he maxi num di aneter of currently available single crystal silicon
material. For processing |larger sem conductor substrates such as 300
nm waf ers, the outer electrode nenber 107 is adapted to expand the
di amet er of t hsingleppieteof matkeial OBch 43 CiDadilimoh cEhidecdiege tcoysidi ilicod 6r
i nches. The outgr el trodg nber 107 10 can be a continuous nenber
(e.g., a pol y-g el«rggﬁacbén?n@qeril on car bi de nenber, such as a ring), or

a segment ed menber Tke fner 8leiro€d afcRilfersiOBERAiBived diam@est dnfalRer fHang
configuration, such as se nts of single crystal silicon
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15 overlap each other to protect” an underlying bonding material from
exposure to pPaseRily aualablasinglerestdl siisomiairsial. 1 Ber piosessianlajger
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crystal silicon iis a preferred materjal for pla exposed surfaces
of the i nner oP¥tt POACTAL GO lef MERIES (.8r 2ot SERT IR SSRGS
107. Hi gh- puri drangedipl £risg ¥6hfRjurstidn, 69¢h 88 BédrhERs of SiigRIEmatal Siica).
substrates 25 durba% pl asnma processi n?q as it introduces only

a [ a
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particles. The showerhead el ectrode ass ) . ‘
processi ng!S | apylangrnhrabersio prolekt ars usdenvinghbending meddred Sromaexpagure

diameter of 30f pjasma. The inner electrode member 105 preferably includes multiple gas

passages 104 for injecting a process gas into a space in a plasma reaction
chamber below the top electrode 103. The outer electrode 107 preferably
forms a raised step at the periphery of the electrode 103. Further details of a
20 stepped electrode can be found in commoniy-owned U.S. Patent No.
6,824,627, the disclosure of which is hereby incorporated by reference.
Single crystal silicon is a preferred material for plasma exposed
surfaces of the inner electrode member 105 and the outer electrode member
107. High-purity, single crystal silicon minimizes contamination of substrates
25 during plasma processing as it introduces only a minimal amount of
undesirable elements into the reaction chamber, and aiso wears smoothly
during plasma processing, thereby minimizing particles.
The showerhead electrode assembly 100 can be sized for processing
large substrates, such as semiconductor wafers having a diameter of 300
30 mm. For 300 mm wafers, the top electrode 103 is at least 300 mm in
diameter. However, the showerhead electrode assembly can be sized to
process other wafer sizes or substrates having a non-circular configuration.
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30 mm For 300 mm wafers, the top electrode 103 is at |east 300 M in
di aneter. However, the showerhead el ectrode assenbly can be sized to

process ot%zy@,ﬁ%sﬁ zes or substrates having a non-ci pbe¥h@%00s/035238
configuration. -3 WD 2007/037955 PCT/ US2006/ 035238 The backi ng

menber 102 includes a backing plate 106 and optionally a backing ring
108. In such configurations, the inner electrode nenber 105 is
co-extensive with the backing plate 106, and the outer el ectrode
menber 107 is co-extensive with the surroundi ng backing ring 108.
However, the 5 backihg bmm@m&aanzmm a‘obadﬂlmb blate 1 0B end optionally

electrode menber,__such Ih |l e | ate can be, used . to
support the mﬁé’laCE'PEJPQOC% ?K% gl?corgb[%:rg (9 PR Se e inde MenBet 18e
nenmber or the gyieexiehsiod itlehabaciany F‘If'ate €H& CinkiaHe oG ofiiRkk $eorAber
single piece of paterial. The inner e ectrode menber 105 and the

outer el ect rodéo?rﬁﬁféﬁ"tﬁ?ﬁ?"ﬁW‘@thﬁp%ﬁ@r@ﬂﬂm%w%%ﬂ”@ 3080 Homevea g ng

menber 102 Hy Ba@éhﬁ@b&% 106 @éh éktené %@Doﬁ&tr%ﬂnﬁé@eﬁé&wé rﬁen#B%F‘Quélﬂthat
material. The backlng pl at e- I ncl udes gas passages 113 aligned
a

with the gas pasitibagiing ptatq ﬁaﬁ behﬁée-d 1 suppopidbe m@iecirosemﬁmber
provi de gas fEHWtHé’éébrﬁ%ﬁeH'oﬁmléH rﬂger%}%g@?r{n%éggtrgaé ﬁnd outer

passages 113 can have a r of "a
t he gas passagebctrode cam cmptlg@ a(smg!g/pllaaeef meﬂhrmireﬂ'be irofer abemtrode . 025

i nch. The back] Ki.n re preferab e
of & mater: al MR8 A ng M ekinde oo di i P ReBL A Bl RS
for proces®i nthesradkirendeociber 1921b§3tartmtnemgl ratehial, BLigis BB apredsssieng
Do e o0 BHas Sl daduB o 0L Tt o g A 4 lhog
thermal |y condyfht &W@gas pa @a@@éqmww;hﬁérseaé&?éde%en%r 4859 bRvitRKSEs

t he backi ng nenber I nclude, but are not limted to, graphite and

SiC. The top ell@¥intgdle plgsmenioprssita camelert Jhergashaskasrs hlHean 106
and backi ng rtyﬁ%aﬂ@ﬁa% émlﬁpéﬂéﬁbf@ﬁdd OQﬁ}dl &h %ﬁ%?ﬂa‘s&; ?%éé;t@sﬂgan

el astonmer 25 bonding materi at accomo at es t and
transfers Heat typiaadly Bpee adiarastes abakput Bd2fdaeh.t he top el ectrode 103

and the backing plafgs packing plate 106 and backing ring 108 are preferably made of 2
material that is chemically compatible with process gases used for
processing semiconductor substrates in the plasma processing chamber,
have a coefficient of thermal expansion closely matching that of the

20  electrode material, and/or are electrically and thermally conductive.
Preferred materials that can be used to make the backing member 102
include, but are not limited to, graphite and SiC.

The top electrode 103 can be attached to the backing plate 106 and
backing ring 108 with a thermally and electrically conductive elastomer

25  bonding material that accommodates thermal stresses, and transfers heat
and electrical energy between the top electrode 103 and the backing plate
106 and backing ring 108. The use of elastomers for bonding together
surfaces of an electrode assembly is described, for example, in commonly-
owned U.S. Pat. No. 6,073,577, which is incorporated herein by reference in

30 its entirety.

The backing plate 108 and the backing ring 108 are preferably
attached to the thermal conirol plate 101 with suitable fasteners, which can
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106 and backing ring 108. The use of elastomers for bonding together
surfaces of an el ectrode assenbly is described, for exanple, in _
comonl y- ayees7kbdss Pat. No. 6,073,577, which is incorpprgkRbsdei:8i n
by reference in 30 its entirety. The backlng pl ate 106 and the
backing ring 108 are preferably attached to the thernal control
plate 101 with suitable fasteners, which can -4 WO 2007/037955

PCT/ US2006/ 035235 be threaded bolts, screws, or the |ike. For

exanpl e, bolts (not shown) can be inserted in holes in the thernal
control plate bethraadedbolsysdraws, or thehikeaded erpraplensits dt ls?odnapdaemg
menber 102. The_ther on tr.o at e | 5§ i n heat, transfer

rel ati onship V\ﬁ? ﬁnsz?ﬁtnaé'f ﬁ%ﬁ&” M&’wa@&nﬁgﬁﬁ%ﬂﬁ [ge%nd SRR i) e,
Figures 1-2 anmrdamm’ﬂgstlheh@bécld AenkRd 10D, qheTtReinYal conreithiieS.
Publ i shed Appl t|o N? 5@83]}33160A1 t he di E’fl osure of which is
her eby |ncorpo E'S? E?%?fﬁh IoRRRIP I Y ampCtively GAIroed heaten 1 See,
includes a 4l emre@amret Ir-*ﬁghréw Zié}% d@cﬁsﬁfrﬁhé#&ov dgméafln%oﬁﬁﬁ%mﬁed

nmetallic material, al u an al um num al | oy such

al umi num al | oyowoefi U1% E’HbltSh@d r‘\piaécatmné\lq @P0pi04881 qqm,utbe §|S§|‘O§Hrﬁﬂlfy .
made of al uni nygcprig ﬂ@rebgbh%rqqr%‘téﬁ bRl 2Fné ﬁh@f@;}@twl Y961

pl asma confinement ass own ou . ower ead
el ectr ode assehflb“ltyies E()‘{Bxull‘e B@ntloatlﬂé aptiaspmf@"ahlylmmmaarmmmldynetalhc

i ncluding a vegt.l flne rln

is described i ﬁ{a('t:%r h%%él'&mgh?@ngﬁﬁwﬁ%@ CNOSUG "eﬁde‘%s
i ncor por at &l herrtherilkby Thefte;u plate111 is plnl‘b%rahﬂy ma&ieyuf aTdiralriuhemn%’lu t
cont rol plate referably includes at |east ter rable to
cooperate with ‘Pmé "f'@r‘?ﬂé\‘ ﬁ't’%}%s @@Jm’?WI P@‘]%F %’5%088 HIEN he
tenperature of aéémﬁmm@h@@f’idvﬂﬂ@um%@cﬂly @xmmlr@weme@ Sleelredd §§bembly
enbodi nent , &Ee he ter |s provi ded on the upper surface of the

t hermal cont roI I étsé' abia Plasned cerdhemant agﬁem@amucﬂ%@ @u"@%ﬂnded by
the first projgghimbie, ﬁla%ﬁfao&ﬁ]f ngﬁéh?ﬁngzgﬁn%?i% B84 fir E&hmonly—

proj ection and the second projection eater zone
bet ween t htd seewherd Prdj %@PFUNO anE34,7B1 fwhighiisdnperporased herein by reference

in its entirety.

The thermal control plate preferably includes at least one heater
operable o cooperate with the temperature-controlled top plate to control the
temperature of the top electrode. For example, in a preferred embodiment,

20  the heater is provided on the upper surface of the thermal control plate and
includes & first heater zone surrounded by the first projection, a second
heater zone between the first projection and the second projection, and a
third heater zone between the second projection and the flexure portion.
The number of heater zones can be varied; for example, in other

25 embodiments the heater can include a single heater zone, two heater zones,
or more than three heater zones. The heater can alternatively be provided
on a bottom surface of the thermal control plate.

The heater preferably comprises a laminate including a resistively
heated material disposed between opposed layers of a polymeric material

30 that can withstand the operating temperatures reached by the heater. An
exemplary polymeric material that can be used is a polyimide sold under the
trademark Kapton®, which is commercially available from E.I. du Pont de
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The nunber of heater zones can be varied; for exanple, in other 25
enbodinents the heater can include a single heater zone, two heater

zones, three heater zones. The heater can ively
or Bas7kNAL "%ﬁ%‘?@%ﬁr”ﬁ%ﬁ

be prOV|de n a bottom surface of the thermal control

heater preferably conprises a lamnate including a resistively

heated material di sposed between opposed | ayers of a polyneric
material 30 that can withstand the operating tenperatures reached by
the heater. An exenplary polyneric material that can be used is a

pol yi mi de sol dNensigirs bhg Cdﬁm@mt@rd@péignme halititanSHeCH raaistRbdelibr
available fromE.I. du Pont de -5 WO 2007/ 037955 PCTI US2006/ 035238

Nenours and CoRpWefdedin Bedbematcontreliniatadager haeaiingelemesish gt Gase
heater embeddgghyingy %&ﬁroti P%rté@ll a %Qﬁﬂg)éfeﬁ’le%? E)cﬁfed% a éhz%ﬂﬁ@ﬁ‘oﬂﬁ din the

el enment in a cast ermal control or a heating el enment ocat ed

in a channel fﬁ?ﬁﬁ@@l Wﬂttq{lélafﬂ)hé*ﬂﬁémercﬁﬁmﬂmem(ﬁttb@ hegieoinoiudes a
enbodi ment  pf P&‘?stﬁ@%te%f?%@fé X £ Pdling cf&ﬂtlsetd;:ﬁ%r%?fdrn&m%m?éoﬂhe

nmount ed on the upper an wer sur ace of her con
pl ate. Heati ngthefmaheortttot plaéd. Ideamrrg)d)f thé shermahooite! ptdte evp de achwved

conducti on and di T ater material can have any

sui tabl e patteﬁ(?]i qolqubtgqnoﬁdé%r '%E 8 " her nal | y uni form heating of the
fi rstI heat ﬁr Izone tl@@ﬁéﬁl{ehmmal zanaavandy Stlihﬂabﬂ@pﬁtderh&ﬁéﬁ:ﬁro%@ﬁ@for'zor
exanpl e, the m nat e heater e ul ar or non-requl ar
pattern of resl&TaL Hal rm]kbe gting %ﬁj@'ﬁ“&%aqﬁr%qﬂf fﬁ@”%'@@%@%‘?%amor
concent ri cipat tidrhedir Aipal M ekéﬁtprehﬁréﬂa}nn%@hémer@bﬁ%%vwatuﬁgmaﬁor
heater, in cooperation with operation of enper at ur e- con

top plate, a BeRTeGHArPAtiEHeF "&ﬁlﬁ“ée bedling lnesissigh@sre Be-Zagosergentine,
across the topget&tdehffienakerniiusl ﬂ%af?rpffh%tthgﬂhé? go]ﬁ pﬁg@vﬁimﬁ%%eater in

el ectrode assenbly. The heater Secti | ocat e e fIrst heater
zone, second heegraratioibwit) ope@tion of thertemperatueneonimtiedéorsplate,ed t o

the thermal H%& bitedhSerBre %%Ib%g{%ﬁ ahh Betp??\ﬁ@%@ﬁgﬁog? ‘El'gélé, totph%&ft qdg

application of and ‘pr essure esive

20 The topl&l edummgieperahomef Beashbwedsddelestrodecesdemiiy.al t er nati vel y

can be The heater sections located in the first heater zone, second heater
zone, and third heater zone can be secured to the thermal control plate by
any suitable technique, e.g., the application of heat and pressure, adhesive,
fasteners, or the like.

20 The top electrode can be electrically grounded, or alternatively can be
powered, preferably by a radio-frequency (RF) current source. In a preferred
embodiment, the top efectrode is grounded, and power at one or more
frequencies is applied to the bottom electrode to generate plasma in the
plasma processing chamber. For example, the bottom electrode can be

20 powered af frequencies of 2 MHz and 27 MMz by two independently
controlled radio frequency power sources. After a substrate has been
processed (e.g., a semiconductor substrate has been plasma etched), the
supply of power to the bottom electrode is shut off to terminate plasma
generation. The processed substrate is removed from the plasma

30  processing chamber, and another substrate is placed on the substrate
support for plasma processing. In a preferred embodiment, the heater is
activated to heat the thermal control plate and, in turn, the top electrode,
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powered, preferably by a radio-frequency (RF) current source. In a
preferred enbodinent, the top electrode is grounded, and power at

one or mr%oﬁdu%:%ﬁ' es is applied to the bottom el ect ppg@stoRsnis2ss
generate plasma in the plasm processing chanber. For exanple, the

bottom el ectrode can be 25 powered at frequencies of 2 MHz and 27 MHz
by two i ndependently controlled radio frequency power sources. After
a substrate has been processed (e.g., a sem conductor substrate has
been plasna etched), the supply of power to the bottomelectrode is
shut of f to tewhenabaeptaeeotiganeeeirodyis sﬁbﬁofﬁrﬂs%&%edlt Shd Y @estrdde

renoved fromt ma, 30 roce55| nber t her substrate
S aaed o { RIS s e Bravarisd T diekrogntoditv g dauted
preferred emboghingiin tehieraens. eFomcmagHiér@éw@lrﬁa%rimtthé &SI
control plate and, in turn, the top el ectrode, WO 2007/ 037955

PCT/ US2006/ 035E8HPeraiieh isggaiarakly m%@a@@ﬂ@éﬁp@%mt@w@ pensignft of f. As
a result, tde {Hfhpheed 5@6’?513 ﬁ@@&??@é"@rt‘f‘eﬁhéeﬂéﬁé §%3éuﬂﬁfr¥t%%89esfsfn%m

decreasi ng bel ow'a desired m ninumtenperature. or et
di el ectri c mat BiNsa@0dhat sidstrefesaire preassecd mon® gniteromly, therqbwetmercutrigy

mai nt ai ned at el

250C between shbese roReS Thethdil PRl e RV STkt By Jo SondBrdds
are processed aioa desirad lovailand rtatee’uoetbgheaﬂerbasetgon fhicogetasl tginpledsureThe
power supply PLS contr ol e to sy Iy power at a desired
| evel and rat eat%ﬁ} Cge%?g RINPRLALTE ogﬁ\e[rﬁg eé% DF tenperature and the
desired tehperat ur eAmdthéhexanaple eF an tachasy hé&e&@ﬂhﬁmnnﬁa@ﬁmrﬁarﬁﬁs@d\m
actively heated al um num cq o ent used in | asma, processi ng

charmber is an &P ROES$FIMe CRAH eraﬁraa@a@ﬁ@H g rigg agrangement 120

di stribute promOmﬁsﬁtel lj?oées%'g?a%@@s fhapkema &ié%t%ru %mefmm l'e
ring arrangenent 120 in Fig. I ncl udes six rings nmade roma um num

or an al um nunP&ifle §pg %@@le%nsml%imﬁ inghdessiciingsompde siog alyminum
Bbout 0.4 to- Soai g auh &7 ikn 2 fob a1 3ptin, dufor Sttty FHE
0.35% Cr, Hnd freptaboubf6 jo FBOUINIB% 2h abnul @B tTaboThe 28 kignabott. £to
L-shaped rings,l Q& si, about 0.15 to 0.4% Cu, about 0.04 to 0.35% Cr, and
_optionally Fe, Mn, Zn and/or Ti: The 6 concentric [.-shaped rings located
within the plenums above the backing member 102 and below the thermal
control plate 101. For example, a central plenum can include a single ring,
20  the adjacent plenum can include two rings separated by a % to 1 inch gap,
the next adjacent plenum can include two rings separated by a 2 to 1 inch
gap and an outer plenum can include a single ring. The rings are mounted
to the thermal control plate 101 with screws. For example, each ring can
include circumferentially spaced apart stand-offs or bosses with through
25 holes for receiving the screws, e.g., three bosses arranged 120° apart can
be used. A representative cross-section of a section of a single baffle ring is
shown in Fig. 2. Each ring can have a horizontal section of about 0.040 inch
thickness and a vertical flangé of about % inch in length. The ring includes
flat surfaces 121 and edges 122.
30 Conventional aluminum components used in a plasma processing
chamber have a surface finish created by a process known as Type |li
anodization, which results in the formation of an aluminum oxide layer
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wi thin the pl enuns above the backing nmenber 102 and bel ow t he t her nmal
control plate 101. For exanple, a central plenumcan include a single

ring, 20 tRgyaRhasest plenumcan include two rings sepapalgehbyiideis
/2 to 1 inch gap, t he next adjacent plenum can include two rings

separated by a''/2 to 1 inch gap and an outer plenum can include a
single ring. The rings are nounted to the thermal control plate 101
wth screws. For exanple, each ring can include circunferentially
spaced apart stand-offs or bosses with through 25 holes for receiving
the screws, e. gpprokinm&telylﬁssmmmommemdléw Aealtitarcalzatioe (aise dalled

Chown 11 Fi o SEdsgmtagn @?%@%ﬁi@@%ﬁ%ﬁp&ﬁl@%&wﬁrﬁrf Sufasn? 'S

0. 040 inch thsmﬁmﬁ%mcaﬂcb don&ntraGen ofém&azrofr?expgywaﬁdﬂ@ﬂsndn@rly oxanc
| ength. The ring includes flat surfaces and edges 122

Comaent i onal | ARk GrACBERREHIORIS AROHEE B B BV B Beba e nainadis:
have a Surf@ceaftérﬂbér‘étr?ré%taﬁgutb-ﬁ"@ tBr'Iq@@%ﬁdIfﬁ@%rl&)?ec@’@‘?nérht‘am gas the

anodi zation, which results in the fornmati on of [ um num oxi

layer -7 WO 2800@gfABsierioTyisces/estgs of épwt&amﬁ\&fqabmst 10-80
m croneters th y '

anodi zation) i gﬁﬁg?%r E g%%u!tﬁ'@qgir/]%oﬁggi{ggsg ﬁ ?‘%&@L %ﬁ%\/‘\?}lf@?}{x?ﬁﬁ udes
sul furic aci d etmprigenatent 1800 én(Ocf midrometethof- deIrE%dby‘rme axide near the

The bath |s man@drR Bt A BRIERAIR BhufeadBlivtrod B Bt
the workpitte withamiatodizegdais dxhibit okl @id edusel weticiolcphisenicgtidn &t

a vol tage of about 50 to 75V for about 10-8 nm nut es. The resultl ng
| ayer consrstsa('i?s‘fyr‘? V‘PPS??‘érPLﬁiﬁCWW%GE%F”tW? \@led SiBrR

A (0.1 m cronesgidediy FRIPES 1260T11BUAT 0NATHE, PEFC dritfighe / OXi de
I nterface and the remar ning thi ckness of porous oxi de Baffle rings

10 with an anodi zedPHERGEPrOSRESIRG OF 8 SATIGOREUSIRH SERkaikde fhuiheirrpeessing

t t
clovated t enpes mior B b ransleReRIE Bie BRI LR PR ERNoRAR RS rdhe
hi gher. Dutd ngth@rimeé@sarmjlg@m%t sefromdrant geperatachisy thatisnemelesteode
processi ng er 1B§%d tRe BL?e’P%ie%‘hfoﬁg rﬁe%tggrq&ﬁe/f\yglregtﬁmfrtms h%laf"t €

and baffle r|n rom
transfer the temperature of components such as the thermal transfer plate

aluminum baffle rings 120 may be actively heated to temperatures of 150°C,
160°C, 170°C, 180°C, 190°C, 200°C or higher. Thus, the actively heated

20 aluminum baffle component can be thermally cycled over temperature cycles
from ambient to 150°C and above. Relative values of thermal expansion
coefficients a of the bulk material and the surface oxide material of aluminum
components therefore will be stressed under normal processing conditions.
The thermal expansion coefficient a for aluminum is about 25 x 10°%/°C,

25  whereas for aluminum oxide, the value is about 8 x 10°%°C. This difference
causes the aluminum oxide layer to be placed under stress during thermal
cycling, and the phenomenon is exacerbated on non-flat surfaces. This is
because during expansion, sutface layers on areas of non-flat topography
must expand more than they would expand on a flat surface. Stresses are

30  therefore expected to be high at edges. During a temperature increase, for
example, tensile stresses introduced to the oxide at an edge exceed the
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15 the heater arrangenment or from heat generated by the inner
el ectrode nenber 105 and the outer el ectrode nenber 107. As a result

of this heaygdpansier, the tenperature of conponents syelasiudfSss
thermal transfer plate alumnumbaffle rings 120 nay be actively

heated to tenperatures of 150C, 160C, 170C, 180C, 190C, 200C or

hi gher. Thus, the actively heated 20 al um num baffl e conponent can be
thermally cycled over tenperature cycles fromanbient to 150C and
above. Rel ative values of thermal expansion coefficients a of the
bul k materi al atrésddsevtscr fvaakl lmxinttedneddeioitad oritie alnuafisiusorfacerpenent s

therefore wll %F stressed unFIer nor mal f?ﬁroc s&i ng conditions. The
thermal expansFBETEIEERHT HloEmE eXRaLI0R CORTFEN PONShout 25 x 10-6/C, 25

whereas for al um nuimhaxibden cbBervealing crackisfta SurfackQa@rGcclidi dh Type
di fference CaHF%@%ﬁhhe al unlynum oxi de |l ayer to be placed under stress

during thermal ?e_ﬁjg?c_’t%(ﬁ fieatepald RN 8ATeCompanepiraeital taermal
non-flat susfaepding Hurifig ndrmBRERUSIhE BlasR@ n[ﬁé%}ﬁiq)%apna?t u%?‘@a&lﬁﬁ(ogeﬁss

on areas of non-flat topography nmust expa ey wou
expand on a f| Btoskvisiblalongedges essunhecoptpangsisefAmesushperacidng isc be

hi gh at edges. g%jﬂg@%oﬁr%%%g% g/ﬁﬁiéggﬁghar%ﬁér s@ﬁz\z}@?{ %ae&iﬁé"ﬁ@:éu?s,

stresses introduced to t e exceéed
2007/ 037955 PChHeus2008) o8ap3®nt stustgsmaralhbe replacddd Thds can inpceasedhs o

t he oxide on a SHr e . | fferences in thermal _expansi.on
coefficient al S(ff'\éet%hpt&éﬁg%oceo@gzq%@h@eolj @Eedpl%ﬁ%f’" p%?%%ﬁ?’r AQ‘S&H&"&@E ﬁﬁ'&%b e
| ayer occut® oto Aaveea sliffdceafirdshing grovetiineebly adtralyatb b d aiuminub afafilee
conponents after_thernal SCcIing during nor nmal us_%f t he pl aspa
or obessi ng appSPPARENIT SRR Milarad pRFGsSUoEhaTDess Bhishampeetss rasligad
conponents. Angasidied dﬁfi&ﬁ‘ﬁdﬁ@ procdssirRessi bl e source of particul ates
within the chanber, so en cracking occurs, the cracked conponent

nust general ly be ’r'@digaE@Hheﬂbpge-@gﬁcrm@r@%@aﬂmes@@gwiaﬁaﬂ e TE: [
the quality of aétﬂ%fﬂéa?@@aﬁhﬂﬁ@%sbafqécdrﬁp&r{é%ﬁ%%eqﬂ?r{oﬁyeﬁ ahlhnin8m
have a surface fini'shing procedure tor actively ated al um num

baffl e cohponiEriasnia @irasssiboabambers dgdsr inyestigativashavkihelengenducted s

reduced partif] &s/ey MpdRInES oPSIRGERE e suitable, materials. As a result of

these investigations, it has been discovered that actively heated aluminum
baffle components which use alternative surface finishing techniques can be
used without the above-mentioned disadvantages. According to a preferred
20 embodiment, electropolishing is used to provide a layer of aluminum oxide to
the surface of the components. Electropolished aluminum coupons show
reduced cracking under conditions of thermal cycling over temperature
ranges of at least 125°C, 150°C, 175°C, 200°C or more.
Electropalishing is an electrochemical process in which the workpiece
25 isimmersed in a bath and is used as the anode (positive potential) in the
selectrochemical cell for electropolishing aluminum components. For
electropolishing aluminum components, the bath contains concentrated
phosphoric acid, and during the electropolishing process the bath is
maintained at a femperature of about 50°C to 70°C for a duration of about 1-
30 6 minutes in which a voltage of about 12-24V is applied. This treatment
generally results in an oxide layer of thickness less than about 0.5

micrometers. The layer consists of primarily nonporous, high density
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I'n I'ight of the above-described di sadvantages associated w th using
actively heated al um num baffl e conponents of Type IIl anodi zed

al um num 3o bda7pi@§Ma processi ng chanbers, further invesgiigahde8ss
have been conducted to devel op conponents of different, nore

suitable, materials. As a result of these investigations, it has
been di scovered that actively heated alum num baffle conponents

whi ch use alternative surface finishing techniques can be used

wi t hout the above-nentioned di sadvantages. According to a preferred
20 enbodi nent , alehdieum apile sﬂdi.mmg}ai layers guiodiecep ihynalestrapolisying and generally
al um num oxi de, t o nent S EI eg rogol i

f.th
al uni num coupoﬂ'ép%%‘a? F@éﬁ‘i‘f’c‘fgﬁ agqrgas;{ﬁylaon aps, dighyfenss tperg rmal

cycling ovler t emmaﬁle @mmmamg:e@deféf t?bkh%@genb?é@ Jeddan abb\%go 5%0%
or nore. E ectro n an el ectrochem rocess in |1 C e
wor kpi ece éLp ggey he eregiadipyapiaes ngf@E@jeggnlgH@s Hdlsaised.

(positive FB)t enti al } ig 18 Hehehdepitesd Er%@ﬁ@cﬁ?éi)( fBhted dhiminum baff
el ectropol i shing al um num conponent s ectropolishing al um num

conponent s, t heOBRPHETE dRCATAbAdelifviag senuase sphobe eithe ‘aewany

tenper at he | CaEBEROR YRR 1R Roh B AEhBlte pERLAHASEP 2

m nut es i n whi edmponasiitthge thef alabdoum bzﬁMtbnnpDrmppf:mrede a;l:‘new" Ea‘élat ment
enerally resu f . thickness, |l ess than,abqu

?n' cr onet )ér s. Tééerﬁ'i) ﬁ q&agﬁgggr}oi%gn Hg Fiq P?SWS&SS@% O diy g #’l@fﬁ?y

-9 WO 20071(1)37&55p:§?(é'ﬁt USéQ@&ieﬂf%&Sﬂporﬁrm Ma has Gxed @reibugy U@ed myﬁr S

produced by el ectrop in ener al unpeel abl e. However,
primarily non ?ﬁué FEW Q%W@F' i}% F’ yrginu %ﬂﬁ”éoéﬁmﬁﬁnt

oxi de of thi ckpg®h igenGisPal ¥luhfsism oRriR !amqérnﬁb@b%aie@fr@ﬁatsﬁr@ dethdre

created by other suitable techniques if desired

under st ood t ha®cBnade eHGep§ THBadlbanedizatonu mushr new” aﬁ%ﬁ‘fﬁﬁﬁ’éﬁﬂmponenm
under goi ng t hear%%rbfé%ﬁlﬁ tr%ﬁ%etﬂ;b??cfm‘)é alBinidieh 0x1'a§‘t4‘%]yé?r proditEed:

t he conponent i's an al um num ba | at e rrng or o conpon nt,
then the al@um efaﬁﬁrmrshl@gcJﬂﬁp@n@ﬁed’c@lnmmnacomeonerﬁafcfan@e "senoyerestiby

that has not beGihwiRfe ptdvidudh AP @ BBRbondHt fdm H3FEmE 3hihBer,

cleaning, stripping the oxide and electropolishing to provide an oxide layer
resistant to cracking and particle formation when subjected to thermal
cycling.

20 The following detailed example describes an electropolishing process
applied for recovery of a used aluminum baffle component removed from a
dual frequency parallel piate plasma etch chamber such as the 2300
Exelan™ dielectric etch system available from Lam Research Corporation.
It is intended to be illustrative rather than exclusionary:

25
Exampie 1:

According to a preferred embodiment, an aluminum baffle component

removed from a plasma etch chamber is initially cleaned to remove deposits.
Such deposits can include etch by-products such as carbon based polymers,

30  as well as other substances, such as AlF;. The cleaning preferably includes
first using a suitable alkaline cleaning solution, such as Novaclean 120LF
solution available from Henkel Surface Technologies located in Madison
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10 conponent, i.e., a baffle conponent that has been previously used
in a plasma chanber, and nay be a bare al um num conponent or a
conponent w@umlimsmgsl udes an al um num oxi de | ayer for megcB¥s2006/035238
electropollshlng or other technique such as Type |l anodi zati on.
Such "new' and "used" conponents are preferably treated to produce
an al um num oxi de | ayer produced by 15 el ectropolishing. Thus, "used"
al um num conponents can be "recovered” by renoving a previously used
baffl e conponent from a plasma chanber, cleaning, stripping the

oxi de and el ectigights, Mjetigan.: Shisrsolutide ina nomsﬂl@ateaiyeH<al|m@sﬁeanmgtsothOn

Kk d he
SHRSIL e PRSI ST OB BIRSEASH Pyl lE! b i
process appli bafﬂé compenemaspr@féralytjlsfenblalla@m ﬁhelmohaiohlfgr gmm@t@@ibout

f I asmne
uch s the 2360MBer ARAFHPYRBRe Y abertH Ok L ahR v EdpiowecRy Lam
Resear ch Cas porimgin@with thd aluﬁwmm’hmﬁ@d:dn%d%nt &vithl%ﬁartéi’ffovsbé&t%rabbmiﬁ
excl usi onary ccor % to a preferred enbodi nent, an
al um num baffl'@‘rﬁ'@ﬁfgﬁ@mo"ert %9‘&'80’1‘ Bk pl asma etch chanber is
initially cleaned tjg tiﬁ@@ﬁ%dﬁ'ﬁ’é}ﬁsﬂhb%!umlﬁHﬁTbé?ﬁ’é’[%é%ﬁpéﬁrbdt@%drﬂEeEt ch

by-products such as carbon based pol yners
subst ances, sulRfeabiisthenaienad using Agujialie elialing etahing ettiont, sueh as

uot 19,2 Su a0 Sebons oL BER DR i Ol aHS Do, NEUTEAAG A8
Madi son -1D woltztmm(aammineemmmmaf i@ BE&@RSinirigeprigharsly sbiiichi I@;&iﬁoxide.
containing sod Ta BB AR Shee Bt BirE ey Bt Ee e Rdutnr num
baf fl e conponeatiou 80 ;seetbmadsatml abdum'emﬁ&[@s iah attb@padtutcl cﬁmbEgE : ﬁirggg 5
fol | oned bi%”%q”“i?ﬁa* B A0 BB & SHgie0hEm AT HOME o
for about 3 toesheeths sommnlfram fhe diRRUE Bdtfe EGMBbh&N, fypRAIY Bbout 5
16 minutes to about 10 minutes. The rinsing water is preferably ultrapure water
having a resistivity of at ieast about 15 Mohm-cm at about ambient
temperature.
In the embodiment, the outer surface of the aluminum baffle
component is then de-oxidized and cleaned of metals using a suitable
20  deoxidizing solution, such as Nova 300A & B solution available from Henkel
Surface Technologies. The aluminum baffle component is preferably
immersed in the solution for a sufficient amount of time to remove the outer
aluminum oxide layer from the aluminum baffle, typically from about 5 to
about 10 minutes. The solution is preferably at about ambient temperature.
25  The aluminum baffle component is then rinsed, preferably with ultrapure
water, for a sufficient amount of time fo remove the solution, typically about 5
to about 10 minutes. The rinsed aluminum baffle component is dried using,
for example, clean dry air or filtered nitrogen.
After removing the aluminum oxide layer, the aluminum baffle
30  component preferably is refinished fo form a desired surface roughness for
use in the etch chamber, For example, the refinished surface roughness can
be less than about 0.4 micrometers. The aluminum baffle component can be
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In the enbodi nent, the alum num baffl e conponent outer surface
preferably is then etched using a suitable alkaline etching solution,

such as  Neya¥ghPh3B sol ution avail abl e from Henkel Supépg€nsnasass
Technol ogies. This 10 solution is an al kaline etching solution

containing primarily sodi um hydroxi de. The al um num baffl e conponent
Is preferably inmmersed in the solution for about 30 seconds to about
2 mnutes at a tenperature of about 110F to about 130F, followed by
rinsing wwth water for a sufficient anobunt of tine to renove the

sol ution from tdfiaishbdmsmgraryadifitablecabrpsive uch by pibeadive/ paparuhciddid an
m nutes to about 10 m nuje The rinsi%g wagt é I S prefer%‘g)lykl%jrli )
ul trapure wat ef UTHEYT 0KI0R FUBFINE, %9+ @ 1GPOA PREBSVEADGT- LoaNSHK T BRR'at
about ambi ent ahreEReRIpEF 6an hiRo! HealRIRARNLREBE Usé@ﬁeﬁé'ﬁ{ﬁﬁ? $rhH a@%dof
the al um num baffl e _conponent i s then de-oxidized eaned

metal s using aSWiAcedhigh ofghaabimiaus beaflaserrneenant. éfh@ra!taammavlaaf@@OA &
B sol ution @vaédrﬂaéﬁeﬁtrcamb'é%{%@éd d§t‘rﬁd Grid G Qgﬁ)iﬂgrﬁ% thgtj.@:férln‘rlfpd?”m

baffle conponent Is preferab |rmers Int
suf fi ci ent anoiistsusceifinisht J fneerﬁw@qeldetwnmem bafflesomponert ideinsad;er

fromthe al um f

m nutes. The sol L%rlggi&/ L!Sggpélg%ratﬂ' g?%%ﬁﬁaé%qréﬁgntﬁgﬁﬁgtétrgplé)ye 25
The al um num blabéé padohlgsdremthe sluttimm bafileedmpunehesatdae, \Mpﬁdally about
ultrapure wat [, utficien mount of. tine to re

sol uti on, typlg F{)/?'};{B@tﬁg giﬁetngs @8 'Ewnrhamﬁ%%mpwtﬁnag%“%lp%ﬁ?num
baffl e conﬁbneeﬂam;siedmléamdq&iaiﬂgr filidred nitoogepl e, clean dry air or
filtered nitrogen.

After re e al um num qgxi de | ayer,
al umi num baffle 30 84 H&?HD fgf%q gnipants rﬁaﬁlmngﬁ@dh%@lwnwéame
desired surf a%mmﬂgﬁﬁaé@ﬁomwﬁé réﬁhlél'f\fq %%rrfb%ﬁb&‘éferﬁery ﬂ?éﬁ!mgea

t he refini shed surface roughness can ess t han about
micromet ers. THAERIQAKAING Bearing selyHpbiuah agdipvesiean 1£9LFV\5h8

2007/ 037955 PCILEARABLRROHboriehf Isirsfrsh g}'§b£l&d%ﬁ¥hé UbLAB for about 5

abrasive, such as abrasive paper al um hum o
abrasi ve, & g.t{0 aboubdd-njnutesaib rdeinperaiiasrpeaf abQat KEF torabbuh&(} F. The

abrasi ve paperalﬁmﬁh P9t LonfidrBhPRlthys kiNsed %réi‘gﬁa%lfﬁﬁﬁ ﬁﬂ#é&lré Rter for

desired
about 3 to about 10 minutes, to remove residual alkaline cleaning solution

from the aluminum baffle component.
After the alkaline cleaning step, the aluminum baffle component is

20  cleaned with an acid cleaning solution to remove silicon and metal
contaminants. A preferred acid cleaning solution contains a mixture of about
0.25% phosphoric acid and about 0.05% hydrofluoric acid. The aluminum
baffle component is preferably immersed in an acid cleaning solution for
about 1 to about 3 minutes at about ambient temperature. The aluminum

25  baffle component is then rinsed, preferably with ultrapure water for about 3
to 10 minutes, to remove residual acid cleaning solution.

The aluminum baffle component is then electropolished in an
electropolishing tank containing concentrated phosphoric acid such as
Hydrite 1375 available from Hydrite Chemical Co. located in Brookfield, WiI.

30  During the electropolishing process, the bath is maintained at a temperature
of about 50 °C to 70 °C for a duration of 1-8 minutes in which a voltage of
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surface finish of the alum num baffle conponent. The al um num baffle
5 conponent can be rotated during resurfacing to enhance the
un|fornltyvﬂjﬂmﬁmﬁﬁgurface finish. The resurfaced alunlﬁ@ﬂbgﬁ&ﬁbgms
conponent is rinsed, preferably using ultrapure water, for a
sufficient anount of time to remove |oose particles fromthe

al um num baffl e conponent surface, typically about 5 to 10 m nutes.
The rinsed al um num baffle conponent is dried using, for 10 exanple,
clean dry air or filtered nitrogen. In the enbodi nent, contam nants
remai ni ng on t aeoukli@@4\is dpafied.e The eiyooinemtbadile €eropoferdis thes preferably

refinishing are renbyved, ef. f.Lrst [ ' al kal i ne
cl eani ng sol ut?%ﬁy ?@ﬁ%ﬁ”h@éﬁﬁ@é@%ﬁ?{ férﬁl%%gfﬁ%bg%ﬁhﬁﬂﬁ%if fle
conmponent is pref ercis glusakedalie ¢cdnepanehlsithen hovedhoatcléan 15 to
o i o SRR ARREL R 9 B8 1080 B 55 b 0 e
al um num baf f | I

wat er for @bOHtul’@aétﬂe&mgi Tls EE]’@H@\@&J bi« Qltﬂa@ﬁﬁ%@lé&?ﬁigihalltr@d@'waﬁ@r
cleaning solution fromthe alum numbaffle conppnent. After the

al kal i ne cl eaniorgb8uicty | StHBYigs @RRANSH &F ﬁ@@ A oﬁfe‘fﬂkﬂzs Thecalemiiied
with an acid Cﬂ)ﬁﬁ@'cﬂﬁp%ﬁbh‘ﬁb%ﬁ @rléc?'ﬁpéféra‘?bw b nRRdeARk altrapure air,

contam nants. A pre erred acid cleani ng sol ut i on contains a m xture
of about 0. 25%9Rophoentds derdlaser latﬁﬁmvem A58 nEdios B0 nunuiesdei d.

The al um num Q%J\erewgt‘égpﬂﬂgpﬁoc%hﬁgaﬁg F@%lr%nfl 2 g%&adbouifé]stﬂﬁ}v%m the

cl eani ng sol ution abou m nu anbren
t enperat ur®® Ttieamlooni.num 25 baffle corrponent is then rinsed,

preferably with ult ure water for_a tes, .to r e
el dual acid o1 oanHoBtesptfhtind Al dusalifed R btaRndhpre ETe
t hen el ectr gpoémsbemems aHoxa\elJen;itrvﬁmbé reddilp@pparent wmoafa @k{ﬂgd ]!” the art
concentrate oric  aci suc S . rite 137 ai e from
Hydrite Chem c%lafgﬁ é‘ael";f? g\/g@&‘f‘% ipn ipppediic &f rfgﬁ?rht@a” as

el ectropol i shi ggsdpbegedsve Wlﬂob?&ébdrtﬁld%rﬁttﬁ’é Qﬁiﬁt@ﬁth@ ihemashattyge  of
about 50 Cto 70 C for a duratio m nutes in which a voltage

of -12 y\d@oom%m%mb@nm_@)@w@&zggndéb@ub not bgpenpigieggshiestigl Ve
The al um num b\ &ySPMPROEEANd &F thB & eRfiG] & WY by the appended claims,

rather than the preceding description, and all variations and equivalents
which fall within the range of the claims are intended to be embraced therein.
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spray rinsed in deionized water for about 3 to about 10 mi nutes. The
al um num baffl e conponent is then noved to a clean environnent, such
as a class 10,000 or 1000 clean room and spray rinsed 5 in
ultrapure water. This is followed by ultrasonic cleaning in ultrapure
wat er for about 2-15 minutes at a power of 10-20 Win2 at 40kHz. The
al um num baffle conponent is then dried, preferably using nitrogen
or uItrapurw,_@ﬂS Cﬂ'ﬂm@gqgonent is then placed in an oven at 120 C
for 30 minutes to renbve water. After cooling, the conponent is
packaged while still within the 10 cleanroom The present invention
has been descri hed e f ver,
it wll be readqu y ;%E}}E%ﬁ{nﬁﬁoﬂeﬁ‘ﬁ%ggmgiﬁnfwg%ﬂ cafu gkq%ﬂft 'ﬁéa{tg{mﬁ
possi bl e tdn%fﬁ’tﬁddy atpisManwrepgsising chambgrethefalumifiem rivsfﬂetchmpondn'&maag an
descri bed LBPYLrdERAT dddediald 0 i m;i ) i
The 15 prefe ent‘g %lurrent IS d%IH t%':sr’t &Ug%{é\%eﬁ%néutérhgl Fﬁ not %18%@’%
consi dered fP?é%Q@ Pan glectroppliahipg W‘Bdume-’\limejp&a)tﬂutem@unnmwemmdmlay@ is
gi ven by the,apaendedsglh cription,
and all vari atlﬁﬁg ang e%?@gl%%n?@% Hﬁ%% rﬁm%ﬁﬁggbﬁgggeﬁgnge of
the clains are intended to be enbraced thereln -13 WHAT IS CLAI MED
S 1. An al um pum DERE g pORRRRE e, Ghefdh 1R o bl Ny B3kE dayehen
m e

installed in a plas rocessing c um nu

conponent H%ﬁ?ﬁf@aﬁ’ﬂ””btg%@% ohabet Oélm*ﬁiOHEm OXI de | ayer, wherein the
outer alum num oxide layer is formed by an el ectropolishing
procedure, wherein the outer aIu umoxide layer is a primarily
non- por ous al umicnum &8¢ FRTHANE N acll’\ﬁ'fﬁ AuMBRIT the ESARRSIFER FOmPTIset e
conponent dofafffldrdigm 1, wherein the outer alum num oxide |ayer has a
maxi mum t hi ckness of about 0.5 mcrons. 3. The conponent of C aim 1,
wherein the conponent conprises a baffle ring. 4. The conponent of

Caim1, wherei®. theThompeipenéntconPlaimes whertihethaatorssitehbkombides. a 5.

The conponeg Hctarm%ft cc(%trol pla&a wherein the conponent is made from an

5. The component of Claim 1, wherein the component is made from an
aluminum alloy.

6. The component of Claim 1, wherein the component is made from Al
6061-T6.

7. The component of Claim 1, wherein the component is either new or
used.

8. A method of installing the component of Claim 1 in a plasma etch

chamber, wherein a used baffle component is removed from a showerhead
electrode assembly, the component is cleaned and electropolished to form the
electropolished layer and the electropolished component is installed in the

showerhead electrode assembly or the used baffle component is replaced with a
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al um num al l oy. 6. The conponent of Caim1, wherein the conponent is
made fromA 6061-T6. 7. The conponent of Claim1, wherein the
conponent is either new or wused. 8 A nethod of installing the
conponent of Claiml in a plasma etch chanber, wherein a used baffle
conmponent is renoved froma showerhead electrode assenbly, the
conponent is cleaned and el ectropolished to formthe electropolished

| ayer and th&y eb&gd r epaddrehe chavmgp aneRiter Salumiiual | @6kd Naydre formed by
shower head e]l %ctro%e assenbly or the used baffle conmponent is

repl aced wi PREPPOISYGhew baffl e conponent having an outer al uni num
oxi de layer formed by electropolishing. 9. A nethod of manufacturing

an alum num baffle c onent .which can be actively heated n
fhstalled in a o asd Broeact PRECRREARLe SR Batle SSRbfmn Bty con
form ng an iexpobet), heatedravhiehyinstaltedpor ® wasmaupetesingntiambed X thdembitye r
on the alumnhumc onent such.that defects and particles er at ed
as a resul tco(;?pnsmg]?%p%ﬁ Sfpots?l%rpﬁ'ﬁqa”@tqpa?%oélse YL %@Eeg?véf on
al um num coipaElenibhuanbrEehent suah thatniefectx ateparéyles gdnsrated 43 aseslt of
processi ng oppared to.defects, and particles ner at ed
D an den Agenf dig et PR ehRrd et Hnire PR et ARt B
anodi zed | agleminuhmepxddn lay&Odurirtyepleenha ebeeésig aieme8ucashesmapared e defatter
al um num oxj i thic f .about 0.5 migrons.
e ot AR RUEF oBfatea, BT XhTHONANSHRERE Rimfidfortine™ BHER: o
formed by elgetltepoditshayay.ther@on. The net hod of daim9, wherein the
outer alum num oxide |l ayer has a naxi mumthickness of 0.1 m crons

adj acent the al um num conponent. 13. The nethod of Caim9, wherein
t he outer al um ni®m oxXhelenatzadeef Glaim 9, ovheradn the taisddninbmrmxidgriayer has a

conponent . 14vimlReniEBALQ Y b otod) MichnsWher ei n the al um num conponent
conprises a baffle ring.

11.  The method of Claim 9, wherein the outer aluminum oxide layer is
formed by electropolishing.

12.  The method of Claim 9, wherein the outer aluminum oxide layer has a

maximum thickness of 0.1 microns adjacent the aluminum component.

13.  The method of Claim 9, wherein the outer aluminum oxide layer is
formed on a used aluminum component.

14, The method of Claim 9, wherein the aluminum component comprises
a haffle ring.

15.  The method of Claim 9, wherein the aluminum component comprises
a thermal control plate,

16, The method of Claim 8, wherein the aluminum comprises an
aluminum alioy.
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15. The method of Caim9, wherein the al um num conponent conprises
a thermal control plate. 16. The nmethod of daim9, wherein the

al um num conprises an alumnumalloy. -15 17. The nethod of Caim9,
wherein the al um num conprises Al 6061- T6. 18. The nmethod of Caim
9, wherein the al um num conponent is either new or used. 19. The
met hod of Claim9 wherein the al um num conponent is nachined into a

desired configurgti orheGheRBEds lin® ShkFAP e aﬁmm&%cfngarré}a& e godi de

| ayer. 20. A _plasma processing apparatus, conprising: asnma
processi ng ¢Ranber; and the al um num conponent of Claim1. 21. The
pl asma processi ng apparatus of C aim 20, wherein the plasm

processi ng apparagtus _conprises_pl as et ch chanber, having a top .

shower head el ec odeﬁ’ﬁﬁge@o & e =e%'?e?’%‘8et?e @H@'EWBV@F%QQ%{“ S either
el ectrode ceaepbtasalg part of a showerhead el ectrode assenbly having
an actively heated thermal control plate. 22. The plasnma processing
apparatus of Claim2l, wherein the alum num conponent conprises the
thermal control 14 at &he2detiidie opl Glsima pmoeassithg @pphuat UBmEbnddt aikm

21, wherein_the L um_num.c opent. conpri ses affle ri ocaj ed
i a" b enun5AE RED T Hotey e RANS Baish leanr.oad arsropisbeh it Pode.
24. A et hodxioé lagérasma processi ng, the nmethod conprising processing a
sem conductor substrate in the plasma processing apparatus of claim

20. -16
20. A plasma processing apparatus, comprising:

a plasma processing chamber; and

the aluminum component of Claim 1.

21. The plasma processing apparatus of Claim 20, wherein the plasma
processing apparatus comprises plasma etch chamber having a top showerhead
electrode and a bottom electrode, the showerhead electrode comprising part of a
showerhead electrode assembly having an actively heated thermal control plate.

22. The plasma processing apparatus of Claim 21, wherein the
aluminum component comprises the thermal control plate.

23.  The plasma processing apparatus of Claim 21, wherein the
aluminum component comprises a baffle ring located in a plenum between the

thermal control plate and the top electrode.

24. A method of plasma processing, the method comprising processing a
semiconductor substrate in the plasma processing apparatus of claim 20.
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