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WO 2010/002631PCT/US2009/048244 PROCESSES FOR
RECONIITIEONING MULTI-COMPONENT ELECTRODES ACEUS2009/048244
present disclosure relates generally to processes for electrode

reconditioning and, more particularly, to processes for reconditioning
multi-component electrodes that have bleen used as excitation electrodes

in plasma processing systems. Although the processes of the present
disclosure are nok Ri)é@é&ﬁ@%ﬁ&%ﬁ@@ﬂ%&@&%&f have been
used prior to recdvtlitiodihdSPPARONE DA cEd 6 CIIRGEEMISNs, for the

purposes of illustration, the process steps are illustrated herein with

referenepiasilicdnibasedeisaindeaisanblies whefe tResidicoeconditioning and,
electrode.is.bonded to a backing plate. Those practicing the present
i s e e e
usédvor aizlatatitity diedhredesrite ptasfrinpeo @ shng itostaiomminithdmbked gifiomnses of the
prgsjgrﬁtg)lgﬁg Sur a'r:é%ol' l'iyﬁgcﬂgst&nc%lﬁgyt%%?&? Eﬂ? lé(lélchSQéE' REVIEEN used prior
inner showerhead electrode 20 and an outer ring-shaped electrode 30. ‘
to Fagonditistinges thartisnlar wairedenporicnra®esedoiode 2OTPiss|afiGhustration, the
prgélgssg’siu,ﬁE‘E{%t%?ug&ec\tgﬂtl%rm W 6PRAORALEIEEHNB RA0dR 8QIBHORssemblies where

\Ithough the respective configurations of the inner and outer electrodes )
a stican ArstEissiahtri ditre reink e Hitte 90sOP A HiRgs RISt RiitqBistirention will

fiRNIAY: WAk i recondiiQningRalt ipesieialectpgenyoeensdingly. it the context of
follows that the processes of the present disclosure will also enjoy utility in

Inpgr BRRIAT G SRRk st dlisaRsdedr998huding those that are 20

structygallyigimitaeioathe donedandautey etectiapasananthose thateriead electrode
structurally distinct from the inner ar;z% outer electrodes, In accord

nce
20t SR HoHRESHAR N S5HESh isc#§§u JRysHoes Sgpmner mul-Component
eléegoaitoningisomidti-componeiihelestrodiecomprisindtiacsiiponceleelrodede 30 in
. bonded n electrically conductive backin te is provjded. The
e ABALALS (ERBuISg DR T3 T RO R e 20,30 ar
subleatridsy kiyfsoekingdheamsitecofmboneatcaledivddenin angopstatyaify reconditioning
bo%c yh%ls_ fé?%l?%rgdseg.lu%%@o%q{' r'?ﬁ@@o%%ﬁﬂ% M&g&nﬁ%@ﬁg&ent disclosure
an \R/ater and rinsing the mu -gomponenteectro e with de-ionized
willatdso (§i)joplistiity oneeomdidianingrfabes biftteohalecEoffsoirpindrgihnse that are

stﬁw&wﬁ% E%Hl&‘f%%@"%ﬂéx‘%ﬁ@@(& gﬁ@f&@g &W{) 'iﬁgée\@.lrﬁg are structurally distinct

contaminants from silicon surfaces of the multi-component electrode by 3
frevaghiadnmes plishisd HREkio8sMponent electrode with a mixed acid solution

compyisingehydreflugrimacich nitisAGRkACRICASIhranavaleliefdedya process for
rinsing the treated multi-component electrode with de-ionized water

reARRARATANE rALBUHEARASNBRO LS8 FARBHEPE DSLIERE CoriinipIdiied to an

el WE 201 UORRE3IE Cadilid 2 300010 482Ade@- The PRRI owingisstailetmoving metal
. description of specific embodiments of thef%rgsen%\cliiscl sure can bet lgﬁ:%ttmde o a
o0 dEPERo Y WIHEH FETHR B rLFRERRSHT BXnSRS SIS MG PGS Wi v

suikgagtinitiuegcishis dieat@SRitvlikibre terapceiny mefalr: asvddinhyhitogen peroxide, and
wlzf}lgr' A urs1'1[1rsa1¥1e55t}?en nelll t(itrc%gne Saant & Igﬁr%%lg] ri't_lrlgl_)%—?on 1FLA eor\;/vﬁ{ghﬁc%gshing one or
e c%de anog an outer ring-snapea elec rode; Ig, 2 lllustrates't nner
melectrofieaf Fighd imuisotatigrnent electrode following removal of metal ions there from;
and (iii) removing contaminants from silicon surfaces of the multi-component electrode by
treating the polished multi-component electrode with a mixed acid solution comprising
hydrofluoric acid, nitric acid, acetic acid, and water and by rinsing the treated multi-

component electrode with de-ionized water. Additional embodiments of broader and

narrower scope are contemplated.



10

15

20

25

30

Fig. 3 illustrates the outer electrode of Fig. 1 in isolation; Fig. 4 illustrates a

PR ess Aprgaconditioning a multi-component electrode; and  pot/dd8o/048244
4A and 4B illustrate the two primary component parts of a backside

mounted 10electrode carrier according to one embodiment of the present
disclosure; Fig. 5 illustrates the assembBled components of Figs. 4A and
4B;  Fig. 6 illustrates a multi-component electrode held in the

assetfisidaleorinsotris brimeripiorsiienelintemradeneie ehfprosent disclosure
calluRligigduiiEidosaFicheh IRITAIRD MG BRGKSIGER hdhR ASSEMBIGHSREY I8 here Tike

of Fig. 6; 15Fig, 8 is a partially exploded view of the assembled carrier of
sterguIs, g & ARG dersttgSIate 2R9g "MBIE isometric

illustiagon hsuRWOmRIRE rideUse Wb tbenassanpbiad i iglodfeRigadelectrode and

Fig. 10 is a partially exploded view of the assembled carrier of Fig. 6 and

a

N G55 H0SARSD PEsHEYSate and tripod stand for use with the carrier:
Fig. Hgllnsiatesa prripharalbcesgogifigeeniredrdadntier according to

one embgdjment of the present disclosure; Fig..12 is a partially exploded
Vo G e oot g TE | BiOHahE luetate o
recipFogating slectyadesigpp vt fecansitionpeyphedaly@iergagiriertrode; and
electiage s AGRIUN HIRR rg@sm%%ne&gﬁpwa@&%m mounted
which they reciprocate; an Fig. 17 illustrates’a peripherally engaging
eledurotto derderr Aieroadic site asseribed mepbel sharmtdmnudescioithe carrier.

As isﬁ%t%qlﬂﬂ%@:l’s_%% RigsSaPHISCIRSMEE ites:to PROGRSSES for

reconditioning multi-

Fig. 6 illustrates a multi-component electrode held in the assembled components of
the backside mounted electrode carrier illustrated in Fig 5;

Fig. 7 illustrates the backside of the assembled carrier of Fig. 6;

" Fig. 8 is a partially exploded view of the assembled carrier of Fig. 6, including a
backside mounting plate;

Fig. 9 is an isometric illustration of a purge plate for use with the assembled carrier of
Fig. 6;

Fig. 10 is a partially exploded view of the assembled carrier of Fig. 6 and an
associated purge plate and tripod stand for use with the carrier;

Fig. 11 illustrates a peripherally engaging electrode carrier according to one
embodiment of the present disclosure;

Fig. 12 is a partially exploded view of the carrier illustrated in Fig. 11;

Figs. 13-16 illustrate a reciprocating electrode support for use in peripherally
engaging electrode carriers according to the present disclosure, and the manner in which they
reciprocate; and

Fig. 17 illustrates a peripherally engaging electrode carrier and an associated tripod
stand for use with the carrier.

As is noted above, the present disclosure relates to processes for reconditioning multi-
component electrodes. Figs. 1-3 illustrate one example of an electrode assembly 10 formed
from two types of multi-component electrodes - a disc-shaped, inner multi-component

electrode 20 and a ring-shaped, outer multi-component electrode 30. Both of these multi-
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30 component electrodes, Figs. 1-3 illustrate one example of an electrode

ageeR¥ekesiormed from two types of multi-component electrofles @ o09/048244

disc-shaped, inner multi-component electrode 20 and a ring-shaped, outer

multi-component electrode 30. Both of these multi- WO

2010/002631PCT/US2009/048244 conponent electrodes 20, 30 comprise

a silicon electrode 22, 32 bonded to an electrically conductive backing '
coplae U, eRertrpHEsiFRe BEISBTARHESH fuSHSRIY S FIgEe 12and2cBaRgribde ap electrically

coRthai Af 98 RASSANES 2B LommqRhe refestashioim e iATRIOVEHIER nprises an
passages. The outer electrode 30 comprises a series of peripheral silicon

UBYRHEAPPIEE TOGRIAERIB LAFBURY thinshseripre AoV e dsssages. The outer
cl@lgetrode 2 Fthernriicuantephues ofitin slpeitadesicl@dI0gamditiesurround the

electrode assembly 10 are beyond the focus of the present disclosure
PeSRECOL oh IR AL HELE b Mt HERS letihg fBséffirigaies 20, 30 and the
cl¢egadeingdhd strirtuectoefeirctredd assenhlies-aianiati ol sbatillugiratedidh, are not

Figs. 3 can be found in US Pub. Nas. 2007/0068629, 2007/0235660, and .
S IA2, NAHNCA ORI RS BF i S LR A AT B By b
singferenncehfdditiematkdelatedigsachings dan fmfound iDL Fitat Nves,2007/0068629,

S S e R IS B M BB merin

reffiselosurbddlates! gelhsdlisathipascasses f@unéd@rid&iaaingl_os. 6,073,577, 6,148,765,
6, TIE-corpoRebelgairadas. The eoeRis of thelesant JISCRRIIB241765. As is

should not be’limited to particular electrode or electrode assembly '
nQieshfiGArALiBies PISTRediclsenpe e rEcIeRta R Igess efeélfogesnpigyng multi-

cdliiratedinckigRs 1-3rmaysprppise ay pfasdarigteiethackiogiplal’® be limited to
configurations including, but not limited to, electrically conductive

PafisHR e PhrIgFEpAREsRBRYY saRitaryasiatss 24, 34. The silicon

electrpgdemaRi-Shipayehe hpededdodhe enicespendmaselantsteally in Figs. 1-3 may
conductive backing plate 24, 34 in any of a variety of manners. Typica

: pically, . .
COMBBAY it HoReUVETS BpERGHE A3 RRCAEL BN e dabRRdmted o
elage asigking plaiecaddmieshanical oneansharebased tackegupiathieddodd. IThe silicon

is also cont lated that a non-adhesive gasket may be used at the .
R AR B PO A BECRS ALD e BT et backing plt
24néghanicallyf \Withriegaod toathesilichppatedirodg®oR2ER; itdsenotedsthpplied at the

inrte}c?arcieen gt\bggr? : éoe?ecsgégc%na%?%g&(%orl%{é %Ine&: trrngﬁ(cj: a%?c@lpﬁl'%g}% glJéC&) d to secure
should be read to cover any of a vari )Po electrodes that utilize any of a
theSadetit &f oo oesipdand thiieincondirasiiorgasketAltiobe histiskat the interface and

th@aéfé%'djé‘cﬁeoEﬂﬁeﬁcﬂﬁgzppart@%%?%@%&’éﬁ%@éﬂﬁ]%‘?ﬁ?”W&FH‘%@H{& fB&¥%e silicon
vary, one process for feconditioning a multi-component electrode

clgeiedding2o Ihe ipresepfediseio SafereasruBerata din - flicon itfempdqeapn electrode
cc@ﬁﬂﬁ_ié‘i‘}?g remeved Hamdh & Ui cRMRRNGNE lagdrode by sRAKING AN iize any of a

multi-component electrode in a substantially alcohol-free 30 DSP solution
vVghpPistATSURfUTACREidn Fird SOREIOXide, and water (see step 100).

The D3R aQIHtAL ismwellistipestior MipsteRhreausadr@iQVidesdopresent disclosure

effective ion removal and is not as likely as isgppropyl alcohol or 8ther .
HQ%OWJCBHTaHWS%f@ﬁo’ﬁg%détfﬁm%eae@‘(ﬁ%‘d@niﬁ@fm electrode according to the
pidAY Q0263 LRGT US04 F2d A4-4mitidRriataethheoSReseimboadisrom the multi:

described herein as being "substantially" alcohol.free because,it is .
R B TS oA e R A LS by S e gl pgieonel-fee
DéRholbttéffe ctingtiserp onibtainimidpiopkoges petheidolandnyathe(see step 100). The
D@}""éuo_f:u(%fg o0 %@h%'&f%&??& Eﬁ?%spe% %%%Elt&gg'i? r@éiﬁggvfgge%@c%&eelﬁ emoval and is

against or across surfaces of the multi-component 5electrode - typically at
nefresdikads poisexcerdinlyd®psr. othenploplrobuindaintiantothéonsP ssintiba electrode

comprises a majority of water, and more hydrogen peroxide than sulfuric

acid, by volume, More specifically, the DSP solution may comprise at least

approximately 80% water, by volume. It is further contemplated that the

DSP solution may comprise approximately 70-90% water, approximately

10-20% hydrogen
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10 peroxide, and up to approximately 10% sulfuric acid, by volume, More
specihinadsciie DSP solution comprises approximately 80% watet/us2009/048244
approximately 15% hydrogen peroxide, and approximately 5% sulfuric

acid, by volume. After soaking, the multi-component electrode is

rinsed with de-ionized water (DIVV) to domplete the metal ion removal

step (see step 200). Aluminum, graghite, and other 15 materials used to

matgidtudisrPothspmdernsifidsirpiebacrinre Saipsnmsetatabgerlahol free because

it ROtiahpoikeesal artanibationefThedi@sanlyinepiessayethe solution without
recognized that the risk contamination from aluminum and other

e iiRec i pokSr HRE FERE RS BHHIE SRIRAG inhfo A sePEALE Fi5girode may be

préensutédg thatihadgnpesapteof teife-ionizetbyatarthat i9tisad @ulti-component
femove metagéions and contartninantg. fro4 the multi-component electrode

RS %’pﬁrb%ﬁ%% K/atﬁeféglés IR E6ME 8ase’ lower than 205C. In

contiastrty pedd duighetempperdiffe svlationwaisrptinse s woajldibe abexeaer, and more
05C and would, promote .contamination. To fyrther prevent contajinatiqn .
g Ry I8 Ak T on S R B MG llton may
corapistivitly lod thepdesiomizely Bafe rhtr idysedumeenhoisef méstal ¢donsmpthted that the
DSPUAMIBA NS LR MESOMRRNE7b 654 46 IS AR hately 10-20% hydr
Eﬁm ZI\/P]?:%: "E&B Rﬁ ?o ,;%tgl teatez\stOo ydrogen

approxmate 1 _m ecause remqva Qf ions causes .
peresidtivydofpdd ripasenpedyitify widens epient yriedsie méerefepcgiéically, the DSP

soRtRt @5@%&%%@%%%}y SO%O%WP?%@%%M&?W@W%})@U%{? geroxide, and

surfaces of the multi-component electrode can be polished (see step 300).
apROKMRietyat&assHHEmati€alty ¥oIRge4, the surface polishing can be done

undep agulaiantiale cantinsempdiRw iderdarizednvader RregeiE Al Fater (DIW)
temperature 30 of approximately 205C, or lower, and at a flow rate

10 SERLHIE 1 AT KVatrSROS PR R S 8P the ‘TR R SiARRHe: and other
mbeyiand aparasinaislynkbGiat dhe elestrodrsubasel Ihisicam@piidietlectrode are
hovv.eg/er, that thg broadest as ecﬁgof the 7gresent gisp osureare not , 4o g
PIIRRY 15U SofOMBRESHBE T/ B B a BB ok P BBIfE R the T8
costiparatiprofredusbennympically ods it apppoant frdnetthdedeteiea s during rinsing
cJegeRuen.ofone ullabieecondiioning procedure helow, IERASHNG is used o
steff daninclucte & umber 6 compor?en poehs ing's eps%at wH?vary
refrone eactalotbrer svidhaegardnanthérepetificmihnemipondnichlgutistirg ipproximately
2SRRI DRI RIRP MAYRE SABOWRCBY A O AR EIERRI e, warm
operation where the multi-component electrode is disposed in de-ionized
wobenant e sisbhectbavio Aitrado And enrgy neaposteie AOUYN AN, o further prevent
IR GO od G £qDIARYBREAR: ﬁ@s&ma&%%&e&ﬁ@&&ee@mﬁl@g resistivity

water used in the ultrasonic cléaning operation should be approximately ‘
ofos AoiomzeBriatensey, fowrsr tRafF POBTMAHAOMS CASONMPARYHfcrom the multi-

cdHifRANG obHhe MUl cRRNRAPERERANIGHS NAY-BA 8BEAREPEHDY BNSIULAY causes the

10 that the de-ionized water used in the ultrasonic cleaning operation has
registiithasehit® pBIRER e niRY 15 e PSR RSP I BRI LS S difget extent of
dapprexieaately 3.1 Watts/cmz2, at approximately 40kHz. Further

cont %’ﬂion can ze removed from.silicor}fsurfacgar%of thﬁ“ ¢ electrod

multi-cOAB PR MR AP He G thE Hafighel WU LR pERapt clectrode can
beejedishele (wathsam oy atid solutiongdechdmastepl HO0Fid He thrxad@eigholishing can

luti t jety of .f ncluding t disclosed in U .
S e A U B BB AP U Flompee
020080092929, 20806(0 1880821 nshet énflsudirentubfignpredebit clevation of the
e HBEIARHES, Ahf MIXSHiac SRl Ha0 FAMBSISS S MBI BYQAG AGId, IDIHG ACI face. 1t is

acetic acid, and water and the eléctrode surface afe treated by wiping the
caf)iprapiadithoe vETixBa BRI BBRIgeh2POTtR O h B @FtsgdJisipeaure are not limited to

contemplates a variety of techniques for treating the electrode surfaces

with the mixed acid solution. For example, where the multi-component

electrode comprises a showerhead electrode, the wiping operation can be

executed while the electrode is held in a fixture and pressurized nitrogen

gas is directed through showerhead passages of the showerhead

electrode to prevent uptake of the mixed acid solution into the

showerhead
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25 passages. More generally, the present disclosure contemplates:
mashdsopsie the mixed acid solution is applied to the electrople1susiacgo4s244
using one or more rollers that only contact the silicon surface of the

electrode; methods where the gas volume at the backing-plate side of the
multi-component electrode is pressurizéd while the mixed acid solution is
contacted with the electrode surface; methods where the mixed acid

PagititsrPRIisBing SteRF WEPIRECEHTESn JoBiNikde dhd Aok eRRE eRfaliom e detailed
deb@f@fﬁ@aﬂi%a?/saﬁ&i@ﬂ caRawihe sedubondieaugh the showedead can include a
passages of the electrode; and methods yvhere a corrosion inhibitar.is
SR (50 S0 U006 51 PET b L b AT, SH LRIy HhafeBafd 1o the
sptheimultireemipomeinh elelittonke arciautbé bThelipg inhadgriadptithe betésfroeed by an
ulggé[cl;lr? ce Ic g tgﬁ’rg eoarel:dawo% be}l%%ienglg Ia%qti-con-lr ign "Xl’eitt\rNiHeble 1rse fgsré’;l !% Ei%—ionized
compllete fhe mixed acid freatment y rinsin t%eaﬁrea e mu?tl-cc?mponent
watectndde wihjeciedionidedsamteetragingaoroperdied) sirngaintdothasedthe likelihood of

co{iﬁ&iﬁ? aaggv?h@’i@rﬁ L%ﬁﬂgeotp éltéepdg-(?gnige@%ycﬁ?e@ouggdpf f%ﬁb&%ﬁ onic cleaning

reat the multi-com nent electrode by repeatedly wiping the electrode
opstaficeshaild rreaprixedranil 3ok @telrissirgoades. dewonibed HheiCinln some

ca@&gigﬂfhsgrﬁé”é’i’Qﬂ éﬁlﬂé‘!ﬁiﬂlmé‘&ﬁ;ﬁ%ﬁ Lp-follow WMQFQHR%HEQPSQ ensuring

contaminant removal operations with baking, N2 blow-off, and electrode ™
thpfathging-seppsd 10MEp e dhh & lrResaIe eiREIBLRPCIRRTIY 56 PRetdfatiaic power

ddsepsyresbat he felomingicauismeniisavailakle apoiiasanic Jankywyil/cm?, at
a power density of 10-20 Watts /in- (at 40 kElz) with DIW overflow
APPFORHOE Of iWF-in ultrasonic tank should be greater than 1.5); A

variabletspeeshtutmtabienusedioralectoda polishing sdifaledf IgR (GMRromponent

ellet cleaning system (A plastic nozzle is recommended. to avoid metal . .
e AT ST A B PR AR R HERCaPA B BAFHLA S ution (sce
stepcFO0oNg B Izbdt clib ey fbastianakzle, variE2) 6f foci g iddipldrge disclosed in

S SNl e VigoRns ke azaniBaeney onsnonmono
2@ledrtodesifor poliskirgpbodiment of the present disclosure, the mixed acid solution
comprises hydrofluoric acid, nitric acid, acetic acid, and water and the electrode surface are
treated by wiping the surfaces with the mixed acid solution.

The present disclosure contemplates a variety of techniques for treating the electrode
surfaces with the mixed acid solution. For example, where the multi-component electrode
comprises a showerhead electrode, the wiping operation can be executed while the electrode
is held in a fixture and pressurized nitrogen gas is directed through showerhead passages of
the showerhead electrode to prevent uptake of the mixed acid solution into the showerhead
passages. More generally, the present disclosure contemplates: methods where the mixed acid
solution is applied to the electrode surface using one or more rollers that only contact the
silicon surface of the electrode; methods where the gas volume at the backing-plate side of
the multi-component electrode is pressurized while the mixed acid solution is contacted with
the electrode surface; methods where the mixed acid solution is contacted with the silicon
surface and allowed to evaporate before capillary action can draw the solution through the

showerhead passages of the electrode; and methods where a corrosion inhibitor is applied to
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A Magnum rinsing gun model 6735K4 for DIW water, N2, or dry air
okeaning@bé- 50 psi provided by McMaster Carr; Polypropylemerrs2009/048244
polyethylene tanks to transport silicon electrodes in DIW and to soak
electrodes; 75 A flushing and/or recirculation system to support 7.01.0

GPM DIW flow rate at T=20.05.0C. DIV¥; a mixture of DIW/N2 gas or 2%

IPA aqueous solution will be used for flushing. The system should be

the1Ba P oM Bhthfe WHH HHREIASS PRES LG e Hartite MRading eafrial at the
in@AEdR.afphe Besatasindnleaneividenatis Protego metal purifierffilter; 30 A

wet hench for DI water rinsing.and acid wiping; A temperature sensor or, .
thermSREt 1 RUL S B O R RO RIR Eia REA IS EFaARE acepsine the
tret@mipendtieitpthenecicutatéon sy stedoni¥ water having properties similar to those

reZHPIN0SOSRCTIISR00004ER4T-  cleanioomNVacmBAGIBCIG, 1y
with nitrogen purge: aking oven, class 180°ciéantdom compa ?ble,
coQlamed0dedradd Orapeataddpmming Stanambdoaaitacpaniioh Bewaked acid solution

Insing. during pelishi ring rinsing,, 5: AJr insi I
LYY 0, S RN AP
foNpantstef Temgntinnsié sardpalisant CHMR AP RSIeEoRY polisirgfixtde Bag-off, and
el dPRIRIRGLPRI-SiliGon surfaces of electrodes (Preclean the pads with IPA
before placing the electrode.);
In practicing the present disclosure, it may be preferable to ensure that the following

equipment is available:

e An ultrasonic tank with a power density of 10-20 Watts /in” (at 40 kHz) with DIW
overflow (Turnover of DIW in ultrasonic tank should be greater than 1.5);

e A variable speed turntable used for electrode polishing;

¢ A dry Ice (CO2) pellet cleaning system (A plastic nozzle is recommended to avoid
metal contamination and damage. Recommended nozzles are: (1) 6- inch or 9- inch
long 0.125-inch bore, plastic nozzle, or (2) 6- inch or 9- inch long, 0.3125” bore,
plastic nozzle. Wrapping of a metal nozzle in plastic protective tape may be
acceptable.);

¢ A polish Fixture for mounting electrodes for polishing;

e A Magnum rinsing gun model 6735K4 for DIW water, N2, or dry air cleaning at 40-
50 psi provided by McMaster Carr;

« Polypropylene or polyethylene tanks to transport silicon electrodes in DIW and to
soak electrodes:

e A flushing and/or recirculation system to support 7.0+1.0 GPM DIW flow rate at
T=20.0+5.0°C. DIW, a mixture of DIW/N2 gas or 2% IPA aqueous solution will be
used for flushing. The system should be cleanroom compatible with three in-situ
filters, two particle filters (1.0 pm and 0.2 pm in series), and one Mykrolis Protego
metal purifier/filter;

e A wet bench for DI water rinsing and acid wiping;

s A temperature sensor or thermometer to measure U/S tank DIW temperature during

U/S and water temperature in the recirculation system;
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Diamond 3.5 inch polishing disks (1 40, 180, 220, 280, 360, and 800 grits)

ang anokeinch pointed tip polisher with a diamond tip; Polyinpiceddnnoe/n4s244
tape; Teflon thread seal tape; Class 100 acid resistance cleanroom wiper
for rinsing and wiping; Semiconductor grade hydrogen fluoride (HF),
conforming to SEMI Spec. C28-030I, 18grade 2 or better; Semiconductor
grade nitric acid (HNOS3), conforming to SEMI Spec. C35-0301, grade 2 or
battet: clamifeshdaRBIragiBadEne W TEPEROIOVES: conforming to SEMI

Specy 648030 Lndinde foothelRAQSrmigaeductor grade sulfuric acid
(H2S04), conforming to SEMI spec. C44-0301, grade 2 or better;

StmiclantilPep gradd ilentgemperoxide (H202) conforming to SEMI
SDeCAQt’a%aa&l%zgf@sg@n%&fmg{ér NYlath &lasR: J&@m&ﬁ@%&&;&é&@%éﬁ{g.

electrode bagging; 25 Polyethylene cleanroom bags, 4- mils thick,

nfeethiapatifisating ES METCEHKY 8D DEYeINDOT Elagis dogning at 40-50 psi

cleantoomupifile Ve st ¢lass 100 antistatic vinyl gloves (to be used
inside the cleanroom only, should not be used for soaking and cleanin

whth mmﬁaggr[ggpfg@wd?pﬁ,gp%%pg;ishing fixture and to protect non—si?icon

surfaces of electrodes (Preclean the pads with IPA before placing the electrode.);

¢ Diamond 3.5 inch polishing disks (140, 180, 220, 280, 360, and 800 grits) and a 3.0
inch pointed tip polisher with a diamond tip;

¢ Polyimide film tape;

e Teflon thread seal tape;

e (lass 100 acid resistance cleanroom wiper for rinsing and wiping;

¢ Semiconductor grade hydrogen fluoride (HF), conforming to SEMI Spec. C28-0301,
grade 2 or better;

¢  Semiconductor grade nitric acid (HNO3), conforming to SEMI Spec. C35-0301, grade
2 or better;

* Semiconductor grade acetic acid (CH3COOH), conforming to SEMI Spec. C18-0301,
grade 1 or better;

¢ Semiconductor grade sulfuric acid (H2SO4), conforming to SEMI spec. C44-0301,
grade 2 or better;

¢ Semiconductor grade hydrogen peroxide (H202) conforming to SEMI spec. C30-
1101, grade 2 or better;

e Nylon, class 100, 2 mils thick bags for electrode bagging;

e Polyethylene cleanroom bags, 4- mils thick, meeting specification IEST-
STDCC1246D, level 100;

e (Class 100 cleanroom nitrile gloves;

e Class 100 antistatic vinyl gloves (to be used inside the cleanroom only, should not be
used for soaking and cleaning with IPA);

¢ DSP solution parameters:
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Bulk Concentration | Volume Ratio | Volume for 1 Liter
Sulfuric Acid 96% (w/v) 1 50 ml
Hydrogen Peroxide | 31% (w/v) 3 160 ml
DIW 100% 16 790 ml

e Mixed Acid solution parameters

Bulk Concentration | Volume Ratio | Volume for 1 Liter
Hydrofluoric Acid | 49% (w/v) 1 10 ml
Nitric Acid 69% (wlv) 30 300 ml
Acetic Acid 100% (w/v) 15 150 ml
DIW 100% 54 540 ml

To avoid damaging parts during the reconditioning process, care should be taken to
avoid soaking the multi-component electrode in isopropyl alcohol (IPA) which can cause
staining. The electrode may be wiped with a cleanroom wipe moistened with a minimal
amount of IPA. If stains on the silicon surfaces of the multi-component electrode are still
present after wiping with a minimal amount of IPA, the multi-component electrode may be
mounted in a suitable carrier and wiped with a freshly mixed 15% potassium hydroxide
(KOH) solution until the stains are gone. As is noted above with reference to treatment of the
multi-component electrode with the mixed acid solution, the KOH wiping operation can be
executed while the electrode is held in a fixture and pressurized nitrogen gas is directed
through showerhead passages of the showerhead electrode to prevent uptake of the mixed
acid solution into the showerhead passages. In one embodiment, the KOH wiping operation
precedes the mixed acid wiping step; however, other reconditioning sequences are
contemplated.

If stains on the non-silicon surfaces of the multi-component electrode are still present
after wiping with a minimal amount of IPA, the multi-component electrode may be mounted
in a suitable carrier or merely placed on a clean surface and wiped with an acid resistant clean
room cloth soaked with a minimum amount of freshly mixed Al pickle solution until the

stains are gone. More specifically, the Al pickle solution may be prepared as follows:
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Rasieovadgreg for 1 Liter Hydrofluoric Acid 49% (w/v) 1 10 ml Niitig/8620d09/048244
69% (w/v) 30 300 ml Acetic Acid

9.

Bulk Concentration

Volume Ratio

Volume for 1 Liter

Hydrofluoric Acid | 49% (w/v) 4 40 ml
Nitric Acid | 69% (w/v) 20 200 ml
DIW 100% 76 760 ml

Aluminum is readily stained by many chemicals, so avoid contact with any chemical
not specified in the procedure. Before oven baking, blow-dry the part to ensure there are no
water droplets on or in the holes of the part to avoid staining of aluminum. Do not use DIW
at temperatures greater than 25°C to avoid contamination, particularly from aluminum,

As is noted above, the multi-component electrode to be reconditioned may be cleaned
initially with dry ice pellets. The following conditions may be used for dry ice (CO2) pellet
cleaning: Air Pressure < 40 psi; pellet feed rate < 0.3 Kg/minute. A plastic nozzle should be
used to avoid metal contamination and scratching the part. Other combinations of nozzles
and air flow may be acceptable if they do not cause part damage. Protect the backside of the
part from damage and contamination during COz2 pellet cleaning by holding it with a hand,
placing it on a soft surface, or setting it on a stand such as a tripod rinsing fixture. Also, do
not allow the part to remain in contact with water, which condenses on the part, for long
periods of time. Blast the silicon surface with dry ice pellets to remove chamber deposition.
Cover the entire surface of the silicon including the edges. Also, direct the Dry Ice down any
electrode holes to clean inside.If some deposition was missed during the first pass, repeat the
pellet cleaning procedure and re- inspect until all deposition is gone. In addition, the non-
silicon surfaces of the electrode may also be blasted with Dry Ice Pellets to remove residue
from any gaskets. Avoid excessive CO2 cleaning which may damage the multi-component
electrode.

The DSP soak process may take place outside of a cleanroom. In one embodiment,
the multi-component electrode is immersed in the DSP solution for 15 minutes and is agitated
occasionally in the solution. The subsequent rinsing step may comprise a 1 minute spray
rinse and a longer Magnum gun rinse (3 minutes on silicon side, 2 minutes on backing plate
side, and 3 minutes on silicon side).

The DSP soak may be followed by a sidewall and step surface polishing step.

Generally, the polishing process should take place in a polishing room and the polishing
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100% (w/v) 15 150 ml DIW 100% 54 540 ml 5To avoid damaging parts

R e Fegonditioning process, care should be taken to avoigSoakdh /048244
the multi-component electrode in isopropyl alcohol (IPA) which can cause
staining. The electrode may be wiped with a cleanroom wipe moistened

with a minimal amount of IPA. If stainsléh the silicon surfaces of the
multi-component electrode are still present after wiping1 with a minimal

ProgRfeUEds o Re fRIRISIRdtmS SNt slRtadaPHine meithing (ileénids tape can be
us&Miabia Sakiesand wiprewsh ddreshivcavxsshd % pataasiuakydraxids cover the

(KOH) solution_until the stains are gonge. As js noted above with reference

intgfheaRTaTER TR & HIH LErHEOR PR EIEC A it srilaset abily mult-component
eleslodio Bhohg] KO Hnsai neg eper Fiohean HeiexecuiedDUN idie sieatioble dsaintained

held i fixture and.pressurized pitroge as.is]gi ed through
o PRI AL R BT S T A SrBE b AR BAEVENT R EapeDgsed to for
théRelevixBchAd spicustiedipolisiimghelshowerhe dd passacest polivhéng time to remove
embodiment, the KOH wipin rati recedes th ixed acid wipin .
i R S comtidiel AR b P e LR S HRiom wiping
blstairgiog, ineppativsilaton surfaces of the multi-component electrode are

still Hﬁ?e%%%td"élf %M\Tgllcggh Hﬁ%ﬂ?%&@%oyggﬁgﬂ%’r%% with suitable gloves (see

multi-component e ode may be mounted 20 in asuitable carrier or

abyeden|aved ton faclsanduridt dlgndsyipe @ with shingclik Fessistagit epazmiements the
RSB erkeiWit: AgpiRITWRADAURE HSreshinaaixes ARBIGKIS rpm polishing

solution until the stains are gone. More specifically, the Al pickle solution

tuppahlp e Hraprdg Belrsnbwsaribosdr alehde dalese trsopdoronysignt -ow of DIW

during the polishing procedure. If polishing needs to be interrupted, the electrode should be
soaked in DIW, Progressively higher grit diamond disks can be used in the polishing
procedure., Again, polishing should be followed by appropriate DIW rinsing, cleanroom
wiping, blow drying, inspection, etc.

The ultrasonic cleaning operation described herein can be performed at 20.0+5.0°C
for 10 minutes in DIW in a class 10000 cleanroom. The part can be rotated during ultrasonic
cleaning (e.g., once every five minutes) and may be rinsed and placed in a DIW bath in
anticipation of subsequent mixed acid treatment, which should be started within 2 hours of
the ultrasonic cleaning operation.

For the mixed acid treatment, a Magnum water gun mixture of DIW and Nz (or clean,
dry air - CDA) at 40-50 psi can be used to clean the multi-component electrode (3 minute
rinse on silicon side, 2 minutes on non-silicon side, 3 minutes on silicon side). Treatment
may be facilitated by installing the multi-component electrode in or on a carrier and placing it
on an acid wipe stand, both of which should allow convenient access to the surfaces to be
treated. The concepts of the present disclosure are not limited to the use of specific carriers
or wiping stands but the carriers and wiping stand can be used to enhance the reconditioning
process. Figs. 4A, 4B, and 5-10 illustrate a backside-mounted electrode carrier suitable for
securing a multi-component electrode similar to that illustrated in Fig. 2. Figs. 11-17
illustrate a peripherally-engaging electrode carrier suitable for securing a multi-component

electrode similar to that illustrated in Fig. 3.
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Bulk Concentration Volume Ratio Volume forLiter Hydrofluoric Acid 49%
(wiey 2. ¢k év9opgb Nitric Acid 69% (w/v) 20 200 ml DIW 100% 76 76@dmhus2009/648244

-11-

More specifically, Figs. 4A and 4B illustrate the two primary component halves 50A,
50B of a backside mounted electrode carrier 50 according to one embodiment of the present
disclosure. Fig. 5 illustrates the assembled components of Figs. 4A and 4B. Generally, as is
further illustrated in Figs. 5-8, the electrode carrier 50 comprises a frontside 52, a backside
54, and an electrode accommodating aperture 55.

The electrode accommodating aperture 55 comprises a sidewall structure 56 that is
configured to limit lateral movement of an electrode 20 positioned in the electrode
accommodating aperture 55. For the purposes of describing and defining the present
invention, it is noted that “lateral” movement comprises movement in the plane of the carrier
50, as opposed to “axial” movement which comprises movement along an axis extending
through the aperture 55, parallel to the plane of the carrier 50.

The electrode accommodating aperture further comprises one or more sidewall
projections 57 that are configured to support the weight of the electrode 20 as it rests upon
the sidewall projections 57. Figs. 6 and 7 show the electrode 20 resting on the sidewall
projections 57. In the illustrated embodiment, the sidewall projections 57 comprise relatively
discrete tabs but it is contemplated that the sidewall projections 57 may take a variety of
forms and may be provided in a variety of numbers along the sidewall structure 56. For
example, at one extreme a single, continuous sidewall projection may be provided along the
entire inner periphery of the sidewall structure 56 as a circumferential ledge.

As is illustrated in Figs. 4A and 4B, the electrode accommodating aperture 55 of the
illustrated embodiment comprises a split aperture configuration including two primary
component halves 50A, 50B engaged via a pair of tongue-in-groove interfaces 51, 53. Each
of the component halves can be secured to each other at the interfaces 51, 53 with suitable
engaging hardware, such as a pair of threaded PEEK inserts 59. It is contemplated, however
that the electrode carrier does not necessarily have to be presented in two component halves,
as long as the electrode 20 can be conveniently placed in the electrode-accommodating
aperture 55. It is also contemplated that the electrode 20 can be positioned in the electrode-
accommodating aperture 55 or the two component halves 50A, 50B of the carrier 50 can be
positioned about the electrode 20 with the aid of a carrier installation stand configured to
allow the electrode to sit on a controlled clean surface at the proper height to allow the carrier

to be placed around the electrode. The carrier would also be placed on a controlled, clean

surface.
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Aluminum is readily stained by many chemicals, so avoid contact with any

chemieaboet specified in the procedure. Before oven baking, blewwagedheo4s244

part to ensure there are no water droplets on or in the holes of the part to

avoid staining of aluminum. Do not use DIW 5at temperatures greater

than 25C to avoid contamination, parti¢étarly from aluminum.  As s

noted above, the multi-component electrode to be reconditioned may be
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eldarasliy 10etie ik fledeh elaasiRg AR essres 8, a4l dstupadahicaddateirdware 40,
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part {9, o}}lﬁg‘chﬂlg&@ﬁg‘é’ 'EI' \Q’a}%hgggj i&ﬁ: P%ﬂ%ﬁ%?ﬁo%&ﬁg PQHWE% lﬂpgomprises

periods of time. Blast the silicon surface with dry ice pellets to remove .
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The ultrasonic cleaning operation described herein can be performed at

A Afdec:10 minutes in DIW in a class 10000 cleanroom. ThePaid%e8048244
be rotated during ultrasonic cleaning (e.g., once every five minutes) and

may be rinsed and placed in a DIW bath in 20 anticipation of subsequent
mixed acid treatment, which should belstarted within 2 hours of the

ultrasonic cleaning operation. For the mixed acid treatment, a

POiggn S Watks Gacinaxiere of pEVinseRERIZSr HledRctinnairloeDI) deng an axial
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rinse on silicon side, 2 minutes on non-silicon side, 3 minutes on silicon
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accommodating aperture 55 of the illustrated embodiment comprises
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dig@tikbns. contemplated, however 25 that the electrode carrier does not

necessarily have to be presented in two component halves, as long as the

electrode 20 can be conveniently placed in the electrode-accommodating

aperture 55. It is also contemplated that the electrode 20 can be

positioned in the electrode-accommodating aperture 55 or the two

component halves 50A, 50B of the carrier 50 can be positioned about the

electrode 20 with the aid of a carrier installation stand configured to 30

allow the electrode to sit on a controlled clean surface at the proper height

to allow the carrier to be placed around the electrode. The carrier would

also be placed on a controlled, clean surface.
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WO 2010/002631itT/11S2009/0418244 -12- Fig. 8 is a partially
explodedosew of an assembly comprising the inner showerheagcalestrada 48244
20, the backside mounted electrode carrier 50, and electrode mounting
hardware 40. As will be described in further detail herein, the electrode
mounting hardware 40 is configured toléngage the electrode 20 from the
backside 54 of the carrier 50 and urge the 5electrode 20 against the

side4IP prH1EERGAS B 78y 49t IinARfhI$1980ePleHEbFTRY Sedtittd261Rport the

asdfiaie|eatiosie RECMBARNALNEARSHUIE RS tripoR&ateIdi BehgiestabAlD three carrier
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SUBRRIE Y BRSO D16 S narobIAES 5 4R BIBE e engaging
extensionguw? My pesieample coompliseitirehdeg RERKdsdseing @iocedures, the
other types of inserts that are 10 configured to engage corresponding. .
A R o EITPOLTs Aot T i Pt TheArna Sttty that are
resisiaitinocoxidetiationr witiertipeocesyiesl rdotedhdativah iBaonfigurieddad not by way of
. e the backside 54 of the carrier 50, e C fit : -
o e L SR IR AR RO suturic cia
hyph@gﬁtti nq@simwémﬂumﬂcgim@ummw aﬁgéqhei@,aamrétmrbib@ A3pitable materials
iné}g@é[‘%}h%x@aﬁgts'ﬁﬁlééldotc}h%cﬁ&ﬁﬁé@%&ﬁ”&@ﬁ%ﬁ?ﬁ%&@%’ds Gw&rbonate for
a

the 15 electrode 20 in the electrode accommodating aperture 55. Because

copipprengiaiivelyestraridehoth ardiEEK s seaRgRmig ks isTyisaded, ipgayrs 59 and

thihg-heagRagions tharerfareblustrated in Fig. 8. Fig. 9, which is
discussed in further detail below, alsaq illustrates the manner in which the

electfIHOeHy AFM3 ERIHsEHEE U iBaFEIRBBYI S B FhEATESF fHEymgd herein
m& {aeyelartingacits 20Aitherabrthe-srabedingptiistioded iy rigs. iTandted herein

8 comprises a carrier brace 44 that is configured as a relaiivel elaborate . herall
withitrdrisiee ComBristlg!d pit ity BIRHSRING 1868 46, AR LortBRiFT Sty peripherally
enth@itbe kleaitedamauringhiaidrresdd maylaeupyafidedrio g ofuygbs of electrodes

._forms, which may or may not include electrode engagi tensions 42 or
in iR PBHIE T P cBiRg S st EReAr e s e LSS B dipes 1 and 3.
Gehatidyratjeiped pacsoliyechgagiof kbrdwdeec2Githdt engagessthe eledtotteme 160 and

Zlglfarﬁpw gpgaeglacggé le 5e e%ft rth e%@”'%é%ﬁ’ urge the electrode 20 against

% PR ormore didewall rolecﬁonsg to limit'axial movement of the ‘ _
electuec20ipr thensal(ér ®pTisesamgelgentdatastinthodibagropertaee 165 in which

nERQuld H&%’A‘ﬁ%‘é@@&%@%ﬂé&f%e%&Yﬂ@&hafﬂgadaallﬁ%“ﬁ@ﬁh 34 of the clectrode

magnetic, or any other suitable means. In one embodiment, the backside
3Gaonmiseseatpdebniiel SUOEBHsriseccesplurRlitfoRDsk il qetphery.  The

re%r@&@ﬁgéw@ém&sﬁsm&gy 6d ReSEFHIERAQY $SABRAING BAGRAIARAB: retracted
of one of the bracing legs 46. As is illustrated in Figs. 8 and 10, the

PERRIING T 18 b SRR el PBTEB B oPTHBS R I 18l ds ‘g etimllgr than the
c1BMIAO Gl CORfINEREIRNAYRIRIR: tNEFENEAVIMD positioned at the inner electrode-engaging

pezri(%)%lg/rgfo%%ﬁlE%T!é{:%%gga%{r?é 86%&%&_)]&2_ supports 170 will extend into the mounting
recesses 35 and support the electrode 30. When positioned at the outer retracted periphery
172, the reciprocating electrode supports 170 provide full clearance to the electrode
accommodating aperture 160. Although the mounting recesses 35 are illustrated as axial
bores, it is noted that any of a variety of recess configurations may be employed in practicing
the present invention.

Although the reciprocating electrode supports 170 of the present disclosure are

illustrated herein with reference to a linearly reciprocating keyway configuration, it is
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portions 48 of the bracing legs 46 are inserted into the receiving slots 58
alamneoasreaxial component 62 of a twist-lock pathway and, oncepatiig2009/048244
receiving slots 58, are rotated to a secure position along a rotational
component 64 of the twist-lock pathway. The precise location of the
secure position along the rotational corhiponent 64 of the 5 twist-lock
pathway is established by rotating the carrier brace 44 to align the
confeusEI G & elRiE3 0 aRsRgMGe AR RDSAAN the EBRSE8aIRgeomplish
reQ1F6S:&RIMNR BIeREdR20edNRiICIaGIFBAS MOWKIRGMAIMGIR A iAB%d periphery

comprise a plurality of electrode engaging extensions 42 and, to permit
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resmatdmgup@ das, likbamitrogenfomete d00degrainises @aphbelppes’émede slots 180,

eal ISR, E’s“&%ﬁﬁ%%? aam (}Hﬂ Eﬁ}%&‘{% F&%J’Exe YEHR HH%QFrQE%Q)%ﬁﬁng path
passages 26 0 electro efore Ing, or a er other electro
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prfeliREsERL AISCIosHIE: Rk e RUFRRsSRet Se 25 king AR ALIDARE te linear

present invention, it is noted that "reconditioning” operations generally

re?él?é?%lagv@r‘i]ét&/7éﬁ36V@@§§§é§eF6‘Plﬂ%f&ﬁh@0&lé“oﬁvd%nent and include, but

20are\nef fimitedde i hesmicsl haatm e ralishing slaadioge 8ieport iT08s rotatable
electrode carrier 50 can be provided with a plurality of purge plate flanges

abpytiftdemeitslingianiiontor B IRGRe IR YOPIAINE GRPiSES SgbpOR 170 in the
m@ﬂiﬂ@“ﬁ{d@éfdﬁwgﬁ plate lesg§n2161tdslaa@rﬁdwﬁggpf@}éd@dﬂtm@@m tb@ted about the

urge.plate fla s 75. More specificall ,the e plat rise
o B 1 Mo o SRS 7 R S Kok B slot 180
reﬂtl@cbﬁﬁkﬁﬂéiﬁ@ﬁaif Tachebieenathe; puegeodate piidband the dacksidem&d efciprocating

§ctrode carrier 50 u on engwagegl t of the b%cks gl%c%c% 74 wﬂ@%l% can be

roca 111 e Jreciprocatl
c§r &SP 50 and TOtAton ofthe purge p

mmiahﬁed@t&iergldﬁrhn@mmpm@@ﬂﬂg mdullaétbatmb@mlhm@memﬁtthepomts A, B.
flang u n
e e T
mEBhANSr choeiarssE 30dite dtioking \nl@ezm@v@@zsaqu@mhltjmszg@gmgmwatmg paths
173 the faéﬁ rgw&gt%dﬂdﬁg ‘iaﬂ)bsr@ freagslard %1%&5&% Pedsed ts.‘apport 170

support the ‘assembly during reconditioning operations. The trlpod stand
is cepfprisss fHene detrmnadosanaiis i porietiBrshtelgaradsien sas Hopesigaery 174 by

roe4ifRf he RISGROsSRIIeH 50618 %9%6&@%@91%@@#%@&69@@@1@@@9@ and sliding

during reconditioning procedures the 5 various assemba% components

(P GBS0 EPRSHIc b L B (SIS RREN Are G SSARYBeton point A
is Q&ma@nt@é rihen pracessisalateslidegiasatientdeotsxamples ag0l Batihg state that
y of limitation, %‘le materials should be chemically resistant to isopropyl
is } od i Agid hydrogen peroxide, hydrofluoric acid, nitric acid,
acetldlaglﬁcwﬁmﬂewlﬂsem&dhﬁ@m&lmﬂmat& iolerdenilar deedvatrimitecbtoprovided to

ymers. such as po lene and p carbonat for1 m
ﬁ{gk e Carietr E)o%iy ERFEP E:cs)mfgén%ennt% HiKe Yhe ﬁgreadelp%ﬁ%tgd? posmon by

plﬁgmmgheteﬂwrmfdéehgﬁgaygpemmmoném As is illustrated in Figs. 11 and 13, the
keyway locking plates 182 can be rotated back and forth from the locking position about

respective pivot axes defined by a set of carrier supports 162. Locator nubs 184, or other
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Although the particular features of the peripherally engaging carrier

iNGetsaieddaesein may vary, one particular configuration accordipg{astev9/048244

present disclosure is illustrated herein with reference to Figs. 11-17, More

specifically, Figs. 11 and 12 illustrate a peripherally 15 engaging electrode

carrier 150 that can be used to hold anytof a variety of types of electrodes
_including, but not limited to, the outer ring-shaped electrode 30 illustrated .
Sl‘?ﬁlﬁ‘id?fg“é?ﬁ%} 3195 alierafPr eAdse BB AR eFTgRRG IR CB GaRPERR Gy His grceiving

sIQOMEVisaIR tockRL fpane 169 anckadelusalituirfl 18CipiacaENeceleRECSs 186 of the
supports 170, The carrier frame 160 comprises .an electrode

loglBs IS AR UpBFtHPEL s HRREHE BT HAKIRR PGS SHepRYF L fatRRGHYe ones of
thakeandie positicsledo Tibekbaskinghplateys of thgeltsisodeSAedraprisesprocating
a plurality of m ting recesses 35 formed about its periphery. Th .
el R o ST 6 b O G Sy e focking plates
1 B2efvveren @ampritersatiagtbelvprdpdizns 182 tuadaan posieioned to facilitate receipt of the
1OCeal Oc%tgl% e- .%gc-hnegr éac%gi\ggf%%o]‘%lﬁggyhich_i; smaller tha_n the electrode
accommodating aperture ) en positioned at the inner
electiduepesrgayinge2®seripisencoFazederectpeocairgwlsngroistsuspomgorts 170
170, wi int ounti e I s
W TR halhAlE SRR SI° GIARY Wibnttoning
presepsescatingddesy deie bypporesh @ previdag flalsadarie@nerthk/0 can be provided
wﬁ‘f@&HQ%% gac %@QQ@&W&QP@JJ&H@S R é%%&&éﬁﬁl@ﬂ%ﬁ_ti% Hrie&S8&Soutlet 194

35 are illustrated as axial bores, it is noted that any of a variety of recess ‘
thab gt diopsifiagehdehpBpaatingratareing sbeeprelstioi eftiosnsaged in the
catitfiough the reeinecating *Reibans-aRRerubt0 Rk thesPiBsRRY extends along the

disclosure are illustrated herein wijth reference to a linearly reciprocating .
lopaitpal dritiy o SRfoFF PO R DI TTBeR B4AReE /() foglpptigEconfiguration
is coellenmptatest thatprivaretyeodurieehanigal eonfigpiationhepnge gamptopetd2. It is

to accomplish reciprocating movement of the electrode sy ortsﬁl70 1 practici
TR thi 1Y PARETeSt AN IRENF 79 Ufargfions woull be elfective in practicing
thinpereladitoecleiengading pe tiph paysigedy FHoeexampie piisagontemptatedzed or non-

rt@hat the ecilprocatitﬂgom%vt?renent %guldrgc% Slisnx;(fr, rotational, or could follow
P astszlérrlnzﬁ e up%‘:ﬂ%savmé1 & p urghfﬂ/1 ot fhear and rotational components.
Referffigg 10 Higstrd@s14 tiiptidesitiustrété dremboegirpe nisedach swptivet the peripherally
i i e f | igur in that i
cr SRR PR, SR IER A AR SRR 12 fpod sang
1¥drepmseses pluledity BEReAEICEIGEPISY dzithcanwnierdsecarifiywiigtoside of the
cI0G5 EIMIAATROINL ol RLINRAU0EHCIGHDIRRNIG BRI Aol B clectrode in o

More specifically, the reciprocating electrode support 170 comprises a o
StREQNEY PReidetigprasbens ffdsoparatadanitten dheepniagsetori dores g defining
thE PSR B AlRAGNNe iNRREJ erRracatingRAR L /SprbRYRAY thedRIMIRAton a variety

oints A, B. As is illustrated in Figs. 15 and 16, the reciprocating

ofRERESHES SOpPBHAZE FOTRARSBIC DRI SRR HRICS 79, @iymical treatment,
pontating dheuagipsacating electrode support 170 in the 15 manner

indicated in Figs. 15 and 16, the keyway projection 176 can be rotated .

o1 SRR 5 5850 GG O Tt SRS Eyfecommodating
apwitiote theskefwiay slapi&alrestrighgimp wietenteot dhderetiiirocatinge aid of a carrier
in§ISAose SUpPQM 17 %%Ef”ﬁr‘ G JINRAY, TRSIROCANg PN L 7D: K 8r1ed clean surface

reciprocating s%a%e, i Which the reciprocating electrode supportni% can
atbanoved fretditdioadohelinekcaciptodatinesivamtied 16 Hetwleemadeaccommodating
agg;&ig%gn points A, B. _20 To secure the _electrode 30 in the peripher_ally

engaging electrode carrier 150, the mounting recesses 35 of the backing

plate 34 are aligned with the linear reciprocating paths 175 of the

reciprocating electrode supports 170 and each reciprocating electrode

support 170 is advanced from termination point B to the inner

electrode-engaging periphery 174 by rotating the keyWay projection 176

to a position outside of the keyway slot 180 and sliding 25 the

reciprocating electrode support 170 to the teimination point A. Once

termination point A is reached, the keyway projection 176 is returned to

the keyway slot 180, a resting state that is illustrated in Fig. 15.
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Respective keyway locking plates 182, or other similar hardware, can be
pravidesioiadsx the reciprocating electrode supports 170 in an agancem 48244
retracted position by 30 preventing rotation of the keyway projections
176. As is illustrated in Figs. 11 and 13, the keyway locking plates 182 can
be rotated back and forth from the lockldg position about respective pivot
axes defined by a set of carrier supports 162. Locator nhubs 184, or other
WO 201678028518 CAAI S8 483 2% ¥ simit4PhAPITAPLIrRIpPoREt electrode
sufecprovided sindhe aateiandidne ik bo tol cooperale  witbutemeivtn iy st tides similar
n the |ocking, plates 182. The locator nubs 184 and the receiving slpts . . = .
o g R CL Ry i o 0 JOBTE RETR ISR FEREEfatipte times
will8 haverittespBdiv epaesinfdBe keywaes|otenp8idotheakidedvaciiareatment may be
eyw rojections 176 reciprocating 5 glectrode. supports, 170.4n. .
ro s T e A S BTSRRI e o
trefairticet qunepsise [Badiddjthey efelioedgestiiBgitivat dhe pdsitonedtiees of the multi-
coﬁé&ﬁﬁ?éﬁggkp&&rﬁ%ﬁg G2 %'Wﬂ?ﬁ 'QSU}?J edﬂ@ﬁoi'%‘isc%ﬁ%inatioﬁg%ereof to
present inventors have recognized that the feciprocating ‘e ectrode
regguparts IMotwiHaniwa pargayeobBMcrpwriotesbiithe swisiedyshing fixture, an
exREHRSEE FRAVINGREARAIANNG BAPIQGES668/009.308! 488 IR ISSHE of which is

_ each reciprocating electrode support 170 can be provided with a purge
ingRrppasshpsna P thefeRissd OB A pirgB g SSIRRS I t Vit thg s upigst matter of
th@tlsﬁl@steik%igaﬁ;smeuIdva%hepﬁtmneﬁéﬁlghﬁapmmﬁ@@a%?@ BHOSBWAY flush. 1t is

electrode 30 is enzaged in the carrier 150, In the illustrated embodiment, .
al$A e pRIFGRPI et Retfair B SRy dra RGithNEl Axibipgyq@d rinsing steps
migaeregating elacode suppestahdGraRctibadniey outteiheanrfigukation fifaisiltrasonic

well-suited for coupling_a pressurized purge upply to the purge gas .
Cl?ﬁr&flwf?im%nwh@#gﬁ;?eé&s?atfézrfg}lﬁ %@&Wd&@é@wﬁ Hesiodhn taking care
toqonfig tiatianamedsdoneceffective in practicing the present invention, as

long as.the passageway.encourages passage of a pressurized or

ron SR e L AT P SR SRR atilp-gnd a subscquent
riflbirgtrapesatidnpoaystgnid b4Gtheattmhynidenssebetdodiopporbthblperighyaralind baking.

0 engaging electrode cayri i e reconditioning, - .
LA A B YR AP TR s o i
catvier cam drekfagienditSuithlle didking enaditienry ol vardul by et arrarposes, it

is %gﬁ%&%?a@ Hef 10 §r99ﬁ%g%qﬁ9dt@ dpmpleatiads i @5%969@6&] completely

position regardless of its orientation. For the purposes of describing and
diyefifvfity aelresBit ravcid, elysrstediiedbednantodiiigd sergigagum sealed

inOERRAIN SRR IO Ri¥RNEDALANS I RERCRBARE TPIHMBRIPLLR FOTHRMENS@REM, vacuum
include, but are not limited to, chemical treatment, polishing, cleaning, etc.
seplrd o RigISIaY R8I 8EEFBHES can be positioned in the

electnpde-aseammedatingiapensren 63 of ibapalipbembyeengagingisclosure being
electrode carrier 150 with the aid of a carrier installation stand that is

R R HbPACH S RSO AUBSHROIRA BEHA Lt HER g0 stroctwral
refiepsapeas bejghtdaaiandheneletinoaedo fe pdsitionpetifidiiey eteetrefdences herein

commodatin erture 165. . . . s . . iy
to %e manncr?n \&%lac%acomponent is “configured” denotes an existing physical condition of
the component and, as such, is to be taken as a definite recitation of the structural
characteristics of the component.

3y 4L

It is noted that terms like “preferably,” “commonly,” and “typically,” when utilized
herein, are not utilized to limit the scope of the claimed invention or to imply that certain

features are critical, essential, or even important to the structure or function of the claimed
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WO 2010/002631PCT/US2009/048244 -17- A freshly mixed acid

swio oy eanke used to wipe the multi-component electrode sutpagey 92069/048244
wiping treatment will be relatively brief, e.g., about 40 sec for electrodes

similar to those illustrated in Figs. 2 and 3, but the wiping operation may

be repeated multiple times with intermilt&nt DIW spray-rinse steps. When
complete, the mixed acid treatment may be 5 followed by a more thorough

SRR s R &iFflaStHET S sl nrEparitien st Reiduidfirebtitieplar aspects of an

enflio&@sEt| BfagdiinefoUnwiogBefinsemprasiHe AkSHHREE 5 0fdiRional features that
multi-component electfrode ma tl;a‘eg ng%?ﬁ,with DIW, isopropyl alcohol, or
G AT R TSP AR iy SR AR YR BB E oa W
poweidiiush inpcuialilediushing fpdutefi aim exampis it whiehtisnlusiratee that the
te I&H%ngtghé\l a?I 2%%%/()8 9%8}%0 at ? dISrCI%%H{ZGeg . Wrtelic ols'el gelsr}e%?gtggr% ee(%ent degree
erein by reference, to fhe exrpen thatt'it 1I5'CRsiSEERT WA e’ Sl Jec%
of madtetaoftihépreseritcdiscibstee dFartharapiitisiasingrndsohevelnplayedurement, or
otﬂgetreé@%sg&\ﬁ%rf Iu% & IttelgnglS&ggt%%gl%atgxgdthgé tpc?x%%@meg}eoﬂeod &W%ted herein
removal, power flushing, and rinsing steps may 2 repeate%l a number of
totirprreantl thaydesesatballybisltondurivdanith achreseniptsoniviglearinfrom a stated
reEAIERERIRA QO s 10T TR MIUIES HINYY R Cass HE: GIRANO her at issue.
taking care 15to rotate the part at least once. After ultrasonic
cleartiligingh dedenthsdatbaivearaicial Wisiefgibpedabiv idpgres (b segeiést embodiments
thERBING: QP BUOLH FARH AERAINRSI XSS N O% TAHOWRE B N@Wout departing
drying and baking. Baking may be facilitated by placing the o
fropt hectapREHcdRGrGR, tHeSrl{}\/ﬁ’r?o‘i‘RPc%%‘?ﬁé}?’@?fa Meke wiegifically, although
soniditabiedealongneopritign st okury i fRINHEHAIWE HMIBOSRSIIED 1§ particularly
contemplated that the part may be baked 45 to 120 minutes at 120 C, or
adyARfagS RSt R RREICLING PSSR ERFTHER b ECAftvaty \iptited to these
profeme0Hspactcantheinaauitn sealed in a cleanroom bag using a bagging
assist stand. Double bagging in a N2 ed, vacuum sealed outer ha .
oy 100 B dHBh B MRt e Lo & HET B L Bhapgpein” o o
trahgtpredeptirdiscldurehbaimy &bs'obnitdnied” tte emebodyieypaiticulais noted that this
tefP se;géf %‘ru‘é‘éﬁc% ei%lgi %r}tiscg Ia(_g @rﬁ@rﬁ‘ﬁ? rr%nsstlrtlijg t'é\lf’ameceit&g?'i—]ssuas‘%d to introduce
opposedoto Fecitations of intended use. More specifically, the reterences
2 henigitico teansaniere ofnciviisites tisan pb e istsuttorsfignd ediodldnbteimtgrpreted in like
mHiRiNG ARl Sandbinn QG LABPAREALARR AR HHORoliiag faken
as a definite recitation of the structural characteristics of the gomponent,
30It is noted that terms like "preferably,” "commonly," and "typically,” when
utilized herein, are not utilized to limit the scope of the claimed invention
or to imply that certain features are critical, essential, or even important to
the structure or function of the claimed WO
2010/0026311'CT/1JS2009/048244 -18- invention. Rather, these terms
are merely intended to identify particular aspects of an embodiment of the
present disclosure or to emphasize alternative or additional features that
may or may not be utilized in a particular embodiment of the present
disclosure.
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For the purposes of describing and defining the present invention it is

noted that the 5 terms "substantially" and "approximately" are utilized

herein to represent the inherent degree of uncertainty that may be CSLLP
attributed to any quantitative comparisgrll value, measurement, or other "~
representation. The terms "substantially” and "approximately" are also
utilized herein to represent the degree by which a quantitative

representation may vary from a stated reference without resulting in a
¢hangedn the basic function of the subject matter at issue. 10 Having
described the invention in detail and by reference to specific embodiments
thereof, it will be apparent that modifications and variations are possible

without depasting fﬁsp%ébﬁdwé’ﬁ%ﬁﬁthﬁiﬂ%@&@ﬁﬁ@E@tﬂﬁ&@%&ﬁﬁﬁ%%da silicon

claims, More specifically, although some aspects of the present disclosure
Stecigesninetdeera s priter o arditice kar agvliiagbensers comprising:

contemplaied dhah the RERSERIINVRNERIHTHAbPRERSSRIN I EedLARESte multi-
15preferred aspects of the invention. It is noted that one or more of the

ARG I STEIOHR AR thetRFAn oS ralre bl e hiiiorrlpRPasemPEs g sulfuric

RUIPOSRE Ot defeing docpresardiaMe o it isenatad -t fbistRiSrode with de-
introduced in the claims as an open-ended transitional phrase that is used
19RO A recitation of a series of characteristics of the structure and

should pelisligipretrd i likere Gurraseroastlaemarecepomenty 1s8ebde following
ogen-seaé’ndgd gr ambl terr%"comprising." MC S 11,P-19-CLAIMS 1. A
PrOvRLs PorreRoAtdRfig 10

Heaftidomponent electrode comprising a
silicon etesiradg bendednmanteleckitedy comsistivethacking-pateoigt electrode

rocess comprising:. 5 removing metal ions 'From the multi-component )
o0 By DB O ELILERE USROS vl bogaeid. solution
aloahakingeh &io fhoduito actd nyiking kUl wdd acicidyyaid gendresndids, rinsing the
rrédt\évcfl;[lclelrﬂ?pg rinsingn%h? n%ul '-con}g%nent.el ctrode with de-ionized
water; ! 815}%%%9 SHE BrIREre S UirREs fVﬁﬁlée’fhulti-component
electrode following 10removal of metal ions there from; and removing

<‘20ntami an}%g‘rom silicgn surfaces ?f.the ul |-comp%§1erb§c!]ectr de by )
freating the Pofiched® muftiredmpon&it Blectrdd& With Bifnixed adfiEbilitgRmprises
epmprisingehy drofRisticveatic, nippeoaditbtasetio-adith apdrogierpnekide, and up to

rinsing.the, t eq]t&g mjyi-compcp%ent ?Ietﬁ:érode with de-ionized water. 15 2.
C

T'O 1matei o SUJLUric ac volu . .
,&p[?rocess as claimed in claim L Wherein the DSP solution comprises

approximately 70-90% water, approximately 10-20% hydrogen peroxide,

: o : )
%nd up Jo @r%@égg( Al %ﬁ%hlngég 1/?1 2 a'JHf{ 't %v%gl‘elﬂ}/ tY)%lléchetﬁcal resistivity the de-ionized
water that is used to remove metal ions and contaminants from the multi-component

electrode is at least approximately 12 MQ-cm.

4. A process as claimed in claim 1 wherein:

the contaminants are removed from silicon surfaces of the multi-component
electrode by subjecting the multi-component electrode to an ultrasonic cleaning
operation in de-ionized water prior to treating the polished multi-component electrode
with the mixed acid solution;

the temperature of the de-ionized water used in the ultrasonic cleaning operation

1s no more than approximately 20+5°C; and
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203.A process as claimed in claim 1 wherein the electrical resistivity the
de-ionized water that is used to remove metal ions and contaminants from

the multi-component electrode is at least approximately 12 Mn-cm. A CSLLP
process as claimed in claim 1 wherein:_25the contaminants are removeM
from silicon surfaces of the multi-component electrode by subjecting the
multi-component electrode to an ultrasonic cleaning operation in

de-ionized water prior to treating the polished multi-component electrode

with theymaixgd A6l SYHHRP: density hredemBeIaiUELRed8NIZedhe ltrasonic
water used in the ultrasonic cleaning operation 30 is no mgre than

APFRRE SRIFDOE S VR epporximatelnd G sk povied dansyisfately 3.1

theaderartizeshptentsad ke ultrasonic cleaning operation is between
approximately 1.5 Watts/cm2 and approximately 3.1 Watts/em2 at

approximately 40kHz. 55.A process as claimed in claim 1 wherein the

olished, pritcomponanisiectaselistaatedRypmining the gleekafifient electrode
surfaces with the mixed acid solution. 6. A process as claimed in claim 5

WhEFBHRLRE WIRIRS O Strrdnce it B pirseds L Ap anhaien-

electrode and the wiping operation is executed while the 10 electrode is

held in a fixture and pressurized nitrogen_gas is directed through
sq(?owerﬁcéi’f?%%a@sesc@f‘ sHoiHRad &ibetidRetts pravdntaiprarenys electrode

thenpixed acihsalutiradnit:tie shawerfeadIassagesatior\ IBregeSH&S while the
clrime%in .clgliar% wherejn the multi-component electrode 15comprises a

Silft0HP e dtr o boRdéd o HFe e RtriOAT Wi A SmiAInish ddiggted  through
backintheldteasareteoilic sy womndugtivecguphitephased Haeking PiRtemixed acid

solution into the showerhead passages.

7. A process as claimed in claim 1 wherein the multi-component electrode
comprises a silicon electrode bonded to an electrically conductive aluminum-based

backing plate or an electrically conductive graphite-based backing plate.

8. A process as claimed in claim 1 wherein the multi-component electrode is
configured as a showerhead electrode or a ring-shaped electrode configured to surround

a showerhead electrode.

9. A process as claimed in claim 1 wherein the multi-component electrode is
treated to remove contaminants there from by repeatedly wiping the electrode surfaces

with the mixed acid solution after rinsing with de-ionized water.

10. A process for reconditioning a multi-component electrode comprising a silicon
electrode bonded to an electrically conductive aluminum-based backing plate, the
process comprising:

removing metal ions from the multi-component electrode by soaking the multi-

component electrode in a substantially alcohol-free DSP solution comprising
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8. A process as claimed in claim | wherein the multi-component electrode

is configured as a showerhead electrode or a ring-shaped electrode
configured to surround 20a showerhead electrode. 9. A process as MCSLLP
claimed in claim 1 wherein the multi-component electrode is treated to
remove contaminants there from by repeatedly wiping the electrode

surfaces with the mixed acid solution after rinsing with de-ionized water.

25 10. A process for reconditioning a multi-component electrode
COMBHARNGR STV R acHRHe HpRciath AN Alesticaly£opdNPMSxide, and up to
aluminum-based backing plate, the process comprisi removing

ng:
ﬁfé{%&ﬁ%t%rhot%esmmﬁfcaﬁfb&a(emlé@aP@ééwlggéﬁm@%fé—component electrode
Willhi-ROcampaneieleaitade itha dubstantialis@eghplfteeiBSR $MHANS at least
comprising -21 - approximately 70-90% water, approximately 10-20% )
W&FB@%@%%YO d&f‘gﬁawﬁ?oﬂaﬂpﬁmm%wi@% deniomiestivatsy Sommeximately
and sfasing the multi-component electrode with de-ionized water, wherein

the electrical resistivity the de-ionjzed water is at Jeast approximately 12 )
MO-crri SHAHHE (8RS BFafiFE P tHESHS. B JEa THHEF BB st e following
5200Gi1 of pakshingmneherenamsuriaeas Oftte sarticeopiRRRR is done under
electrode fé){llowin. removal of metal ions there from, wherein the surface
SORHD GSRBTHAED < IBStatialhy SO FoR TS orzct fritgprature of
preseriectatya mfRETauné ef appflximaelysa0F&ehand anailawdatation of the
ufficient to inhibit elevatian of the 10 temperature of the de-iQnized water
TR Bk T N Bfo AT s B S 1 The clectrode

confaryinants from silicon surfaces of the multi-component electrode by
subjectirré%qmenmlélgiﬁ%:aorrilgg)qgl%t electrode to an ultrasonic clﬁani ng el d
operatiof In deSioNIZed WALET prior 0 RG> politiefr ti-component electrode
foy li:bprpandnt eleltirodewithra ehixeddtSaaid solatonicoryrisingperation in de-
hxdrofl orlflaud nI%I’IC acid, acetic |%%gnd \%ater and leaxtrlr]esm

; , he |, :
(R hETE TR b ORI B e o TBH S S RRIBF WA dfeith @ mixed

tampechitice abtherdeniphydthater usat] mitife adtidasenitccleahingd water and by
operatiop is roximately 205C and the ultrasonic power.density of th .
O B e SRS horin e
approxitate lyf 1tbeWdtisiom&lamc20aperbximttelyuBraswattsétbmiag  operation is
PP app W p
%BBFS%:[H%&I@%V f(gckgdé and the ultrasonic power density of the de-ionized water used in
the ultrasonic cleaning operation is between approximately 1.5 Watts/cm® and

approximately 3.1 Watts/cm? at approximately 40kHz.



