METHODS AND APPARATUS FOR WET CLEANI NG ELECTRODE ASSEMBLI ES FOR
PLASNVA PR(§%S NG APPARATUSES BACKGROUND 5[ 0001] Pl asmg_processin
appar at use az?{’égﬁﬁ;@é‘ﬁ to process substrates by techni que CIQII%’I’I?MPIﬁg
et chi ng, physical vapor deposition (PVD), chem cal vapor deposition
(CvD), ion inmplantation, and resist renoval. One type of plasma
processi ng appaETEHODS AND APPARARU F@EM’HEHE@%&G@ GERODFon
chamber cont ai ni néASHFPBLEES FOR PoASMAPROSESSINGABPARATUESES el d i s
establ i shed between the el ectrodes to 10excite a process gas into the
pl asma state to process substrates in the reaction chanber. SUMVARY

[ 0002] An exenplary enbodi ment of a nethod for cleaning a backing
pl ate of an 15el ectrode assenbly TBACKGRQENR processi ng apparatus is

i ded,  whi ' tacting the backi | i t.h | vent
e vt i . OB BB oS AStarel sk e R ey SRR BFiauEr os
from the out gichidinglett@ig, Rfsahl Vot MPoYIBEK (VDR Lisdnd c MvhpbrWRb&itidnO

renmove particles fromouter surface of the backing plate and
particles cotfeViPhéen implagiaiopaand aepiss removiah OmsatyRe ofp!psims processing

ul trasoni cal | LAG. I " flushi.ng.the

backi ng pl at éﬁbﬁ%ﬁ%&é{ﬁﬂ%&ﬁ&? %@%%n?lﬁd% afarl%%snﬁﬁggal?lﬁf ﬁ?t@ﬁ NeatPPer
encl oses t hearsbeitomgel@itraties. tAm ¢leottiy Belp & dstabligied bemreeh R eDidtrBdes3sr f ace
of the backing.plate and Parti cles contained in the gas passages of

t he backihg f}&%}?él’r%ﬁcﬁ&f o, the plAsHPe S1aF ta pERsassfuhitrates 1y thegeacsen 1 or

cl eani ng an glagkf 0ode assenbly conprising a backing plate bonded to
an electrode plate for a plasnma processi ng 25assenbly is provided,

whi ch conprises contacting the backing plate and el ectrode plate with

a solvent and w ping the outer surfg&m&ﬁe backi ng plate and the
outer surface of the electrode plat ve particles fromthe

outer surfac@eonf AhexdnasikiyrRgmbpliateat @ﬂidnah@pfo%eléeniﬂg abackisslagiohgh t he
backi ng plate with water to renpve particles from

t | d
the out ef?é gu?ﬁF%{;’ Egﬁgl% fY(?eng%Elﬂffﬂ@PfﬁF%ﬁﬁlégQWM@&VﬁQfdeWbichp@pré%
particles CO&Hn@dcﬂﬁ?th'e'Ba&éﬁg Iﬂlﬁt%%ﬂﬂleassoﬂfeng 4 \Rﬁ@%‘tﬁ@mﬂ%{%ﬁa@e’&t

el ectrode pl ate; trasonically cleaning the ectrode assenblIley; and
f 1 ushi ng t hebacking platoidacmeweprntigies/frdn the duten sinifave; dprayingthe backirfg pigthi ng

fixt t hat I th | ect rod I e e particles from
the outer ot Fagal Brrebiile Rafiar 65 oliRe SifeY of Gebriune phaew Bbces
particles cofntdimddn gik pab@geast tRASSREE ladd; ulthBoladdk ManRlz I ELRRRg

el ectrode. pl ate. . ) ) )
20 * plate; and flushing the backing plate with a flushing liquid in a flushing fixture that

encloses the backing plate to remove particles from the outer surface of the backing
plate and particles contained in the gas passages of the backing plate.
[0003] An exemplary embodiment of a method for cleaning an electrode assembly
comprising a backing plate bonded to an electrode plate for a plasma processing

25  assembly is provided, which comprises contacting the backing plate and electrode
plate with a solvent and wiping the outer surface of the backing plate and the outer
surface of the electrode plate to remove particlés from the outer surfaces of the
backing plate and electrode plate; spraying the backing plate and electrode plate
with water to remove particles from the outer surfaces of the backing plate and

30  electrode plate, and particles contained in gas passages of the backing plate and

electrode plate; ultrasonically cleaning the electrode assembly; and flushing the



5[ 0004] An exenplary enbodi nent of a flushing fixture adapted for
cl eani ng ing plate, or an el ectrode assenbly including the
backi ng p?gggﬁéwggﬁg el ectrode plate, for a plasm proggggpﬂﬁwmnuns
chanber, conprises a base plate conprising a recessed inner portion
i ncl udi ng an upper surface, an quter portion, a |lower surface, a

plurality of clerlFrdedsssmbbayith 2 Sushingdiavid we fushimefraura fgbenciases thee and
the | ower 10 fi

backi ng pl at Searod iembl}o dBRsle AR ot B b LR LR ERERI o
to cover thealbdetplapltednd patiloles batkiheinthagas passagdsef tiieddekiag satbl y
IS supported OCQ t he uBIoer surface of the base plate, the cover plate
i ncl udi ng at LS8R BIG qui d passage through which a flushing Iiquid
i's introdsiceghgodf OAARXeRSIRN eRibolimenhsr 4 BTkt X4dpied Hedit y the
base pl ate St ‘_l’%ver ’i5’ﬁ%| J o e e T At o ltﬁl?gguﬁh gas
passages in bar&ingapdate, 05 applacteode gssembhoinghdiga theducking plate andtah elebtiodei ng

| d el . | d_exi h
Pl s gt 1 xPoieh B & pBlsh Brobsstabieninb L0 R plore AprigigS "
DRAW NGS  20fedéx8&d inhér@ortionshcludingin eppeipirficy, sawhed bomioh, Obwer furfdsd)i ng

fixture incl udf ng. a cover plate renpved froma base plate. [0006]

FIG 2 shomsaaufag‘ﬁ)” AU ERASFAZES GNtEingrbetRen Baesepppt sriacendithelomenshi ng
fixture o] i t

per spoct ?"Je“%%ffév@@l?#%*’ﬁéf sucface confHEl 1 bpor IR Er Bl B lesiofe
in FIG 1. [@Ba8blyRind.acdvetmate ceniguivdrio exentiicdase pate adiendretbacking
flushing fi xtIU{e ipctl uadi n%g% cover gtl gte securedflo z% b%se IE)I ate.
[0009] FI G BEeOr gleCirgieassembly i5 suppoliedop B URPHSPHRSS: PLke RasePlleyRi ng
fixture S_hO\MSbviei_‘lplEtleﬁclddiﬁ%‘lat%hsﬁéﬁqni;ﬁid%sﬁg@ﬂﬁ&dgﬁﬂvlﬁ&ﬂ fahik 1Rfuld Rde
assenbly inc]uding an 30el ectrode plate and a backing plate

posi ti oned i WEPENcednte printenigs pf the flushing fxure defipertloy thebase péate andscover

Cross-segdio ' ' f i i %g: h in

F 1T an et At Ryl PhlsAtuBlol 08 phonlB iR et il 8 Ot ode
assenbl y posthtdugheges passigeeindhe bavking plasharmage]dckrstieiplate b DieToMctrbi:

DESCRI PTION [0011] t hods .of, .cl gani ng backi ng pl ates and el ectrode
assenblies f e‘%?]lé’saﬁg%b‘rt% & £10fhing g’ﬁb‘&rt Hgb@eé‘%@d@“wgﬁéﬂl?he‘lbﬁée plate.
backi ng plates and el ectrode assenblies can be new, used or

recondi tioned. Apparatuses for cleani n%vthe backi ng pl ates and
el ectrode assenblies are al so proviRRAWING®0121 During the plasm

pr ocessi o] m ELo g L. AL ze
Phe numbar o 0bar Ve shbet ardeblefl fodihele 3y SRR E Sl A ER 70,
by chanber cavpoplaersno@idhnpabdseplats, referred to as "adders," can
deposit on t u tes and consequently reduce process_yjelds.
100131 Pl as n@s?)@oﬁbg ?ﬁﬁomﬁ?ﬁé’?@ﬁﬁe Piewog e bese Eu‘ﬂﬁ&é’ff e %Ebﬁnsg"éture
assenbl y andshawh3IsHiTst)r ate support facing the upper el ectrode

assenbly and havi (r;% a_l ower el ectrode. The upper el ectrode can be a
shower head el08@Tr dd&. 3 sk@ran Bottofroperspreting view shHibaertee aliteedfdlng flusbing

assenbl igs of particles. Such assenblies can include
an el ectrodgﬁg}lltaét%gag%%&ﬁébki ng nmenber, such as a backing pl ate,

secured to t[9808j edGr ddisowd abther dleenpirg embadimend cdtadludhidg iamké ng pl at e
can have gas. glgé.sages 20 throu%h Wn{ba;h f)rocess gas is introduced into
the plasma procEss r‘f@""ﬁlﬂ&%@f‘.ﬂ q‘_Fﬂea ERI%fy plate can be made of
graphite, fompoeyaniges i@ @B&Lge&idnlm ﬁ&b%&*?wﬂtmn %Pfh}e fﬁ&@l%l_ﬁgﬁkt}u}é ﬁow(‘jn'he

S e

el ectrode plate can be made of ilicon, for exanple. e el ectrode
pl ate can benddddetn angssentbleskesrilitign plithtan electrode assembly including an

30  electrode plate and a backing plate positioned inside of the flushing fixture.



[0014] The el ectrode plate and/or the backing plate can be a source
of particl particles can originate fromdifferent sources
during the&M?ﬁﬂdﬁ ring of the electrode assenblies. ’E%W@,s
the particles can result from manufacturing of the graphite backing
pl ate, pre- bond| ng contam nation of the electrode plate and/or

backi ng pl at #010heFiaikds Agrosi-erctieral viewrrilainagioard thenlushingdixame shown
cl eani ng, an I

G aphi 1e or ey & e st DR ERE RORORNIG DS, bty
particul at e peaticawd natdeed therflushieg Siuntaces of semnmi conductor wafers
during the fabrication of integrated circuits is essential in
achieving reliable devi ces and obtaining a high yield. The presence
of particies on a wafer surfaqerEANLEPPHICRIPTIONt pattern transfer
during photolithography and efching steps. AS a result, these
particles calfOilh r Mgthoes eletleaning biapking plaies auth¢ledtrode assembliésrfot pldsrmey

gat e structu iele

i nt er connect ﬁ%?ﬁgl?@%ﬁé]gﬁ%al%%% Hr{lu E%ﬁ?bﬁ%ﬁ’?%?‘}mﬁ a[fdf’;\‘%?cﬁﬁoge gjsemblies

i ntegrated céanditinews 0sE @R erbaditiodcdd0 hpbarkka Teede it PatkiRifiassanar
provi ded that can signi II cantly reduce the nunber of particles on

upper el ect r Jadrods sssappliessre alse proxded nower head el ectrode assenbl i es.
Enbodi meqy s h

late of o MPLH DR e Bl Rl pRE R Sl ke Eh RPN RS 112G e o
cl ean the lomhmmlzed@nmenﬁpgmlmhmoﬂmgd @t e plasme gecpdsatgachamberrbgd

to a backing te 017 odi ts of e et hogds can he u ed to
cl ean new, u%@a% ?Cof@o&?ﬁ% ﬁg‘% PRHIS rfﬁfebrlegioe%; g& I3 ‘éa&tcﬁB?Fé Con th

assenbl i es. ﬁ@slﬁﬁ&@indb@ﬁkeﬁﬂnﬂyﬁeducé’lﬂdcesb%lﬂsng pl ates and el ectrode
assenbl i es have not been used in a plasm proce55|n? chanber for
processi ng @M Yontiaeraproesseiag phanghers cap dusdidelsn aRpa§lqsiradwassemily and a
el ect rodg; as nber
For procosel o ete BRER AR5 URhtde U B A ORI I

pl at es and eTlB?cuppaddecamdenfm bmshbmmehxbﬂentmﬂedssbmb@ fur agamaplpr oce55| ng

oo han e BTN PR S RPLEL O S HORU o SR eShophaSs
undesi rabl e ﬁﬁlﬁﬂ@@tﬁel@&fwaﬁ]a[b?dn'd%rba@lﬂﬂé RlemB 5iRh%s 2 bHasiGhEHI8te &c&ed to

bl ack silicon, or 20 uneven surface regions, formed on e bott
(pl asma- expodeglcuasiemizie Bie qlepirods plategnd bhaking plate cpi have gdalpasn@epl asma

he d I
B port o or Mg Wi Groel PENHERAREA Rl R BBy SRl e

condi ti on. Shdckingplatd @atbeodae pf gﬂaﬁmta;rﬁy ekemplel Gedphitb Bdelatieelpsofiriide
tinmes. [001 the el i‘rg lgfi of .th eleb{rode ssenbly can be
conposed, for'2%e Frodppiagigap BH’aEITJP &irgde plate

silicon) or &hlbe®oRdedas HedRekilgplaRl ectrode plate is typ| cal ly
circular, and can have a dianeter of 200 nm 300 mm or even |arger,
for exanpl e.[08H eThs@lectade plrigradenthe haskingplgte can b%lbiscequemfmhﬂebs

such as 0] 0 cki n ate n be
comoaed § orepiticlth & olifta sARPHHeintyolites IR KL MAICH R |
typically meﬂmtﬂodc asaxetdblsaszé‘dr éﬁntpdb trmpasiRpoash mﬁlhﬁbxhenz&inmmrﬁgdf SI ze

of the el ectfrode e eIectr de assemnbly n include an outer
el ectrode, SUTH aﬁglt%‘?cbﬂ Fatfi’ Pifgbo H’lngB{!Fﬁ’&FﬁBmﬂ ﬂ the eleetrodsdate padiey

and an out erbal@ﬁﬁgpmge ﬂerﬁaﬁamg5#&&sa1§anaﬁngw{d%su?ﬁa&h@&aﬁlhggand
surroundi ng the backi ng pl ate. 0019] Exenpl ary enbodi ments of the
enhanced cl aalﬁk%gﬁgr&hﬁ@aelc@aﬁan matg@mat(e -egraphiteng mietals)omjorganicour

st eps. ﬁ g the backing plate only of an el ectrode Sassenbly,
t he backing p ate |s cleaned with a suitable cleaning |iquid

cont ai ni ng d0015] Control of particulate contamination on the surfaces of semiconductor

wafers during the fabrication of integrated circuits is essential in achieving reliable
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sol vent, such as isopropyl alcohol. The backing plate can be i mersed
in the cl e\%ni n@ I’iqui d. The backing plate is also wiped with a cl ean
room cl ot NWORRE%¥ Y ent can renove organic materials f r b VeS8 ng
plate resulting from manufacturing and/or processing. 10[0020] After
the wi ping, the backing plate is then sprayed with water. The water
used in embod¢Hiessead gbtainmng achighayieldg The preseitse iof pptielteembvplenisyiacpgan t v

dei oni zed wa : i } se t.ed wat e

or essur o and Aty S8EpERAEN B8t (BRI MBI Ry SR AT ol Haa ) can
be sprayed f msulg thdse particlepem intodice Hefers intaerititabitatres] Btdhi gard
parts to achieve the deSiF’i d cl,ea]mi ng. New, used and refurbished
15parts typi SHCfYes Mieraly g'élf"%r yersermeHlieintarennegt lines, apd eause the
sprayi ng, 5 t hgalfaedGoR 9r Péilﬁfe?of'il%cg}ht%ﬁ@f?&ﬂﬂ &@p'o){exﬁé.eaned inaliquid
bath. The ultrasonic cleaning IS conducted at a sel ected power |evel,
t enper at ure ERE6) oEnkncek deaptngwactberisand profided tiret dao sigpifastlpedideahe s

fromthe backi e liguid i referably high-purity,

dei onzed wat @% .iE T Eﬁk§£@F13%Q%Weﬁgle%@$3?w&ﬁ%?@fﬁ S?%%H%ﬂc?édr%
parts typi cahdsymbless. BenbobinfeasaiTiteahdtiiods ceabedsel @6 ciRas iy iRrbabght 0d of
time than used or. refurbished parts to achieve the desired result.

Used and r ef PiRtsiof A glepiasdesssepiplic SPthor ambodimentsessbie@asd tp clsansheed nor e

th ¢ j i .3 f] ushi
Xt ur o s o Arante EAErBRARDG, LA Bl AP EL AR EEhadlud A1 1O
utilizes a fl00%%i nEmbodjoients af thamethoss adreltk ysed Radléad Hew, REdoresferbished
ticles f it hi f the backi | at d/
Bl ect rode pl HehsR B eibiafartudion: 85 asporsdbde ey Srkeeniis
assenbly i ncdddciladerode RAGKHING Rl PAR bEQAKESH 4 Nasith ﬁb@é&s&i{:ggﬁmﬁ’deﬁhﬁ’ the
an

cleaning with a solvent and w th deionized water, e sprayi ng
wi t h pressurpreeassigspaniconducipg substratgs; Sussd thaskinglates and elegtrpdmsassemblies

sur f aces; of acki | ate. [0024

Addi t i onlaﬁo ali%gé’?és"%%%a @ﬂ%@%ﬁ%ﬁr@gﬁﬁgg 8%6“?"&59"?#@?%8%?8%#%“ US¥scri bed
wi t h ref er enmbsttatest el ‘rbfarbished” indcking peatannt aleytralsesknittios hofe bath

el ectrode assenbly includin silicon electrode plate and a

graphi te or WEt 4 a?lés.'@"?‘ Proggs ﬁ%b%ﬁﬂwsﬁg&i&@‘%ﬁﬁ?rﬁpﬁﬁ%n@@d to
the el ect r odge Bledkdie phie Hﬁ%ﬁﬁéeﬁ%t@l‘beyremal%a\!\@.g.?Folisﬁg&%'kefﬁ?d%s of the
cl eani ng nethods can be used to cl éan backing plates prior to bonding
them to el ecindsseabls syrfaeg coatagninatign apdpr sirfaeetivetnry e, dlacksilebyrornum 5

backi ng at , C be used,fo cle a
graphit eﬁbac [ ‘r’n%r{:p faag ée(i%g@b %rf%ﬁ%% Oggﬁ‘gg%%gd@%mg'e%‘P?Sieg)osﬁlréFee@}P%de,
and then to slii@nrlctredapiathdushephsmagroaasiegblye aftire€bottdres@rapbi the
backi ng plate hag been bonded to tgg_l ilicon_electrode, The cleaning
renoves sur f‘g?f’ 03%1?][%}60?%@1%%?9\%'@0 e%aﬁi?mévré@eemw%hed, Herpading
passages of doigs RadiibRISItat Sedifde plRGin rPfuitihed IR oPRAbIeltihES

between the plates. The 10 el ectrode assenbly can be new, used or
r ef ur bi shed. [0pHRI25The|algctrpdg plgte of He eddcbode snidy sentd gommsed, faral | y

[ t f . h | ect r od Ly is. ted with
2 sorvert,  peRBleaft oy Wkl B8l RRe L ie@NB i elith g

i sopropyl aleaaiobe platetihgypidalp circite, fldaah hode AS8E8I00H2005nrh! BaLEE, or
(e.g., imrersed) for_a desi reﬂ, anount of tine, e.g., about 5 m nutes
to about 15 %" _%ﬁﬁtf@gf"aﬁf’é&s & elRsirods atecarbavsiany suitahle thicknash.tsech
plate are boihrom Rt 928 h B HbRAH fn(?%%h&éixgg n;%lﬁe !’cﬁf@é’é‘oni}b[s%cgggr]

contam nants including organics and human c am nat1 on.

Pref erabl y iofagiple, efsgraphiteor elamimwonThe beekiop platwis typliedly coddapdndtsized s
d it i i.oni zed t |.ect ed
orcosur ¥ 1 yio BoaRpBa R sl A958R ERE MBSl e 1B HE e migmiY o

the |ike. Typioalhideantoher slettraiensueh ecinr ader rplgaduerouading the electrode plate,



sprayed for at |east about 3-5 mnutes, the graphite plate is sprayed
for at |least about 2-5 mnutes, and the silicon electrode plate is
agai n sprayOFW¥HEUE | east about 3-5 minutes, for a totBFT/Hy2007021428 ¢
about 10 m nutes. The spraying is effective to renpove surface
particles fromthe silicon el ectrode plate and backing plate, and

al so to 25r eR@ QHgribaglieg memherafurhds pm eutgebasking iag guropadisgties of
these pl atesy, LO AtcPreferany in a Cass 10 clean room the silicon
el ectrode pl 3t Wi ped with isopropyl alcohol/deionized water until
no cont am naf00d9] i Examslbtylembodinidnes ofitieenhdived gleaiihg inethbackdinigclpdedte
is also w peEF wi I h 'llso ropyl al cghol / dei oni zed water until no

cont ami nat i offa5tdhsolpying 1oty staps. hprsdeapnsgithgbacking plate enly phanelperode cl es
on 30t he pla i he
el ectr odej)as ésg%gllﬂé/pfﬂg %%cr}r(?rlr{sg‘ra‘ge %l)ér%yagh@ﬁﬂl géggﬁl%agglﬁﬁqiﬁlﬁ%{nﬁ%g b

dei oni zed wasadvengtsuch dsasqpeopt akcehodf Thbbacking40:&60M@ Hedmnedbsedtin thet o

about 20 mnutes UW.trasani.c ¢l eanin empves particles fro e
el ectrode asglg%?%%q'{@og%] baﬁ?‘é‘ﬁ@&%‘gﬁi’sf) AYIREdcY %CIE‘BUGBm(ﬂl‘%tg]n&F%om
the el ectr odgolnth refod@dighnis RI2BYAR Hint the Ba8BA AV @Y RS gdREE | bed

above using deionized water at a sel ected pressure, 5typically of
| ess than abBapufsguing andiy pracassing: the silicon el ectrode plate is

sprayed r a L3 i : r ife .S sprayed
or el 100, PogbtAhe ROy IndBalkhE Bl N AR P WAk i RRFS
agai n spr ay euseflar erabodimarsts ofthe vleaidn®meihods © preférally aidhohity @fiofiked east
about 10 m nutes.,.. The w¥é$ is.effective to renove surface

particles frB8AcEhEESPR piedain ssiested wat PrRssue Al tor ap effeckive
also to 10 r gARMR oPBht] N j IS

t hese pl ates. 0031] Pr g%e?gﬁfty)i_ﬁhmggaéﬁ ngﬁ?g@%lrggﬁoﬁg%@@fﬂgﬂﬁém%
el ectrode asewfior efurbishetspants tearhiqve thefdesisdsd elepninigx Neme nsedrand xefimblished

enbodi ne o] . ' ' constructed to clean an

el ectr odgi¥ asé%%ﬁﬁé#lg%p%%%izﬁ?gé %ﬁé?%"eof an el ectrode assenbly) is
shown in Fl G0021] tAf& thd fyrafihg) $it bagking ylaty ie ukRssiemly ickesePinRafRid! at e
20 and a cover, pl atlg 1550. FIG .1 depicts the flushing fixture 10
with the covdhpfhgutragnicsigspmg is eandusted grselectedrougrdeysl.demparaturas a

ci rcul ar coniﬂdqum;éfpéaﬁamnmma@ﬁ)l@ N icléyfr{nﬁﬁ?e b%%ki%ggla%e.' r

surface 24. The upper surface 22 1 ncludes an annular tirst~projection

26 and an ankquidis pseferably highopwity, dsion28i Watemt B stepéaalbeperfotmurmorer om

the firsf, prgjection, 26. The.upper surface.22 incluydes centr.al

[ aui o pit St Gt bl hidS 5t S h-atimisay 4 el s PairepopRt s ges
32 | ocated bhewrn ubdicoriréfuftishpd Pireah iactileviGhabdirtdessle CORd AH0] ection
28, and a pl ura%i:%%g/ of circylarl )f-spa_ced | iqui d passages 34 | ocated
bet ween t he €BEBIRRFdRaEs bpicely asaltasaniss|yoieased pera hanoms: of the base
| ate 20, why A ] ' '

p 008215 UTHEWdgiRg biae: ik BRE FlehRialih 9%&&@@5@&@%&#@@%@? he

alignment holes 38 are forimed in the outer port

el ectrode asdatbbejow.nthaitishipetihdure 58lizes aribvdisngliquié a7 dedtedpressure to

ggdieg' ZL%S OP:t%gagbgﬁmﬁglgé ﬁ{é‘wi&?' gagpg 2365 0 1%babBng Dt asb! 9% 0L 3t ©
plate of an electrode assembly).

[0023] For an electrode assembly including a backing plate secured to an electrode

plate, the cleaning with a solvent and with deionized water, and the spraying with

pressurized deionized water, are preformed on the exposed surfaces of the electrode
30  plate and backing plate.

[0024] Additional aspects of the enhanced cleaning methods will be described

with reference to the cleaning of an exemplary embodiment of an electrode
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[00321 In the enbodi nent, the base plate 20 includes handl es 40

provi ded on the outer portion 36 to allow a user to transport the
f1ushing fWVA848Y3 For exanple, a user can grasp the ?ﬁ'ﬁﬁ?zé@mﬂﬁz?o

position the flushing fixture 10 at the open upper 30 end of a tank
used with the flushing fixture 10 for cleaning operations. During use
of the fl ushrisgmblyicipding psiligors glepstaripiplateiand iadrapbite or mbfiabyle-goahineipym)

dei oni zed wa I [ he,f |l uid.passages .30, ,32, 34 of
t he base pl a@%&%%ﬁ%h@%&?}ge@ﬁggﬁﬁﬁm eﬂeﬁhﬁ,‘iﬁ plFtﬁ‘ ?‘ﬁ o 8%?%&,
ci rcul ar | y- shacadr, lcaibotiemntsdf dfeelqanivgintkiithde Garl beused tedleddMakkiap pRfes Of

t he base plate 20, Egch of the |atches 42 includes a fastener 44. As
shown in FI Y to bppdingthedq elgsirode platgses-g» gEphite kacking plptasor ehuminumne

| at ches 42 dgacRfle 1088 110%)91 Qttl?e[cﬁlet%rish:_ia_ﬁﬁe e Gh El%?rg% gﬁg@%a\é{ﬂﬁg

supported on the base plate 20.” 5[ 0034 e cover p
fl ushi ng fi xplatedefde 8hohmmdedtor silicod elestrodenfndythereth dzaincbese the diectids e

plate 20. Th raplate 5 onpris a recessed. i nper,..portion 52
sized to OVG%S%}'Rgflﬁgﬂ?rntﬁ%graB@l}efl?agﬁngpﬁqu,}@sba@gba&ﬁgq @qg‘?)s,lhg’ﬂoetl%ﬁtfo%ter
portion 54 afieptlesitgremsess irfidipatitiddias PRl tab Fiﬁi@l@s Sintding iRaEpRLAREE
20, when the cover plate 50 is installed on the base plate 20. The

cover plate S0bh¢ hedkingadate prdysiersiede plates amsipartiolestbetvrsh thetlaths. i Ehesi zed

to be ingert j ' 'gqgﬁ - le 38 in the outer
portion g,% o?g%rhjggg%sgrgﬁgl at gg%ﬁ’vﬁé&n t ep%%vg'r plate 50 is placed on
t he base pl al0823]0. Infitadlyathe glectende agiembl 566 viauslynngfeeed tirydefsatde of a
soft, flexi bh]g @ﬂt,ﬁzr]é% ﬁuch pol ytetrafl ugret hyl ene (PTFE), or
the like, tol®8¥i d'fmieeGadt esemblyds e 2 Wb pyefertbly Rydvaersitmt e
50 al so conpmias@sved: tRhitéakditidg Bﬁpﬁtﬁl'a%h& o thd eMBGe et a%%:b?rgﬁlf s

: ; I
portion 54, each being configured to receive a fastener 44 o atch
42 to secur elreatd (8 gvanmgrsad)dorndesised praouys obtipeat @, #0ut § GOBEs tT hlsout

[ [ . Q_jncl t | t. L.iquid
passage. pr oPar iy P EGHEhecelt fa ol AR o G hictRvely £
flushing |i guleath rosmictuth hdemede sunface ¢dneansipateinbRIbg @Fgahlte ahd@han

portion 52 of Hr]rﬁ cover plate 50 and the 20 inner portion of the base
plate 20. 1 P®8i ment, each of the liquid passage 58 can be

connect ed i nob i dreRARLGALIERN 0WMdah rédns SRAGRS ehécﬂH&erlz?ﬂé@@%ﬁa}]ehne'

[0036] As shown in FIG 4, the flushing fixture 10 1ncludes
encl osure 60V PHENGUBUSHISIRNNIBE Witeswal dlsdectsd fréreurcoppisallyf efdess3ganof

t he cov pl : . 4 nclude single .fluid ssage
64 for gjgnne%%?toﬁp%sbg%%uﬁgg%lgggggﬁﬁg h}(gnty‘ﬂ%atﬁlgﬁ@ﬁﬁl&?fﬂ sleqtrods ﬁraﬁ S
liquid to eaphayed farhelehstgboul 3ganmmes sthd graphi®ORAAE is'; df@rat Rastlabot 54
of the cover_plate 504 gl_,des a circular groove 6 FIG 3) and an

0-ring 68 i msertiRH And He sifeomelectimge plaieas 28ain shayed)for pdeageahont béd
bel ow, the Onimifte B68a RENVF SQEasPatdRE B mirueat gg??r?)ﬁg% WesRedi&o 9&?% ®n

plate 50 and a portion of an el ectrode asse I'S suppor

t he base pl suEacapajiirdes frdvetieGdisor clepradelf@andbasking pktk, and albetobase
plate 2 [ e.20 d cover plate 50 are nade froma
sui t abl gzsmal?r g’%lglé‘f J{?ﬁggﬁ%glta@gﬁtﬁ%fcﬁbqf?%ﬁaf ﬁaisﬁ%e%rc?gkhgﬁ Igf‘tgs'of el ectrode
assenbl i es. [DR8) [Arefemblydd a Giassadiclamtioon, i dia®a ekRbd e aWipe@ver

pl ate 50 are nmade of a. pol ric material, such_ as polyetherimde.
Regar di ng th e opy! élceg‘z‘ﬁéﬁwéd Ve Hatdl N EopRmiNFEORSIESIbIE optirrewipe.

sui tabl e matEel @dphite backing plate is also wiped with isopropyl alcohol/deionized water
unti] ne contamination is visible on the wipe Wiping removes surface particles on

30  theplates.
[0029] Preferably in a Class 10000 clean room, the electrode assembly is

immersed in an ultrasonic tank containing deionized water at a temperature of about
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[0039] FIG 5 depicts the flushing fixture 10 with the cover plate 50
secured to_t he Sbase plate 20. The el ectrode assenbly 70 incl udin

the el ect rB@SMYUBH372 and the backing plate 74 is supp'%ﬁ?’%%?“?fr’{’zi‘%%
base plate 20 and enclosed in the flushing fixture 10. The el ectrode
plate 72 is bonded (e.g., adhesively bonded) to the backing plate 74.
As di scussed4&i58%e formheutS|te abqup 3@ mirmtsesnblltyeserin clsaningremayssephrigles from

r ef ur bi shed. plate 72 can be conposed, e.g., of silicon
or SiC. The ?%Q%§CE§%%£%ﬁ§¥é 74 can be conposed, e.g., of graphite or

al um num Th{08DECcPrefedeblpin 4 ORsel (MO0 cleaierodss etedlactréde slam i Al yad
outer electrode, e.g., a continuous or nulti-segnment ring, configured
to surround PHE28PEYHBabdssripdabovensimgsisianiaed Weksnabs sedestpdaressure,

i ncl ude agri pg; i uagd.; | : i NgS
of the el ot Do anr R A MouEs 5B GG, RERICROSRLAE shfe s i 1o
flushi ng fi xfaratledd abidut Becmumeest the graphigesplaty b spadykey forncleasiabant2ys a
smal I nunber of hol es.or..no holes. That is, the.rin of .th

el ectrode anall%ﬁ??kﬂfglhﬁﬁlhﬁ@req%%rﬁa%@a !léﬁg?é‘hsﬂﬁ@feﬁéorégi%“@o 95 st eps
of the cl eaninigeiiohadealdfaelead: BBt U6 iliButbd) eTHe!sHminBTs Eftcctive @ rehBR40]
As shown in FIG 5, the O-ring 68 provided in the groove 66 in the
cover plate Sufasepurtelesiramdhg nheoa efstrode plafe and backingddatpland @lsgto (i . e. |
a surfaceyth j 4 ) . gﬁﬂ? e e assenbly 70
is inst a?? ed%dvgpgﬁlgggg&hﬁ%g%%gg%g C 5%2?3&%0@%&%{%?' peri pher al
portion 78 of008he PBilefratipihea Glast ¥ cléinaosinfthe ecteodeiasisimBhyt ik glstalis€ &l a

between the el ectrode plate 72 and the outer portion 54 of the cover
pl ate 50. Thiushing e AR XFrEplpyy *?rﬁ*mqu%’é og%%aélg%aé@wal@ qoRstryctRddo
conmmuni cat i oglei delbWolE kssEABlyRASSARR o Bt g :

25[ 0041] To cleean t he 0eI esét rﬁlgg asseﬁnlgﬁg%%éot,ﬁa{n%gec?l us S%%@ﬁgﬁ?‘% S

i ntroduced amHGgh! torkeskheflushing §xtureel & ¢omptmisescn Hasx platec2 01:@id tatvowergitate he

| i quid passa in.. C t Q.and flo t Rrough th as
passages 5o 1 e | P bCREREna il 10 iR e co Bt g HT adn?
passages 82 illnsttiel buselprateydOrigs baikilagopfi@irstiofdend Eypbesds lail uppdd Surface
flushing li q#l%gf s, dei on%zed wat er. The_ fl ushi n& liquid can contain a
sol vent, suc HloMebHraes 24 alhegipaer sunfaes 32 ineludsesgn|angilprfirsteprojection

Lypi cal |y 1 Mg SteCHndhr SehldRsiifions 180 ra i luiata B 1 dbow rate

of about 5-10 gallons/mn. The ushing I'iqui an be at anbi ent
t enper at ur e prejeationn?s. eltewmpercsut faceid2rintiudes,a ceoicdl ligsidglasage 3@ -aphCalitfhe

flushin luid.nreferably..is.not recikcu ed. Preferably,.particle
filors 7L, foBng Rt il Mlsade 3 kel biiomn MBS HRercioRoad ¢
remove partithtescohd projdction £8,ual b pUrAlitg of elrcul2048hceRatghidglagag&ont ai ned
in the gas passages 80 of the el ectrode plate 72 and/ or 5backing
plate 74, anIGC%S‘?]{"?tE’F@sth? pesppbpropetiolethand e outes perion 86 of thedaseplatad

backi ng pl at : ' o] i - Ny . o
fI ushi ng |iq§}i’g‘ﬁ’ i e inhel oA 3’3@“%22%%3"&?°§58’,“@'H§ﬁ&5@% 3
bet ween t he @t &omeddethploateepdtiondl bddici hghpelactmdzdsseifibly itluding tig

liquid then fl 0 f the flushi ixtyure ia the |iquid
passages-30, el%‘%‘%%ﬁﬁ}enﬂ g an ﬁlﬁg?rfybr&r%c%‘ﬁg 8 F‘tet %%&Beésﬁ SB‘f“é‘?Jeto%? As
shown, 10t heeledt@at praee727is Sgipbityd didthe bageldaedo.on the base plate 20
with the electrode plate 72 facing the cover plate 50 to all ow

particles ref838d Intbmsmbriingen. the Bass glate Hbingudesfandlesdd proyidedpathe 72
h | f
o e 1l e 5 e B2 A E R L

the el ectrode assenbly 7 ase pla

t he backi ng yentas graspfthechangdles He taposition theaflshimg, fixhae ¢@ aprhe dpenl upper

removed ’de Onér;[dho? a 94k REPR AR B f?uzshing fixture 10 for cleaning operations. During use
of the flushing fixture 10, a flushing liquid, e.g., high-purity, deionized water, is

flowed through the fluid passages 30, 32, 34 of the base plate 20 and into the tank.
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150f the backing plate 74 can be trapped in the smaller gas passages
80 of the yde plate 72 and, consequently, may not v
fromthe eﬁggﬁé%@gﬁ%l ate 72. [0043] FIG 6 depicts anot%‘gﬁuéﬁﬁ%fﬁ%nt
of the flushing fixture 10 with the cover plate 50 secured to the

base plate 20 and only the backing plate 74 of the el ectrode assenbly
70 suppor t ed 33k hin tha swbedimert, eirculariy-spaged latphss 4R aeemrovided grothg guist er

11ng 84 15 PhabeSelof o BuE/ike 30 SBIchAetheqlicAdiANAMLY AhALLas Y8
protect the Surface. e a ap%er ring ¥ Reruges A groove sized
to recei ve ashoaingedl@el,itizhetchés LdgepBraly tehessaloahatpler lafghey 42 do not
portion 86 of the backing.plate 74 to tect the perjpheral_edge 90
from damge.cem%]"&?q%tggﬁﬁ?ﬁl\??tm A E’esuBB .oﬁlﬂléﬁ SSBL”@O?A)caCts
the surfage mziheTrddanteplatkis0ss i RRking GxABe 8 dHoWiid Fid I oSG Bured
25bet ween the cover gl ate 50 and the adapter ring 84. [0044] To ce1 ean
t he backi ng i9icuer thabashglate 2 FieGove, plated0 ¢droprisengrdcesged tngrsportion 52

i ntroduced u i . i i xture 10 throu he
liquid passagge?tgﬁ'{r?r?ﬂﬂégﬂggééé}ﬁgﬁg}%iﬁ%g Pg%%ié’ﬁg OIthﬁrrpé’ﬁ%?‘F ?{:aéjtaﬁtgg
passages 82 iorovellg tHeawkdr portioh 36 ©f thedaid plite 30, ootnahd\ @ et platel’0 igas
passages 82 'Oftah«?p:o b@gki ng.plate 74 are entrained in the 30fl ushing

|iquid. [004BF Prsepiase 49.eThe covpraplate 60 enchuis ptanmentping 86, érduned
once or ve Ll I J L I he
condi £1 o8 of O e Bpeo bftecrd il Boesplatvaigtn EE 8 ot °F

t he backi ng pirtiore3®of tht baseptaie2Gwbenthk yoreaplatd HWamplicedsomibe baseplapy |

al cohol fl uskhi (e.q.,. 2%Jsopropyl . flushi ot. dei oni zed wat er
f 1 ushi ng, an%ﬁ' %aﬁ%gfélfalgrﬂ"ge%s "V\gll?rgEe¥?ql%§1ﬁ§%%€ag%ogoﬁ%ﬁlblﬁﬂaé?”a{z’ [§ich as

el ectrode asgapbiryfiicsetbyl&R BTFE)) of the 1ikk,us Aidlg dhh¥de4b the didtrodd | i con
5el ectrode plate is w ped wth isopropyl alcohol/deionized water

d h
until no con¥sasmbist i'fbﬁgq‘@r plats; 9 adsosRmpFiges & nherality|of cfrentnd 1 formed-taithey
late i . ) . e .
Cont am nari onvtropitn £ BicblngdheRined dptallesitlit B ol B ¢ can
be wi ped agasenumaithcrcovsiopated9ito the bateqildtel2d.oni zed water until no

contam nation.is Visi.ble on.t i.pe. Th Lpi ng .renpves rticles
from 10 the @g#iac 1ij’ertpﬁg“’é‘l@gé’\t%vI F@d‘@"?ﬂp t%%(gm 5%%3‘?@ ‘fﬂ%j’cq@’.d [0047]
Preferably ipusege) eferably LGP HqQRI Pasdabes 1) &Eédgﬁ%i&ﬁ&ﬁﬁ%ﬁﬁgtliq%iﬁg ain

imersed in an ultrasonic tank containing deionized water at a
t enper at ur e @rodissd into thespacebeiwegp Sigtinsr pertigh §d f the caverplase 5@ andrtherpve

parti cl [: i . a ] urf age of
Phe. silidon DaderihTioRssph . § S5 endihbR™hoh 801 iR SGRERE D
to renove suahdeeommatedin fiaidicomnmunichtien with b ecparaed Bapiid supplyt linel educe

t he nunber o rfac articles. suitable mxed acid for silicon

el ect rodes C@R?gl n“gs %‘O%r‘)!f Ef(é ‘@fheghwﬁ&s%mz\%m *Pﬁ]é‘d%tsca_r”cP“\%‘_oﬁ‘frﬁébcan be
perforned fodefidb@ulplém & ﬁx‘éﬁzﬂéd oh e 16X RLE59 J8e 8&lef pMtdonarpenoves
metal contam nation fromthe silicon surface. The silicon el ectrode

pl ate is ri ndelpsyieoh indudes p siwigledyidpaseage 94 foveconnestive tow pywid sunpholirg)
After thg ac, 119k B chi ' : i.'l<gct human contact of
t he surface ogmmg gll f}fl}é%ﬁ&]'g? keoiﬁa%)gfe&%ﬁgélé,pg%ﬁgésgﬁl contact is with
gl oves or ed@D¥Herithe outer portion 54 of the cover plate 50 includes a circular groove 66

(FIG. 3) and an O-ring 68 inserted in the groove 66 (FIGs. 5 and 6). As described

below, the O-ring 68 provides a water-tight seal between the cover plate 50 and a

portion of an electrode assembly that is supported on the base plate 20 when the
30  cover plate 50 is secured to the base plate 20.
[0038] The base plate 20 and cover plate 50 are made from a suitable material that

is compatible with the materials of electrode assemblies. In a preferred
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[ 0050] Preferably in a Class 10 clean room the electrode assenbly is

agai n spr .Ih @ spray gun using deionized water at | ect ed
pressure,%§%0¥é¢4pvgof 25| ess than about 50 psi. The Si]fﬁ?]gﬁﬁoowozmzs

el ectrode plate is typically sprayed for at |east about 3-5 m nutes,
t he graphite backing FI ate is sBrgaled for at |east apout 2-5 m nutes,
and the sili é@podmsss tsdasanlate 20 pnd eyss plats S0 aycmadent apolymeeristmateriakt
3-5 mnutes, ({4 : ) i

is effecti vestcgl ars g%g%@éﬁlﬁea?gg%g@gﬁ%@%gé’#l? %%Omglﬁs@%? égg%el?eglgl? %’eoogg
pl at e and t hethgr syithbie endvazks ng pl ate, and 30al so to renbve particles

tai ned insj f ot | ates.. [0Q051
brotar bty 1 D8 EIG MR R it 1 8RB Coretereiospiat to the
dried with npisepefsno. THOIRZbINEmbIRT7Efis@ihgd/tht e1ee¢r&ie§ﬁa%e 3964 @an

room the electrode assenbly is heated at a tenperature of about
110- 120C f or backpernlael 761s sapparted dnshentknge plate@Ocodpehaoset yn theflwskengat er

fromthe ele 3 ef er.abl.y.i ass ,10, .
cl ean room ﬁ f%ﬁelpecej égﬁrﬁgegge%hé%%@%'ﬁl?%q or%/jles{?eﬁ"l Vﬁgﬁl%&b@%{ﬁgﬁ@i}p backing
physi cal def plates74and distaseet kbovdethe elestrode[0Qably JdndealeRCldeade assenbly

is then subjected to surface particle count analysis._[0055] The
el ectrode asgeg‘f'fgﬂ}eq' sﬁ“tel‘?éer?trﬂ%lklé'ﬁg capbe¢nesed; eign of siiremser 516- dhean

room theel s&q(r%%t@%e &eo 8 0f - kRN
Preferably in a (ass 10%%& cﬁdg]}r?pérdgg% ogﬁgﬂ}lﬁﬁﬁ}rﬁ aréﬁlﬁ's?é%g?&e@de'?ﬁe
i nner bag i stheletecwalds assinahdy @0 caiGinalndoart artertedmgiroddy ie@h aicontramusion multi-
seal ed. [ 0056 MPLES . [ 0057] Exanpl e .l 0Q58] ., The .nupber of
particles 0nsegw%gf:gqgeggq%&%gpglblmtflg%iﬁeé?&trﬁée BP%%’% atecrag nf@ﬂ’_@f
been subj ect e di® itiLdeS AR ConGle@RANGNARd IRIGHERELHRI 73T The Hhgibidhe
particle counter. The graphite backing plate was en ultrasonically

cl eaned in acldipde pad backing member cambe Qeaned withentiveing tecflushing dixire 20
temperat g e : . i 4 n
ovor " et Coafiatd imB el AARNAN £ HPAUANTYE Bicd A1 Tpd

gr aphi t e pl atsethewisgusfithaslectiodalahd bakiagmesntfep canlbeulcantheding exxhwéthef r om
the 20liquid_bath _.,and teste hen subj ected to ultrasonic cleaning
for 1 addi ti%Wéloqﬁgﬂ?aq%éﬂngaﬁWbﬁFgﬁﬁff‘ﬁs}éfﬂg ¥P&th again and
tested, then[osud) ess sbwindn FIG! XD Eing 68 dRIvIdEASiR thelreidichiiR ARl cotigur
(for a total of 3 hr), then renoved fromthe |iquid bath again and
test ed. The Pais38conrctpasunfaceds obtherelpstrpdearpta g2 il eatassupfaes thhtdm exposed

nmeasur e or i i i i i, qui.d rt.icle
Counter 20,p1 oiEha BRI el B LRERLOTHE LIANETR b PALGHE P
plate is cl edneder)iha omagperipheatportasii8tef tier etecslode\plaier72 aab f@mdk.a

liquid-tight seal between the electrode plate 72 and the outer portion 54 of the cover

plate 50. The electrode plate 72 includes gas passages 80 in fluid communication
with larger gas passages 82 in the backing plate 74.

25 [0041] To clean the electrode assembly 70, the flushing liquid is introduced at high
pressure into the flushing fixture 10 through the liquid passages 58 in the cover plate
50 and flows through the gas passages 80 in the electrode plate 72 and then through
the gas passages 82 in the underlying backing plate 74. Typically, the flushing
liquid is deionized water. The flushing liquid can contain a solvent, such as

30  1sopropyl alcohol. The flushing liquid is typically introduced at a pressure of about
40-50 psi and a flow rate of about 5-10 gallons/min. The flushing liquid can be at

ambient temperature or at an elevated temperature, such as about 40-50°C. The
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WO 2008/ 048443PCT/ US2007/ 021628 TABLE 1+ Concentrati on of

Particl es/%@#}gﬁz(ﬁgiﬁl e Size As-Received Post 1 hr Ut raﬁ%gzloﬁlﬁg&iﬁng

Post 2 hr onic Ceaning Post 3 hr Utrasonic Cea
pm 330, 000, 000 17, 000, 000 9, 700, 000 6, 900,000 ?_ 0.3 gm 150, 000, 000
7,300,000 3, ggﬁr?gof?uig b?e%?rhbolg?s r?ot géc?rcﬁg?eg.SPg?e?éb?g%a:rticle filters (e.g., 0.2 and
1 pm) are provided along the liquid lines to remove particles from the flushing
liquid.
[0042] Particles contained in the gas passages 80 of the electrode plate 72 and/or
5  backing plate 74, and particles trapped between the electrode plate 72 and backing
plate 74 during handling and bonding, are entrained in the flushing liquid and
removed from the gas passages 80, 82 and from between the electrode plate 72 and
backing plate 74. The flushing liquid then flows out of the flushing fixture 10 via
the liquid passages 30, 32, 34 in the inner portion of the base plate 20. As shown,
10 the electrode assembly 70 is placed on the base plate 20 with the electrode plate 72
facing the cover plate 50 to allow particles removed from the gas passages 80 of the
electrode plate 72 to pass through the larger gas passages 82 of the base plate 20. If
the electrode assembly 70 is instead placed on the base plate 20 with the backing
plate 74 facing the cover plate 50, large particles removed from the gas passages 82
15  of the backing plate 74 can be trapped in the smaller gas passages 80 of the electrode
plate 72 and, consequently, may not be removed from the electrode plate 72.
[0043] FIG. 6 depicts another embodiment of the flushing fixture 10 with the
cover plate 50 secured to the base plate 20 and only the backing plate 74 of the
electrode assembly 70 supported on the base plate 20. In this embodiment, an
20  adapter ning 84 is provided to overly a surface of the backing plate 74 and protect
the surface. The adapter ring 84 includes a groove 88 sized to receive a raised
peripheral edge 90 of the outer peripheral portion 86 of the backing plate 74 to
protect the peripheral edge 90 from damage. The O-ring 68 provided on the cover
plate 50 contacts the surface of the adapter ring 84 and forms a liquid-tight seal
25  between the cover plate 50 and the adapter ring 84.
[0044] To clean the backing plate 74 shown in FIG. 6, the flushing liquid is
introduced under pressure into the flushing fixture 10 through the liquid passages 58
in the cover plate 50 and flowed through the gas passages 82 in the backing plate.
Particles contained in the gas passages 82 of the backing plate 74 are entrained in the
30 flushing liquid.
[0045] The backing plate or electrode assembly can be cleaned once or several

times in the flushing fixture 10 depending on the condition of the backing plate or
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1, 200, 000 4, 900, 000 340,000 > 1.0 gm 1, 7005 000 90, 000 38,000 27,000 >
2.0 pm 77 2,700 2,400 [0059] As shown in Tabl 1 h
o 213@%9%%3 Supsrlies o

ul trasonic signifi cant |y reduced the nunber of ¥
each size category on the graphite backi ng pl ate. However, 5the
nunber of particles of a size of at |east 2 pmwas sti I 6, 900, 000

after the 3 Rectindesseable Kor sxgmple. the baskme pﬁtﬁwml@@de {1&9%&1}! CThe
number  of pauuufeg%mgrﬁ gfbggﬁaléﬁﬁ?pxﬁlﬂlgg(é%pwf%?sogﬁggy th&that had
ect u

10 been subj oni ¢ cl eani"ng“\Was ne g a liquid
particl e coud¢ienizediateniluspinigt :mdtfarakdmgn;ddatz&emﬂashmgen uI trasonically

c cane oo SRRGEL "ok SEAMP RIS R A AR S
T IS st s By st 0 1
' contamination is visible on the wipe. The graphite backing plate is wiped with

isopropyl alcohol/deionized water until no contamination is visible on the wipe. The
silicon electrode plate can be wiped again with isopropyl alcohol/deionized water
until no contamination is visible on the wipe. The wiping removes particles from

16 the surfaces of the electrode plate and backing plate.
[0047] Preferably in a Class 10 clean room, the electrode assembly is again
immersed in an ultrasonic tank containing deionized water at a temperature of about
40-50°C for about 5 to about 20 minutes to remove particles.
[0048} Preferably in a Class 10 clean room, the surface of the silicon electrode

15 plate is cleaned with a mixed acid by wiping to remove surface contamination on the
silicon electrode to reduce the number of surface particles. A suitable mixed acid
for silicon electrodes contains a mixture of HF/HNOy/HAc. The acid wiping can be
performed for about 2-5 minutes, for example. The acid wiping removes metal
contamination from the silicon surface. The silicon electrode plate is rinsed with

20  deionized water between acid wiping,
[0049] After the acid wiping, there is preferably no direct human contact of the
surface of the silicon electrode plate, and all contact is with gloves or equipment.
[0050] Preferably in a Class 10 clean room, the electrode assembly is again
sprayed with a spray gun using deionized water at a selected pressure, typically of

25  less than about 50 psi. The silicon electrode plate is typically sprayed for at least
about 3-5 minutes, the graphite backing plate is sprayed for at least about 2-5
minutes, and the silicon electrode plate is again sprayed for at least about 3-5
minutes, for a total of at least about 10 minutes. The spraying is effective to remove
surface particles from the silicon electrode plate and the graphite backing plate, and

30  also to remove particles contained inside of the gas passages of these plates.
[0051] Preferably in a Class 10 clean room, the silicon electrode plate is dried with

nitrogen.
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TABLE 2 Concentration of Particles/cn2 Particle Size As-Recei ved

(with ultr ' | eaning) Post 1 hr U trasonic C eaning, Post 2 hr
U trasoni c&é%géész%gldg%st 3 hr Utrasonic C eaning > 0. ‘,’7(96&2600

12, 000, 000 3, 700,000 2,100,000 > 0.3 p.m 11, 000, 000 4, 400, 000

1,500, 000 78?0099]0 ﬁegt', gre%rrgb}},’r iZlOaOClgs%OIOSC e?ah?gc?m,ztgg élgcqr%de assembly is heated
at a temperature of about 110-120°C for a period of about 3-5 hours to completely
remove water from the electrode assembly.
[0053] Preferably in a Class 10 clean room, the electrode assembly is visually

5  inspected for physical defects and cosmetic defects.
[0054] The electrode assembly is then subjected to surface particle count analysis.
[0055] The electrode assembly is then packaged. Preferably in a Class 10 clean
room, the electrode assembly is placed into a nylon inner bag. Preferably in a Class
1000 clean room, the inner bag is sealed. The inner bag is placed inside of

10  an outer bag, which is vacuum sealed.

[0056] EXAMPLES
[0057] Example 1
[0058] The number of particles on an as-received graphite backing plate that had
15 not been subjected to ultrasonic cleaning was measured using a liquid particle
counter. The graphite backing plate was then ultrasonically cleaned in a tank for 1
hr, 2 hr and 3 hr in deionized water at a temperature of about 50°C, an ultrasonic
frequency of 40 kHz and a power density after graphite loading of 10-20 W/in?.
That is, the graphite plate was ultrasonically cleaned for 1 hr, then removed from the
20 liquid bath and tested, then subjected to ultrasonic cleaning for 1 additional hour,
then removed from the liquid bath again and tested, then subjected to ultrasonic
cleaning for 1 additional hour (for a total of 3 hr), then removed from the liquid bath
again and tested. The number of particles on the backing plate was then measured
for each cleaning time period using the liquid particle counter, which analyzes the
25 liquid in which the graphite backing plate is cleaned. The measurement results are

shown in Table 1.
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[0059] As shown in Table 1, the ultrasonic cleaning significantly reduced the

number of pé.rticles for each size category on the graphite backing plate. However,

the number of particles of a size of at least 0.2 pm was still 6,900,000 after the 3 hr

ultrasonic cleaning.

[0060]

Example 2

[0061] The number of particles on an as-received graphite backing plate that had

been subjected to ultrasonic cleaning was measured using a liquid particle counter.

The graphite backing plate was then ultrasonically cleaned as described in Example

1. The number of particles on the backing plate was then measured for each

cleaning time period using the liquid particle counter. The measurement results are

shown in Table

2.
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10TABLE 3 Concentration of Particles/cn? Particle Size As-Received

(wi thout wultr Lc.cleaning) Post 1 hr Utrasonic Ceaping Post 2 hr
U trasoni c{‘é@‘ﬁ% Post 3 hr Utrasonic d eani ng > 0. ZP(E; §2,° 76(8,1‘860

1, 900, 000 1, 300, 000 420,000 ,_?. 0.3 pm1, 100,000 780,000 480, 000

2 0. 190, 000 120, 000 72, 000
170,000 =7 0 ?0006[}]] xample 5

[0068] In this example, the as-received graphite backing plate of Example 3 that
had not been subjected to ultrasonic cleaning was cleaned according to an exemplary
embodiment of the enhanced cleaning methods. The graphite cleaning method
5  included the following procedures. The graphite backing plate was inspected and
surface particles counts were taken for the graphite backing plate using a laser
particle counter at multiple locations outside of a clean room. The graphite backing
plate was immersed in isopropyl alcohol for 1 minute and wiped to remove heavy
black particles. In a class 1000 clean room, each side of the graphite backing plate
10 was sprayed with deionized water at a pressure of 40-50 psi for 5 minutes. The
graphite backing plate was then wiped with high-purity deionized water and
isopropyl alcohol until no black stains were visible on the wipes. Next, each side of
the graphite backing piate was again sprayed with deionized water at a pressure of
40-50 psi for 1 minute. The graphite backing plate was then inserted into a flushing
15 fixture as depicted in FIGs. 1 and 6 (the adapter ring 84 was not used with the
graphite backing plate). Nitrogen and high-purity deionized water were flushed at a
pressure of 40-50 psi for 15 minutes. Next, the graphite backing plate was
immersed in an ultrasonic cleaning tank at a liquid temperature of 40-50°C at an
ultrasonic power of 10-20 W/in for about 8 minutes on each surface. The surfaces
20  ofthe graphite backing plate were then wiped with isopropyl alcohol and high-purity
deionized water until no black stains were visible on the wipes. Each side of the
graphite backing plate was again sprayed with deionized water at a pressure of 40-50
psi for 1 minute. The graphite backing plate was then dried with nitrogen. Next, the
graphite backing plate was heated in an oven at a temperature of 120°C for 3 hours.
25  The graphite backing plate was removed from the oven and allowed to cool down to
ambient temperature. Five surface particle counts were taken using a laser particle
counter at multiple locations outside of a clean room. Each particle count reading

was 0.0 counts/in” for particles of a size of at least 0.3 pm.

30 [0069] Example 6
[0070] In this example, an as-received graphite backing plate of Example 4 that

had been subjected to ultrasonic cleaning was cleaned according to an exemplary

-15-



24,000 ? 1.0 gm 19,000 12,000 8,200 2,200 > 2.0 p. m 1, 100: 440 480
<100 [007 Jo in Table 3, the enbodi mrent of the

cl eani ng n@h@%@gpé\ged t he nunber of particles of a sig(gf}ﬂgﬁgfoqfﬁégst
0.2 pmto low values for the initial liquid particle counter val ues |
and after 3 hours of trasoni c c|leaning. 15 [0074] Exanple 8 [0075
The graphite® E‘E‘ﬁmﬁﬁt |t15q¢263&}ng|:_t;}%{lﬁﬂ ‘éﬁsﬁt’g%ﬁén Erar/s éd Folewigeshe i qui d
particl e cougfesfing He shigstle é}ﬁﬁﬁi&' éoﬁnt@%resllﬂﬁéﬂrhsirg anakk g?rfi le c¥fhiter at
2008/ 048443PCT/ UﬁOO?/ 021628 TABLE 4 Concentration articles/cn

Particl e SizauliplRocaionsduiside vhia olesr woumibzack paticleng)nt reading was 0.0

counts/in’ for particles of a size of at least 0.3 pm,

5

[0071] Example 7

[0072] The graphite backing plate of Example 5 was analyzed using a liquid

particle counter. The test results are shown in Table 3.

10 TABLE 3
Concentration of Particles/cm?

Particle Size | As-Received Post 1 hr Post 2 hr Post 3 hr
(without ultrasonic | Ultrasonic Ultrasonic Ultrasonic
cleaning) Cleaning Cleaning Cleaning

> 0.2 pm 2,700,000 1,900,000 1,300,000 420,000

> 0.3 pm 1,100,000 780,000 480,000 170,000

> 0.5 um 190,000 120,000 72,000 24,000

>1.0 pm 19,000 12,000 8,200 2,200

>20pum 1,100 440 480 <100

[0073] As shown in Table 3, the embodiment of the enhanced cleaning method
reduced the number of particles of a size of at least 0.2 pum to low values for the

initial liquid particle counter values and after 3 hours of ultrasonic cleaning.

15 [0074] Example 8
[0075] The graphite backing plate of Example 6 was analyzed using a liguid

particle counter. The test results are shown in Table 4.
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Post 1 hr Utrasonic Ceaning Post 2 hr Utrasonic C eaning #Post 3 hr
U trasonic |,hg.> 0.2 gm 1, 000, 000 740, 000 590, 000 4 .

p. m 420, 008'9273%8%3250, 000 160,000 _?. 0.5 p.m 60, 000 %86%397?3,1‘%60
17,000 ? 1.0 pm 4, 100 2,800 2,500

TABLE 4
Concentration of Particles/cm?

Particle Size | As-Received Post 1 hr Post 2 hr Post 3 hr
(with ultrasonic | Ultrasonic Ultrasonic Ultrasonic
cleaning) Cleaning Cleaning Cleaning

> 0.2 um 1,000,000 740,000 590,000 410,000

>0.3 um 420,000 280,000 250,000 160,000

>0.5 um 60,000 35,000 33,000 17,000

>1.0 um 4,100 2,800 2,500 1,300

>2.0 um 430 190 <100 <100

[0076] As shown in Table 4, the embodiment of the enhanced cleaning method

reduced the number of particles of a size of at least 0.2 um to lower values than
5 shownin Table 3.
{0077] The liquid particle count results for particles of a size of at least 0.2 pm for

Examples 1, 2, 7 and 8 are summarized in Table 5.

TABLE 5

Concentration of Particles > 0.2 pm/ cm?

Example As-Received Post 1 hr Post 2 hr Post 3 hr

: Ultrasonic | Ultrasonic Ultrasonic
Cleaning Cleaning Cleaning

1 - without vitrasonic | 330,000,000 17,000,000 | 9,700,000 6,900,000

cleaning

2 - with ultrasonic 23,000,000 12,000,000 | 3,700,000 2,100,000

cleaning

7 - without ultrasonic | 2,700,000 1,900,000 1,300,000 420,000

cleaning, with

enhanced cleaning

8 - with ultrasonic 1,000,000 740,000 590,000 410,000

cleaning + enhanced

cleaning

10
[6078] Backing plates (e.g., graphite backing plates) and electrode assemblies

(e.g., including a graphite backing plate and a silicon electrode secured to the

-17 -




1,300 ? 2.0 pin 430 190 <100 <100 [0076] As shown in Table 4, the
enbodi nment fzoﬁmsﬁghanced cl eani ng nmet hod reduced the &F@ﬁggo@{%ﬁ

particles of 'a si'ze of at least 0.2 pmto | ower val ues .
in Table 3. [0077] The liquid particle count results for particles of

P - RETRG N R SR T AL
O eani g Post 3 e e e e B v Rl 3Rk of
cl eani ng 3305@AICQIBIDCLon ubSPHENO Bigd; firadt] e oud, Bt of particle adders,
preferably to on such substrates as compared to backing plates or electrode
5  assemblies that have not be subjected to the cleaning. Embodiments of the cleaning
methods can achieve consistently low chamber particle counts and substantially no
killer defects. For example, embodiments of the cleaning methods can achieve
particle adder counts of less than 20, such as less than 10, or less than 5, for particle
adders sized from about 0.2 pm to about 1 pum, area adders counts of particles sized
10 larger than about 0.2 pm of substantially zero.
[0079] Although the present invention has been described in connection with
preferred embodiments thereof, it will be appreciated by those skilled in the art that
additions, deletions, modifications, énd substitutions not specifically described may

be made without departing from the spirit and scope of the invention as defined in

15  the appended claims.
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2 - with ultrasonic cleaning 23,000,000 12,000, 000 3,700, 000
2,100,000 7 - without ultrasonic cleaning, with enhanced cl eaning
2,700, 000 1, 900, 000 1, 300,000 420,000 8- with ultrasonic cleaning +
enhanced cl eani ng 1, 000, 000 740, 000 590, 000 410,000 10 [0078] Backi ng
pl ates (e.g., graphite backing plates) and el ectrode assenblies
(e.g., including a graphite backing plate and a silicon el ectrode
secured twrAe islkackimMepnisat e) cl eaned by enbodi nents of the cl eaning
met hods describéd herern can be installed in plasm processing
chanbers and uked i~msthwdfer Yeavinesshasking blaseefi anslrstredorssenlzfora es t o

signific : r ' .adders, preferably to on
such subggég%%éﬁgggg%%g§¥%§£?%I%%%%fﬁ%&%ﬁg@és or el ectrode

5assenbl i es t hantadoanvgethabackie Hute jwatht bl vteat drdewipinganiongr sirfdee dif thent s
of the cleapi ng. met hods can.achieve consistently |ow chanber particle
count s anlli’c‘g‘ﬁ‘ﬁg’faé‘?l’ioirﬁlf‘l?{/e PSURFS @F%bee?"‘é?tsglffacrgor exanpl e, enbodi nents
of the cl eani ngrdyaidhREsackaiy f%ﬁ@h@mﬁbvd?&rté berhe PHRIes HRUIHhS offer Liffse

than 20, such as |ess than 1 or less than 5, for particle adders
si zed fr oththpbasking phate and prrddes contpined ingaspagudes of thobaskimgpiatgarticl es

si zed

ultrasonically cleaning the backing plate;

enclosing the backing plate in a flushing fixture defined by a base plate having a
plurality of liquid passages and a cover plate configured to cover the base plate, the cover
plate including at least one liquid passage;

flushing the backing plate in the flushing fixture by introducing a flushing liquid
in the flushing fixture that encloses the backing plate under pressure through said at least
one liquid passage in the cover plate, through the gas passages in the backing plate, and
through the plurality of liquid passages in the base plate to remove particles from the
outer surface of the backing plate and particles contained in the gas passages of the
backing plate; and

supporting the backing plate on an upper surface of the base plate during flushing

of the backing plate.
2. The method of Claim 1, wherein the backing plate is composed of graphite.
3. The method of Claim 2, wherein the graphite plate has a surface particle count of

particles of a size of at least 0.3 pm of 0 counts/in® after the cleaning.

4, The method of Claim 1, wherein the backing plate is composed of aluminum.
5. The method of Claim 1, wherein the backing plate is a new backing plate.
6. The method of Claim 5, further comprising repeating the spraying at least once.
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10l arger than about 0.2 mof substantially zero. 100791 Al though the
present invention has been described in connection with preferred
enbodi nents thereof, it wll be appreciated by those skilled in the
art that additions, deletions, nodifications, and substitutions not
specifically described nay be nade wi thout departing fromthe spirit
and scope of the invention as defined in 15the appended clains. WHAT
| S CLAI MED | S: Thd méhs®bhORirh 0f whdréia fhd WhcRinB dlkd RA uRtPEGeREbIFRd

el ectrode assenmbly for a plasma processing apparatus, the nethod
conpr i si ngpeking platé.cont acti ng the backing plate with a sol vent and

W ping an outer surface of the backing plate to renpve particles from
the outer surface; sprayi ng the backing plate with water to renove
parti cl es8.f r orfliehectbod ef Claim i/ afoghafcotripesing cépeatingphaspaying ubsasbnicl es
cont ai ned ;i n.gas ssages, of the backing plate; ultrasonically

cl eani ng @ﬁ@”gﬁﬁfﬁﬁﬁﬁﬁgﬁf@?nomw' encl osi ng the backing plate in a
flushing fixture defined by a base plate having a plurality of liquid
passages and a cover plate configured to cover the base plate, the

cover plaf-e i nEreuasthed af Clabm &+ wiiein thegronticipgeoagpaises using watkaiang t he
backi ng p, L i I I i - i ng
liquidi n&%{gc ?Qﬁ%ﬂ?{%&t#&?% Eé?%ofvfla )ég%éhgcnsg %%ﬂe&ég ?ﬁgq%é;%glﬁlr? pﬁ%t e under
pressure through said at |east one |liquid passage in the cover plate,
t hrough t g assages-jin the backing plate .and through e

ol ur a1y By O Ty RRRESc e e s R i A0, A R P e 10
fromthe gltedboatsd 56 Qnffthd Waebid sl i@l dhdihe badldndalbieiath BesapdbRdbaed
in the gas passages_of .the backing plate; and supporting the

backi ng pthtoabodh>Upiher surface of the base plate during flushing
of the backing plate. 2. The nethod of Caim1, wherein the backing
plate is conposed of graphite. 3. The nethod of Claim?2, wherein the
gr aphi t e pl.at ellizasethodof Flaie 1 pulareio lthe waemis high-puaity, delorgedivatr.si ze of
at least 0.3 1.1mof O counts/in2 after the cleaning. 4. The nethod
of Caim1l, wherein the backing plate is conposed of alum num 5.

The met hott. of THeahdthdd ofdbieine i nwliddein ltacdolveat ip lisdhpl/Saleohdew backi ng
plate. 6. The method of Caim5, further conprising repeating the
sprayi ng at | east once. 7. The nethod of Claim1l, wherein the

backing pjsate A §ethodS6fc1OminiliRindhe sBasK BohpRLiAL & ’oack%ﬁ% ﬂiQt% baR4daod

of daim?7, further conprising repeating the spraying, ultrasonic
cl eani ng tand clecuieds plgie dor 4 lasma pypesssing gsseMhky, the miethbdofonprising) 1,

ther e 111 CSRachI{ e SO SR HEASHs Rl DM B e
outer surface of the backing plate and the outer surface of the electrode plate to remove
particles from the outer surfaces of the backing plate and electrode plate;

spraying the backing plate and electrode plate with water to remove particles from
the outer surface of the backing plate and the electrode plate, and particles contained in
gas passages of the backing plate and electrode plate;

ultrasonically cleaning the electrode assembly; and

flushing the electrode assembly with a flushing liquid in a flushing fixture that
encloses the electrode assembly to remove particles from the outer surfaces of the

backing plate and electrode plate and particles contained in the gas passages of the

backing plate and electrode plate.
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10. The method of Caim1l, wherein the flushing liquid is at a
pressure of about 40 psi to about 50 psi, and the water is sprayed
onto the backing plate at a pressure of about 40 psi to about 50 psi.
11. The method of Caiml1, wherein the water is high-purity,

dei oni zed water. 12. The nethod of Caim1, wherein the solvent is

i sopropyl alcohol. 13. A nmethod for cleaning an el ectrode assenbly

conpri si ngy,a bRgkh&BoPbRERinD PR AR HRbaBkies blaRAe chhFdsed Bf)graﬁhiﬁ:l #vd e

pr ocessi ng] assenbly, the nmethod conpri sing: contacting the
backi ng ptiegtedaplateds sempesgd opitiear wit h a sol vent and wi pi ng the outer
surface of the backing plate and the outer surface of the el ectrode
plate to renove particles fromthe outer surfaces of the backing

pl at e andl®l ecthreonehqd eff @aim 14, whesqin ehei gngphith plabalcds iangripdegiaeticdancbunt of
el ectrode pl.ate with r re e parthcles, from.the outer surface
of *the. bttty prat okabiern 0BT ol b5 g A&RRE | o os cont af ned
i n gas passages of the backing plate and el ectrode pl ate;
ultrasonically cleaning the el ectrode assenbly; and fl ushi ng

t he el ecttode Hieguetodoiflaim 43.fyhessin fig barljug plateris sompassd phajumingmgng

t hat encltﬁgg&t}g@p@#gg& SsSsFeliRLYy to renove particles fromthe
outer surfaces of ‘the backing plate and el ectrode plate and particles
contained in the gas passages of the backing plate and el ectrode

pl at e. 4. The neth f. im13, -wherein the. backin te is
conposed of grﬂgﬁ??@‘ﬁ%ﬁgﬁ“&ﬁ#@&&%@gﬁ Cfrgé]ecf?}ﬁtﬁd%‘é)dnpé’ﬁg‘g&ll S?]tcé’ﬁ’. and) 5.
The net hogriBér c@fr?ﬁﬁhéépntﬂ&ﬁfg&h@odt&%u%&m}itﬁ@el&itﬁ)ﬁ@ héswih 8 ulik@cRid
particle count of particles of a size of at |east 8.3 gmof O

count s/ i re@ngRieg a pveue of dHi A0 and HAhe et hod of C ai m 13, wherein

t he backing plate is conposed of alum num and the el ectrode plate is
conposed of silicon. 17. The nmethod of C aim 13, wherein the

el ect r odel§l atBheingetoahpidslein b3, vdickdin te backig platetihe new bagkingsplatg.
contacting the outer surface of the electrode plate with a m xed acid
containing a mxture of HF, HNO3 and HAc. 18. The nmethod of Caim
13, wherein t Mehehaakidef Qlhiat €8,ifsrtier DEMpBaSK etk Mctspraylith: at Thiet smE.hod
of Claim 18, further conprising repeating the spraying at |east once.
20. The nethod of Claim 13, wherein the backing plate is a used or
refurbi shed baglel fighdd G@aim 23 whERgn métblﬂagné’f)lagi@b MedQr rd bﬁ .
conprising repeating the spraying, ultrasonic cleaning an ushi ng
at | east wnkisgplag?2. The nethod of C aim 13, wherein the contacting
conprises using water and an organic solvent effective to renove
organi ¢ substances fromthe el ectrode assenbly. 23. The nethod of

C ai m 13,2 wherkienndthe] 6fl Clsi 2@ fhuitlop EinpiSsing repedting s bpeayie, al@sdni40
psi to aboqut 50 i, .and the water is sprayed onto the el ectrode
assenbl y ?ang‘gﬁngi@ﬁw&g gifleashBRRe- 40 psi to about 50 psi. 24.The nethod
of Claim 13, wherein the water is high-purity, deionized water. 25.

The nmethod of Claim 13, wherein the solvent is isopropyl alcohol.
22.  The method of Claim 13, wherein the contacting comprises using water and an

organic solvent effective to remove organic substances from the electrode assembly.
23.  The method of Claim 13, wherein the flushing liquid is at a pressure of about 40
psi to about 50 psi, and the water is sprayed onto the electrode assembly at a pressure of

about 40 psi to about 50 psi.

24.  The method of Claim 13, wherein the water is high-purity, deionized water.
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26. The nethod of claim 1, whereirn the base plate conprises a
recessed inner portion including an upper surface, an outer portion,
a lower surface, a plurality of liquid passages extendi ng between the
upper surface and the | ower surface. 27. The method of claim 26,
wherein the base plate conprises a plurality of circunferentially
spaced al i gnnent holes provided in the outer portion, and the cover
plate includes a plurality of alignnment pins each of which is sized
to be received in an alignment hole of the base plate when the cover
plate is $osi tT]%?r@%ih?CbOfc(egal@@F 13, rrehepa tiesplyert is isppropyitadeokel hod of cl ai m
13, wherein the base plate conprises a recessed inner portion

i ncl udi ng an upper surface, an outer portion, a |lower surface, a

pl urality26ef |TunahphsSdagms], svhemndihnbadegtiate eomprives apgessed imkapeatiamd
t he | ower. surface. 29.fThe met hod of cﬁainlég wher ei.n the %ﬁ;e
plate conpPPdig 28 UBpS SHifRqey AL Futer ROLATs A MY SWHAcy> SRS ofiliagithent

hol es pr opasehpds éxterddney Waub&@h tROgPePsurfa30 and the ISR eirfRleat € i ncl udes a
plurality of alignnent pins each of which is sized to be received in

an alignnment hole of the base plate when the cover plate is

posi tionegy t o BMRLLEEF ct?eﬂﬁlelﬁf,){uﬁ&%in the base plate comprises a plurality of

circumferentially spaced alignment holes provided in the outer portion, and the cover
plate includes a plurality of alignment pins each of which is sized to be received in an
alignment hole of the base plate when the cover plate is positioned to cover the base

plate.

28.  The method of claim 13, wherein the base plate comprises a recessed inner
portion including an upper surface, an outer portion, a lower surface, a plurality of liquid

passages extending between the upper surface and the lower surface.

29.  The method of claim 28, wherein the base plate comprises a plurality of
circumferentially spaced alignment holes provided in the outer portion, and the cover
plate includes a plurality of alignment pins each of which is sized to be received in an
alignment hole of the base plate when the cover plate is positioned to cover the base

plate.
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