CLEANI NG HARDWARE: KI T FOR COVPOSI TE SHONERHEAD ELECTRODE ASSEMBLI ES

FOR PLASI\/PWB% a NG APPARATUSES BACKGROUND 5 [ 0001] bljﬁd‘gg%oﬁ{ogﬁg’
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processi ng appara (iSes are used to process substrates

i ncl udi ng etching, physical vapor deposition (PVD), chem cal vapor
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shower head el ectrode for a plasma processing apparatus are provided.
[ 0003] One enbodi ment of a cleaning kit useful for cleaning a
conposi te showerhead el ectrode inclgﬁgﬂﬁﬂﬁﬁﬁﬂﬂg con pI ate bonded to an
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the el ectrode carrier suc st |n a space
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second plate including a seal which engages the first side of the
el ectrode carrier and a gas inlet

SUMMARY

[0002] According to an aspect of the present invention, an apparatus and
156  method for cleaning a composite showerhead electrode for a plasma
processing apparatus are provided.
f0003] One embodiment of a cleaning kit useful for cleaning a composite
showerhead electrode including a silicon plate bonded to an aluminum
backing plate, of a plasma reaction chamber, comprises an electrode carrier
20 which supports the composite showerhead electrode with the silicon plate
facing up; a treatment stand having a base and a plurality of support posts
which engage the electrode carrier and support the electrode carrier; a first |
plate which attaches to a first side of the electrode carrier and one or more
attachment members which engage the aluminum plate to support the
25 composite showerhead electrode with the silicon plate ekposed for cleaning
thereof, a second plate which attaches to the first side of the electrode
carrier such that the first plate is located in a space between the second
plate and the composite showerhead electrode, the second plate including a
seal which engages the first side of the electrode carrier and a gas inlet
30 through which gas can be introduced under pressure to flow into gas holes

in the aluminum plate and exit corresponding gas holes in the silicon plate,



30 through which gas® can be introduced under pressure to flowinto

gas hol es | m num pl ate and exit corresponding I |
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allowing gas to be flowed through the gas holes during acid cleaning
of the exposed surface of the silicon plate; a third plate which

attaches to a second side of the electrode carrier with the silicon
plate facing up, the third plate including a seal which engages the
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gas to dry the composite showerhead electrode after a water rinsing step.

[0004] In another embodiment, a method of cleaning a composite
showerhead electrode assembly for a plasma processing apparatus using

20  the cleaning kit described above includes supporting the composite
showerhead electrode in the electrode carrier, placing the electrode carrier
on the treatment stand, attaching the first plate, attaching the second plate,
introducing gas into the gas inlet in the second plate while acid cleaning the
exposed surface of the silicon plate, removing the first and second plates,

25  attaching the third plate and introducing water through the water inlet in the
third plate to rinse the gas holes, removing the third plate and placing the
electrode carrier on the base frame, removing the electrode carrier from the
composite showerhead electrode, attaching the fourth plate to the posts of
the drying stand, introducing gas into the gas inlet of the fourth plate to dry

30  the composite showerhead electrode, removing the fourth plate, and placing
the composite showerhead electrode in an oven while supported on the
base frame.



third plate to rinse the gas holes, renoving the third plate and

pl acing the el ectrode carrier on the base frame, renoving the

el ect rode WRPHI2EP om t he conposite shower head el ect r d§d/US200848Rhg
the fourth plate to the posts of the drying stand, introducing gas
into the gas inlet of the fourth plate to dry 30 the conposite

shower head el ectrode, renoving the fourth plate, and placing the
conposite showerhead el ectrode in an oven while supported on the base
frame. WO 2008/ 112225PCT/ US2008/ 003223 BRI EF DESCRI PTI ON OF THE
DRAW NGS [0005] FIG 1
to hold a conposite showe H 5704 '

show det ai | ed[ooosps RIG. ambmrareémwdumt opénte tr@l:ié%bfrﬂ#% %rd a er
[0007] FIG 3 shows the electrode carrier and el ectrode of FIG

wi th an enmbod$efEResits showerBaashelactredand. [0008] FIG 4 shovvs an
enbodi nmentg of phat [

carrier. [OOO@OEFquﬁég 2R éémiﬁa %ﬁ%‘@vdté\t/%gget al%gﬁé@@g%@@;ﬁ?ﬁnent Ofder
pl at e. [0010]1hEI&ECt&C@rmeUet ail s of the spider plate shown in FI G

ol cotrode carlo08rT of 1B eng g 0 el shlofin cal P et sl iade.d Faffad avran
FIG 4 faci ngerabegimiertiof bheeatmeat stand. stand and a nitrogen gas purge

plate. [0012] F h details of the purge plate shown in FIG 7
instal | ed on [tolqbgja %&érgmﬁo‘tﬁ’éﬁ”l%? bedigent Hga SpidgEPlale tq retain the 0 13)

FIG 9 shews é|ggr,gj@§ﬁqf@§a,g@frl er, electrode, and treatnent stand

200f FIG 3, the spid | at e |nstallat|on side of the el ectrode
carrier faci §oP8k ﬁ@at and SBashpvaivnd detalled vigwseofithespidenntade. ri nse
plate. [0010] FIG. 6 shows details of the spider plate shown in FIG. 4 installed in

the electrode carrier.

[0011] FIG. 7 shows the electrode carrier of FIG. 1 with the instailed spider
15 plate of FIG. 4 facing away from the treatment stand and a nitrogen gas

purge plate.

[0012] FIG. 8 shows details of the purge plate shown in FIG. 7 installed on

the electrode carrier over the spider plate.

[0013] FIG. 9 shows the electrode carrier, electrode, and treatment stand
20 of FIG. 3, the spider plate installation side of the electrode carrier facing the

treatment stand and an embodiment of a water rinse plate.

[0014] FIG. 10 shows the electrode carrier and electrade of FIG. 1 and an

embodiment of a drying stand.

[0015] FIG. 11 shows a detailed view of rail supports shown in FIG. 10.
25 [0016] FIG. 12 shows the electrode carrier of FIG. 10 partially removed

and the electrode resting on the rail supports of the drying stand.

[0017] FIG. 13 shows an embodiment of a nitrogen gas blow dry plate

installed over the electrode on the drying stand of FIG. 12.

30 DETAILED DESCRIPTION
[0018] Apparatuses to clean silicon electrode assembly surfaces which
controls or eliminates possible chemical attack of electrode assembly
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[0014] FIG 10 shows the el ectrode carrier and electrode of FIG 1
and an enbodi ment of a drying stand. [0015] FIG 11 shows a detail ed
view of ralVPHBPYts shown in FIG 10. 25 [0016] FI G PIEHHRER
el ectrode carrier of FIG 10 partially renoved and the el ectrode
resting on the rail supports of the drying stand. [0017] FIG 13
shows an enbodi nent of a nitrogen gas blow dry plate installed over
the el ectrode on the drying stand of FIG 12. 30DETAI LED DESCRI PTI ON
[ 0018] Appar dramsling materizdnand elinrate sediest Madélimgsscmtbtwwutﬁeanmts twﬂ'jech
controls or eli att f electrode asse

bond ng” mat eriedd G o6 e Sy ThER ik SRl P Srta g tadng e v

parts to be glrevded. Theiglgctrictadseatlia®Bhn beniew, skl TR reddriditichiex.
bake and bag%?%pgre provi ded. The el ectrode assenbl i es can be new,

used or reco 7 &f clegpingorlicasrelestioge arpemblies are alsosrpyided.

assenbl i eg ary eo@épomhﬁg'tﬁégr d;%%és@ﬁ bﬂgerhlaénebaé BRAES 1 89 of
sem conduct or substrate | esirabl® to mnimze e nunber of
particles i ntd%ﬁabl@dommanizaéh@nambar pfrmm‘esles mgrqﬁumﬂemtoﬁbe olasmzer
conponents. ' d

Che sunst r at S HBer HPURIMEH et “§ith pafiRlhs” {8300 102

Pl asma pr ocesadderscreamdeosttam thacubsteatas aunmhsedq@@mlyadaueé ﬁfmhbsr

and a substratq support facing the upper el ectrode assenbly and
havi ng a | owet eld¥-ectrode. The upper el ectrode can be a shower head

el ectrodaoasqeo@rb]y Plddm#pritesSing ShawdeReash morelerHgpRasdaditddes can

be a source of particles. Such assenblies can include an el ectrode
plate and a f@sga@mwﬁéwbévatesau@ﬁoaéa%tn@)H&w@errﬁlg@t@d%w@w gad

ons paccanca B lRIBAR b Bl atobta BORl e Ve
processi ng ct%ﬂjmd.e mmmfongxqmmee Shawdrearhelectrbdabsse mbligs daor be
o e ARG B D a8 Shn TGS BB o T
such as a8 elmkmgnﬁembbqrwbh@srmb@cmmj ptafé}@éau]:re“&he thé efdctrede pritat e
and/or the b% é]gctpodaé Sla(t:eagng ga&lrslg(;) Blra(t:éa cgn have gas passages through which
process gas is introduced into the plasma processing chamber. The backing
plate can be made of aluminum, for example. Thé electrode plate can be
made of silicon, for example. The electrode plate can be bonded to the
20  backing plate by adhesive such as an elastomeric bonding material.
[0021] The electrode plate and/or the backing plate can be a source of
particles. The particles can originate from different sources during the
manufacturing of the electrode assemblies. For example, the particles can
result from manufacturing of the aluminum backing plate, pre-bonding
25  contamination of the electrode plate and/or backing plate, the bonding
process, handling and insufficient cleaning, and packaging. The particles
can be inorganic (e.g., graphite or metals) or organic substances.
[0022] Control of particulate contamination on the surfaces of
semiconductor wafers during the fabrication of integrated circuits is essential
30 in achieving reliable devices and obtaining a high yield. The presence of
particles on a wafer surface can locally disrupt pattern transfer during
photolithography and etching steps. As a result, these particles can
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particles. The particles can=originate fromdifferent sources during

the manufacturing of the el ectrode assenblies. For exanple, the
particles WOFSEIRZE from nanufacturing of the al um nurRdFASRIYEG03223

pl ate, pre-bonding 25 contam nation of the el ectrode plate and/or
backi ng plate, the bonding process, handling and insufficient

cl eani ng, and packagi ng. The particles can be inorganic (e.g.,
graphite or netals) or organic substances. [0022] Control of
particul at e dotrodusendefeots iolo ¢riticakfeafunen dInaidisg mate stluctums, iméreneatal
during the fabrication of integrated circuyits is,essential 30in

2ehi evi ng. ol TesTcdBtkrS s ARG EieaihEeL nRE iy FERE beitnaiiicdon os
of particles failure ofaftegraied tinodt ednpomsias.l y di srupt pattern transfer

during photolithography and etching steps. As a result, these
particles car{ooaﬁg 2608P19eD ol pringUReHods auspreyided: thabieresigatisaplyy i nt o

critical featidfRse tHhHBENSF &f}ﬁ@@ bh %EHF ERctrbdd gﬁ%&f%&' sGLIFGET 1 C
| ayers or netallic 1 nterconnect |1 nes, nd cause the nmalftunction or
failure of i raheyeshea electode agesmbliast s. [ 0023] Enhanced cl eani ng

met hods are hge 4 [ ' reduce, 1 h er
particles onp@ggJl g@%%ﬁ&a@é@%‘%%é@ﬁ%ﬁcﬁ%”a@ g%ecﬂ/\f?rﬁ%%ﬁﬂg‘fv&%dode
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cl ean new, used or,refurbishe acKki afes and electro

el 5. AETEBG R S e ile S i Fath F oL been Hoed
assenbl i g9 hawe plasmilerdcassify dHanberdoPpRBESsiRY 868 FnAdcoR aUBSFatk e
processi ng sem conduct or substrates; "used" backing plates and

el ectrode ass&fdl'| kackigrlalasandeledrode assanldies havedwesiuseddnnjesma
for processi rmoé@éa(fgpa%ggﬁoﬁE@%&ﬁhg%ﬁ&%a&%ﬁ&%bﬁ%@'ar?@ck' ng
lie ave

pl ates and el ectrode asse een used I n a plasnh processing
chanber for prefudssiad) beekingpiatas vod edrdidesssemblies hade beerused irode

plate has s U%EQ'HS BP&&ésQﬁ%%ﬁa%r‘?& pr%'cgssmé’ gé%?c%%ﬁhct%? s{lggpa\{gs, and
15 the electrode plate has subsequently been treated, e.g., polished, to remove
undesirable surface contamination and/or surface structure, e.g., black
silicon, or uneven surface regions, formed on the bottom (plasma-exposed)
surface of the silicon electrode plate during plasma processing. The entire
bottom surface of the electrode plate, or only a portion of the bottom surface
20  can be polished, depending on its condition. Silicon electrode plates may be
refurbished one or more times.
{0025] The electrode plate of the electrode assembly can be composed,
for example, of silicon (preferably single-crystal silicon) or silicon carbide.
The electrode plate is typically circular, and can have a diameter of 200 mm,
25 300 mm, or even larger, for example. The electrode plate can have any
suitable thickness, such as from about 0.25 in to about 0.5 in. The backing
plate can be composed, for example, of graphite or aluminum. The backing
plate is typically circular and sized to correspond with the shape and size of
the electrode plate. The electrode assembly can include an outer electrode,
30  such as an outer ring, surrounding the inner composite showerhead

electrode, and an outer backing member, such as an outer backing ring,



undesi rabl e surface contam nation and/or surface structure, e.g.,
bl ack silicon, or uneven surface regions, forned on the bottom

(pl asma- exPOSEW11EET f ace of the silicon el ectrode pl at EHNHEPIZEE ma

processing. The entire bottom surface of the electrode plate, or only
a portion of the bottom surface 20can be polished, depending on its
condition. Silicon electrode plates may be refurbi shed one or nore
tinmes. [0025] The electrode plate of the el ectrode assenbly can be
conposed, forsukeundling thef basikinigcplate( prhef lit dédoyibed mgreinds ysefal fos icldanom)

or silicon c i.de. The el.ectrode plate is typically circular, and
can have a d%%é&i?rc&m%%terﬁho%h%elﬁﬁro%% even | arger, for
exanpl e. The [@D26] r Qdedpiirba dedirdiavwssamplies exisbit etdH & AR and @R as

fromabout 0.25 in_to %bout 0.5 in. The bhacking plate can be, )
conposed, f orUrdieamBy gttty alprae; ruraberaf if AowrS (1Me i errsguringwbichs
typicallysgcir ip%%b : oe%g@? | Lze of
the el ect rsgde@g}ﬁr%%g el eé??ggéa gs emﬁtﬁvﬂé%?'%%)ﬁﬂgggﬁﬁgﬂ’rgzpé
el ectrode, 3CelsclvdeagssamiligserThe degling of etohmiriogmanee ireswudts fromaposi t e

hower head el [ | er,.such _as, an out.er
Eacki ng ri ng’Cq'f;c\tﬂggg&ﬁ%%ﬁé%%ﬁlﬁ@%g@%@%%'ﬁh&ﬁiiacfthcbdet%ﬁembeﬁes
backi ng pl at eas Wbléakicbﬂtmziaaiiidnedf ﬂtnersﬂlconiosﬁgusebﬂt(;'nef @chwﬂ?m!ﬁlhﬁ,
i nner conposi.te, showerhead el ectode. ed silicon el ectrode
assenbl i reTE eﬂﬁeiBPFW dhereR Bragius Ogtﬁﬁ dﬁ%ﬁr‘%ﬁf "RFESS-drift after a
| 'arge nuniger [0D2F Sicoh sUirfabBs biuseiieieciibdd BssaMMIfy car BélpBlished to

frequency power is used to generate the plasma) are run using the
el ect rode asdemavediackrsiicoreand athesmetalgonfrmingtion thasetremu| Metallicom

changes in tg%ﬁﬂ%ﬂ{s%’é’n B& .eﬁf&?erﬁlk'r%@%?a@ﬂéﬁfﬁﬁcdﬂ sdﬁfce%lo‘?%ﬁx[:l{?de

assenblies a as contam nati o con surface o he
el ect rode assdediradesasdembliesfwithiviut Hisaolering theosilican sdrfades i wipea witlo

etch process. L0 - Silicon surfaces. of .used el ectrqde, assenl.ies
can be por | sifdty® Sphlion, Whiiheblibed B8 ik ol Yaincl G s S ey
cont aman?fsi orbcirid_efgerfnﬁatﬁnaflé\/EAactdrdmgﬁpEtc&i@bgwﬁtﬁov@ét‘c%ieéﬁd @tc@nh Iy
renoved fromsiJicon surfaces of, K such el ectrode assenblies w thout

i scol or i ng. tREOBTRY E8 De T RES EACHP G NP BPY CapTgites slscipRgn.
whi ch reducegsdsBapijesk of danage to el ectrode assenbly

[0028] Dielectric etch systems (e.g., Lam 2300 Exelan® and Lam Exelan®
HPT) may contain silicon showerhead electrode assemblies containing gas

20 outlets. As disclosed in commonly owned U.S. Pat. No. 6,376,385, which is
incorporated herein by reference, an electrode assembly for a plasma
reaction chamber wherein processing of a semiconductor substrate such as
a single wafer can be carried out may include a support member such as a
graphite backing ring or member, an electrode such as a silicon showerhead

25 electrode in the form of a circular disk of uniform thickness and an
elastomeric joint between the support member and the electrode. The
elastomeric joint allows movement between the support member and the
electrode to compensate for thermal expansion as a result of temperature
cycling of the electrode assembly. The elastomeric joint can include an

30 electrically and/or thermally conductive filler and the elastomer can be a
catalyst-cured polymer which is stable at high temperatures. For example,

the elastomer bonding material may comprise silicon polymer and aluminum
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15 bonding materials. Accordingly, process wi ndow etch rate and etch
uniformty can be restored to acceptable |levels by cleaning the

el ect rode WOSBWHN?RS. [0028] Dielectric etch systems (&G/US2P08/0323D0
Exel an(r) and Lam Exel an@ HPT) may contain silicon showerhead

el ectrode assenblies containing gas 20 outlets. As disclosed in
commonly owned U.S. Pat. No. 6,376,385, which is incorporated herein
by reference, an el ectrode assenbly for a plasnma reaction chanber
wher ei n pr oc edkiyrmpvaierdillse ninaodeutot avoid adrsttctirigethewatidia solaition mathethe

waf er can be carJied out i ncl ude a support, nenber ,such as .
graphi te backiasing Mstenal G hseieotinde pesrmidiontigh max damags s fonding
shower head 25materiet, tRgl8ilicon shfaé@bnhefuseddlédirddrrasdiefiolPls praidrasin

t hi ckness and an el astoneric joint between the support nmenber and the

el ectrode. THuPedydthotheradidic pINtionl | ows novenent bet ween the support

menber and t Ctar, ' S a
result of %te@g?gfutﬁga g@@%ﬁ%g o% s?ﬁ@%?%%@%@?%%ﬁ%’ﬁgéqﬁgté
el ast oneri ¢ jelecirodeanng ac medtbexrsugoehdiograndahéyelactddde and eptienially
conductive fi]ler | ast oner_.c e a_ catal yst-cyre ol yner
which is st abéleé’%é?t%ﬁﬁg‘%ﬁaﬁgﬁbgf étr v eog .G??r—[%‘%"g 5'%; ﬁ‘ﬁ&"ﬁ?'&%‘?&%&e
008! 132035001, o008, Oamaa T ol oy Amane oy f@pd’?’égmgg"‘“’am’ o
al | oy powder filler. order to avoi
Contact oo 1 A5 300 ETG vt 168 SOP SRECE S 1% E ek PECiTane Grormher may

el ect r odepass@ifbrise AMaCSUERE HRIRBEvAIEE cDRIEIRE. SRHRSitdthe iR8r
silicon surface of the used el ectrode assenbly™is preferably w ped

with the aci dilectsaiasthenutes elegtrdp meraber ismagfevably pravidast withie backing
ol ; _ . )
oo o o L BB S20° UL T SA5p e ool BRI BrsoeR e

an inner ele e ‘an pt1ona ere rrng-o
di el ectri c nawkich éhe ollee etactrede eh@ubentay ierdiestomer berded. The backing
extendi ng the_el

B R A S e e

15 mounting holes for mounting in a capacitively coupled plasma processing
tool. Both the inner electrode and outer electrode member are preferably
comprised of single crystalline silicon, in order to minimize electrode
assembly contaminants. The outer electrode member may be comprised of‘
a number of segments (e.g., six segments of single crystalline silicon,

20 arranged in an annular configuration, each of the segments being bonded
(e.g., elastomer bonded) to a backing member. Further, adjacent segments
in the annular configuration may be overlapping, with gaps or joints between
the adjacent segments.

[0030] Silicon electrode assemblies used in dielectric etch tools deteriorate

25  after a large number of RF hours are run using the electrode assemblies, in
part due to the formation of black silicon. “Black silicon” can form on a
plasma exposed silicon surface as a result of the surface being micro-
masked by contaminants deposited on the surface during plasma processing
operations. Specific plasma processing conditions affected by the formation

30 of black silicon include high nitrogen and low oxygen and CF concentrations
at moderate RF power, as used during etching of low K vias. The micro-
masked surface regions can be on the scale of from about 10 nm to about
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10 conprise a flat surface and a beveled outer edge. Simlar to the

i nner electrode, the outer el ectrode nmenber is preferab| rovi ded
with a bac Pﬁgwﬁé%%gr, e.g., the outer ring may conpriégxé 2008/003223

el ectrically grounded ring to which the outer el ectrode nenber may be
el astomer bonded. The backi ng nenber of the inner el ectrode and/or
outer el ectrode nmenber may have 15 nounting holes for nmounting in a
capacitively coupled plasm processing tool. Both the inner el ectrode
and outer el 8 MierensoMBaile Boleviphias & BBIDPUDE ip AN eartisulasithesry, black

crystalline skl ' LNLIH 5
cont am nant s. "t rmeloRpHife bhsMdblideaR AELE BER RO dtode for e
of segnments (athgr silisorx paspistdlisved tosoctyl as @ restlhbf hore-centiguous, pdimer
arranged in ap, an ul ar gconf.i uraltion ach of the segnments be'{.n
bonded (e. g. , SeRRLOsHR sl Segiada QG RlarRREPCeselg Frsrations.

adj acent FegnEOBY] | A Advecamtilous pofithe s psit@anTeym BA tRY PldspiRbRbsed
with gaps or joints between the adjacent segnents. [0030] Silicon

el ectrode assBHiRcCe8 - Qudbg boton syriacegf@ %'ﬂQﬂ‘i‘ YRRSr elegdiode; dudnga prain
after a lar 9eeteHan‘gg&?jgfeort%gcq@g5%@&% WhatdBainth & Eégﬁo%hfzﬁ‘?%gpgﬁ}e.

assenblies, in part d ) formation of I con.
silicon" can sushrasosilicorpbxidenar expudatielectricanatesal lbyer Hee polyewnl t  of

the surface b LT CLO- n ) osited on, the
surface. dur P RRUE WP G BIREE g s BRhBPBAE Mg e fiBhipeT

pr o?:ez Si Hg) (r:] csmléﬁivetySprafe;cEidieadndarlyidgewrgﬁdgFﬁtdm rtcHh@f ObkedleedieHikeon

i nclude hig itrogen a ow oxygen and, copcentrations at
moderate RF dnBRB?t,' ar&?@ﬁ“ﬁ&rq%ﬂﬁf‘é‘?ﬁwsﬁeq IPW?%%’?“%N@“ the

m cr o- masked r%gdﬁ@ﬁﬁs,rtﬁ&ég?%c@é@rélﬁlgqﬂetrﬁ@rosﬁéb_ﬁingfméd}ﬁms%b%ﬁ bldeknm
to about WD 2008/ 112225PCT/ US2008/ 003223 10 m crons. Wil e not

wi shing to beSikOmRIOPagaLiaN Pind theirarinietehing stepl fat sueessive subsiratesi on
on the pl asmengXpas st ffisottloidehlng i & pfGbiME8dlufidtegion(s)
silicon part) is believed to occur as resu of 'non-conti guods

pol ymer deépogesilimindhe ftvenatidni af eoselyespacede ndedledife pr asddike featessiang

ol asnm expos e ShPdeo eSS FEithiel A BiR TR AERGBhectEB b R pper

el ectrode, dunodifled regions ef thkei diiCost Repfabe) which bagesitrdiselragiohs ¢o have a
materi al on senm conduct or sébstratﬁi,s such as silicon oxide or a

| ow-k di el ect?3e FRR&arante.| The peedigdikganicrateatiups are slosslyispared andr m
t hr ee- di mensi@nalpich®) Reds hildyth BF B sttt 4B é@.gﬁ‘i}nﬁ%ia\b%wsﬁfo@bect

the underlying surface frometching. Once need I ke Tormations are
forned, gol yrien (2@ pevi(erd imseme drstangcastcandiaviead lepgtnas highraseabeuttli ps,

Ry i At e b
The non- uni f cabout &gt r opi ¢ et ching of the micro-masked surface
region(s) [0032] Silicon surfaces of electrode assemblies affected by black silicon
may be recovered by polishing. Prior to polishing, the electrode assembly
25 may be pre-cleaned to remove foreign materials. Such pre-cleaning may
include CO2 snow blasting, which involves directing a stream of small flakes
of dry ice (e.g., generated by expanding liquid CO; to atmospheric pressure
through a nozzle, thereby forming soft flakes of C0,) at the surface being
treated, so that the flakes hit small particulate contaminants less than one
30 micron in size on the substrate, then vaporize via sublimation, lifting the
contaminants from the surface. The contaminants and the CQO, gas then

typically are passed through a filter, such as a high efficiency particulate air
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15results in the formation of closely-spaced, needle-like or rod-1ike
features on the surface. These features can prevent Ilqht from

refl ecti ngVPri8¥{ i #eé5 nodi fi ed regions of the silicon suf@ES2VUFMPRE

causes those regions to have a bl ack appearance. The needl e-Ilike
mcro features are closely spaced and can typically have a | ength of
fromabout 10 nm (0.01 pm to about 50,000 20 nm (50 pm) (and in sone
I nstances can have a |l ength as high as about 1 mm or even greater),
and can typi cédERANGItes, whekedthl cohtdmioantslzratcoll€ctednand thd gas iS@lgased.

0032] Silico rface f el trodea lie ffected bl ask
i1 con may oA EARERG OcF by THE AR RRRRNG e lr FE Ry BumL ™

el ectrode asseimingralallyayailabledfemclapaneslstems SReY ECHUM Vistd, ORIFS! Paios -
Such pre-cl eanlwg' may i nclude CO2 snow bl asting, which i nvol ves

directing a srRAsHE, Yieglectodgassemblympay; t?ﬁéc'F@"@d with @setanesandigr
expandi ng g i Gghehd ggza;@q@t 'iib?lé‘ﬂ% §a HESRENEdL éQé’rHElg B&lifRmer rsed in

thereby formng s es of the surtace treate
t hat the fl akaceione fogri@imlmsamwwd to@ammmamcsm ohdepasite. 30

mcron in si t tr 0 Y tion
lifting the 0988k PoISHRS cbRidfieet BRBR L fedsng dibckBBt &Remply
CfOfZ gas then mryallaifté Imar@;@gpnﬁmg%ﬁé@tl wﬂgiggggﬁrﬁgegroou%gbsz g;lacszﬂiéjprg\her
efficiency part

Filtor wher 2ndadishing. DeiineiOds 25 eaResrareRe IROTEGHATH (484 Eabed.
An exanplig ofinghed)isiy @nc&ﬁ@f«wg@aemﬂe@m@&aarsﬁiceﬁ sUﬁa@@%&ﬂéﬂbHTM
commercial ly availabl e from Vatran Systens, (Ch Vista,

Calif.). Priotndescposipshiumging wates| lé@tﬂﬁ@fct@ rag@éﬁﬁllry aﬁéyea@ the elgntade
wi th acetone %sg%frﬁ:{%@et SRRV Atefls RrnPhd 2 a%%'fehgteﬁ éﬁj‘fﬁbqq‘?

assenbly may rsed 1 n acetone o m-nut
renove or ganiplishingnwhimh |s|eqz)bs|d@ne[ﬂd@3®]hePellectrmmgssmn’plmsslefsce The

o .
Gri ndi g wheel oG S Y rE0LAS B T REaR R BRTCRHE b orBani ng
t he el ecttibodeSaabBI8K.y Thepolistting precedass (i2d the ReRttior afid.seuénce of the

10i nches) usi n not her V\hegql ., Preferably, the ?i licon surface is
pol i shed undeROISBRGERET fig AgPaRASPN thedegrae ol famagkst &riHiomnd

keep the el ecirede o@%@&ﬁébﬁo&@bssé@ﬁ@lg water is added, a slurry nmay be
generated during the polishing, which is to be cleaned fromthe

el ectrode asd8fdfly b‘@ewg@plmngeor damage is observed on the silicon electrode
assembly, polishing can begin with, for example, a 140 or 160 grit diamond

20  polishing disk until a uniform flat surface is achieved. Subsequent polishing
can be with, for example, 220, 280, 360, 800, and/or 1350 grit diamond
polishing disks. If minor pitting or damage is observed on the silicon
electrode assembly, polishing can begin with, for example, a 280 grit
diamond polishing disk until a uniform flat surface is achieved. Subsequent

25 polishing can be with, for example, 360, 800, and/or 1350 grit diamond
polishing disks.

[0035] During polishing, the electrode assembly is attached to a turntable,
with a rotation speed of preferably about 40-160 rpm. A uniform, but not
strong, force is preferably applied during polishing, as a strong force may

30 cause damage to the silicon surface or bonding area of the electrode
assembly. Accordingly, the polishing process may take a significant amount
of time, depending on the degree of pitting or damage on the electrode

-9-



el ectrode assenbly may be polished first usitng an Er goSCRUBTM and

15Scr ubDl SK. The &gl_i shing procedure (i.e., the selection and
sequence oVOA®WH2? shi ng paper used), depends on the d&dfedogi03223
damage of the silicon surface of the el ectrode assenbly. [0034] If

severe pitting or danmage is observed on the silicon el ectrode
assenbly, polishing can begin with, for exanple, a 140 or 160 grit
di anond 20polishing disk until a uniformflat surface is achieved.
Subsequent podgsentbly The shapeant anglerofecaonteeele?ode H8Q or 36&OMb&Ue,g.,

and/ or 1350 It di ol i shi di.sks, monor pittin r. damage
observed aheonEHaRe Bkt BR R strEEand Ind BliHiehitk B s g
with, for exgefetablg R8ftaiied dahirmPoidhg) |16 0rde tdirRkirbige igarticlemi f or m
flat surface is achi eved. Subsequecft, 25 pol i shi n& can be with, for
exanpl e, 360, raRREI 1BHHE G2s L1EIgISANG WilhidRIRE YsleErdepsseniies] 9035
During polsi shidishizéd§aldragiin Hdg b@%&%ﬁttbYeﬁmévé‘?hﬁfci&?gér%réteb%&h@m e,
wth a rotati-on speed of preferably about 40-160 rpni A uniforny but
not strong, freliskingdrgm éhegad pytlets@nddeintsuvhengves changing polishiag diskeng

e o o0 ARG SR RS Sl Ry BRISLIR R FB, 0L
signi ficant gabghingadisks. ne, dependi ng on the degree of pitting or
damge on LBk ERS,NOASHR, RERISECT a0y onsez) sgentL.
i nt er f acgobetwinedeibheel vadtesand BRAvredl). tThe Refaek e8ughieds dtdeRbleciode
preferably maintained during polishing. In order to mnimze
particl es assembly may be méasured using, for example, a Surfscan system. The
surface roughness of the electrode assembly is preferably approximately 8
p-inches or less.
[0037] The electrode assembly is preferably immersed in deionized water
16  at 80° C for 1 hour in order to loosen particles that may be trapped in gas
outlets and joints in the electrode assembly. The electrode assembly may
be ultrasonically cleaned for 30 minutes in deionized water at about 60° C, to
remove particles from the surface of the electrode assembly. The electrode
assembly may be moved up and down within the ultrasonic bath during the
20  ultrasonic cleaning in order to help remove trapped particles.
[0038] The electrode assembly, including gas outlets and joints or
mounting holes of the electrode assembly, may be cleaned using a
nitrogen/deionized water gun at a pressure of less than or equal to 50 psi.
Special handling may be needed to avoid damaging or impacting a graphite
25  backing member of the electrode assembly, as the graphite surface of a
used electrode assembly might have a loose surface structure. Cleanroom
paper, nylon wire, or white thread may be used to check particle removal
quality, for example, from gas outlets and joints of the electrode assembly.
The electrode assembly may be dried using a nitrogen gun at a pressure
30 less than or equal to 50 psi. _
[0039] Following polishing, the electrode assembly may be cleaned with a
solution of deionized water and isopropyl alcohol, preferably ultrasonic, to
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trapped inside gas outlets and within joints of el ectrode assenbli es,
a 5 deionized water gun may be used to renove particles generated
during pol VORPHH1#2dm t he gas outlets and joi nts wheneV&ETERYEGIHS
pol i shing disks and U traSO.VO Scr ubPADs may be used to renove
particles fromthe polishing disks. [0036] Follow ng polishing, the
el ectrode assenbly is preferably rinsed 10 with dei oni zed water and
bl owmn dry. The surface roughness of the el ectrode assenbly may be
measur ed usi ngmdversaubiaphetal cortamirsnis) sk Benfor Ekempie, fsadium saitfiness

of the electrg assemnmbl y i referably approximately 8 p-inches or
Cess. [ o037 AiesSRECTistand oBapuOR iR BRL AL 8 Ay upRosior
dei oni zed watfesmedtod@Oadsehiblicd. Poweakip aoiiesr iearlnetansdlafidn, cl es
that may be trapped in gas outlets and joints in the el ectrode

assenbl y. Thedescabed iydeiad halayyremayes inseluble msialsaltsysugheahder for 30

m nut es i i ded o 80~ & ; b ; v . ;
t he surfac%e g%%}%gé?ge@gjﬁ)ggéaatg'se Ieg.gxgﬁéilgfggﬁéb %&Zés?gﬁbﬁngr{%%g

nmoved up and thewaelwTheiasiditgolution iswmaveddtam the elegtrote agsemblyaising ¢

ol octroge asesinged wifet uREBHE SHEFRE SR, Fleper i Bhestiivgy
hol es of the mefsrhblpdiows deyrbsivg filtaredostrogeragasianis bagn daked prior to final

ni t rogen/ dei qni zed. wat e n at a pressure of less than or equal to
50 psi. Speci'8fP 'Hﬂquﬁg"%&?%‘&- needed to avoi d damagi ng or inpacting

a graphi 4® 2900a6Ki Moo REHGY aSitlic drhedk ABLIFrANR I ARTHEBPING redsoVid 8f silicon

graphite surface of a used ‘el ectrode assenbly m_%?t have a | oose
surface struciuitase replebseaminaie maysanerrisg: rie01-57% Wi« a5t3%ad may

be used to c tq | Ul 4 I Lol
outlets and jh-g%@(ﬁ?(gﬁgﬂqb%?%%?%oﬁg‘gési@n%qc{?%%ﬁéa@% e@tt?%re a%@@r?‘gf’y
may be dri ed theiwepkly atidicageeagoautial slytionssay eopries:s 0tdHa2%aiHgtrial

ol cancd wi ¢ h B Co O Sle HatSoe b cEhgaEe SR, Pellsorion
pref erablg uldy cnstatirgy agents ih2eA8didARTsoirsddtiS2RAB(FIVBRR 3nd
surfactants, can also be added to the cleaning solution to enhance the
efficiency and chemical reaction rate.
[0041] Hydrolysis of ammonium fluoride (NH4F) in the acidic solution
generates hydrofluoric acid and ammonium hydroxide. Hydrofluoric acid
20  helps etch the silicon surface. However, excess hydrofluoric acid is
undesirable in cleaning elastomer bonded silicon electrode assemblies, as
hydrofluoric acid may cause decomposition of silicon polymer. Ammonia,
provided through solution balance with ammonium ions, is an excellent
complexing agent that forms stable complex metal ions with many transition
25 metals, such as, for example, copper and iron. Thus, the presence of
ammonium helps improve metal removal efficiency.
[0042] Hydrogen peroxide {H,0O3) is a strong oxidizer, which helps to
remove not only organic contaminants, but also metal contaminants. As an
oxidant, hydrogen peroxide can oxidize transition metals to higher chemical
30 states to form soluble complexes with ammonia, as described above,
Further, hydrogen peroxide can form chelating complexes with many metal
ions to improve cleaning efficiency. Acetic acid (HAc) and ammonium
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renove soluble netal contam nants, such as, for exanple, sodi um

salts, potassium salts, and combinations thereof as wel | J)
dep05| ti onP2183223t r ode assenblies. A weakl y acidic oPrCTHégéi’ 81 ?3r aI

solution, described in detail below renoves insoluble nmetal salts,
such as, for 5exanple, calciumsilicate, copper oxide, zinc oxide,
titania, and conbi nations thereof. The acidic solution is renoved
fromthe el ectrode assenbly using deionized water, ultrasonic
preferred. Fiadthte, (M—hﬂcﬁabewlerasc@fﬁssemﬁbys s mairddiarthblpH of thersotitipn

flterednt as andoen rior,to final .in i on
;ﬁhngaclkagl ng® ‘féf%‘@%&]d'gﬂénﬁ@aﬂﬁ ral E Ef{)p%r@aqe'%ﬁ?q&iat mg
for the renovgefarhblyiHdscoresistivitpe Fam&@thgﬁnt@mohahm/dmxmﬁmw se:
0. 01- 5% NH4F+5- 30% H202+0. 01- 10% HAc+0- 5% NH4Ac+bal ance UPW

anot her enbod?HBHEMt he weakly acidic or near neutral sol ution may

compri se: e, Yoa%) NHfrHAe RUMERA2 1 Bt 1beO AL D BleERSEe

UPW Additives, such 15 as chel ating agen
et hyl enedi ani arsembiviscehernically attqmw tharadlmmlamrarltlstal cantamirsmibe

dded to th enhance effLchen and chem cal
?eagt i O(I‘)l rate eﬂe?%@‘lg??d&ﬁq&&b é/)és}néqg Sé‘ﬁ%ﬁ'r“ﬁﬂ‘f? ‘P{}&?leéeec (‘%ﬁéﬂ—s)s Fﬁ’? Eﬁl
acidi c sol utithe a@&ﬂlesalu%n h}fdfe@élbly@yvapmgL gs apﬂomwﬁd@/ﬂéom de.
Hydr of | uori c egm d s etc sil]con surface. weve excess

hydr of | uori c et esa Y eeaq'wép 'Hnné\cendsgta&ﬁewtasbﬂéf@& agdi¢ con

el ect r ode gas sgyMiidrewith #fe BaEkiR MeMbes o@fbbﬂdiﬁ@)@ré@%u@%@emﬁlw ion of
silicon polyner. Amonia provided through solution balance w'th

anmoni um i onsconf%Ct'é!S anky the %HﬁOWﬁﬂC@ﬂfrﬁ@P glgetiode pasemblyrwithsthetacidic
conpl ex net algy Lﬂfb?l B%H?é% tcff%’lﬂééﬁtﬂ@kﬁm #3@5 tﬁé’gmc@ﬁ unff&ge of the
ro us sSence

exanpl e, copper anmoni
i nprove net alele@mﬂmasmblytmbe)suppoded facing downward whlle the s:hcon

surface is cleaned. With the silicon surface of the electrode assembly

15  supported facing downward, excess acidic solution applied to the silicon
surface can be collected after dripping off of the silicon surface, as opposed .
to flowing to the backing member or bonding area. The backing member
and bonding area are further protected by flowing nitrogen gas (N2) through
the showerhead gas outlets from the backing plate side to the electrode

20 plate side minimizing or eliminating acid traveling up the gas outlets by
capillary action.
[0044] Additional measures to avoid accidental contact of the acidic
solution with the backing member or bonding area include drying the
electrode assembly after wiping using compressed nitrogen gas, blown from

25 the backing member down to the silicon surface, and blowing any residual
solution from the silicon surface. After wiping, the solution is removed from
the electrode assembly by rinsing the electrode assembly with deionized
water. The cleaning kit allows flushing the showerhead electrode with water
through the gas outlets from the silicon electrode side to the backing plate

30  side to avoid contaminants from the backing plate depositing on the silicon
electrode. The composite electrode assembly is blow dried under nitrogen
gas (N2), baked and bagged utilizing a series of fixtures and stands of the
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[ 0042] Hydrogen peroxide (H202) is a strong oxidizer; which hel ps to

renove not % ani c contam nants, but also netal contam nant
an oxi dant¥ 166'2?1 peroxi de can oxidi ze transition nmdtdf légz?“(ﬁm?ﬁzéﬁwer

cheni cal 30 states to form sol uble conpl exes wi th anmoni a, as

descri bed above. Further, hydrogen peroxide can form chel ating

conpl exes with many netal ions to inprove cleaning efficiency. Acetic
acid (HAc) and ammoni um WO 2008/ 112225PCT/ US2008/ 003223 acet ate
(NH4Ac) ser vecleanipakitde eliminate omdtinle cantamination saurpes, sichidve copisistérdn

Kl
(o pr ot ora s HiedIed neliob aing g eddk BB BELSRER i Bing o .
(18 megaohms/propessing.0043] To further reduce the risk that the
tho acidic sdolesbnThicisats kK arEEs s Rehoreamby Com Eanel Nare
silicon sw f agreRbirbié cahRE WHSIEs S RRIEhY cmﬁpbs&élshéwémeed%&rdd%n

preferably by wi ping, as opposed to soaking the el ectrode assenmbly in

the acidic sdiminating %%qtdremaﬂ ceriaetywth 6‘@ Q'@Féfq;i@i tgike dleared.ufBon
wi th the backifgrigahericon, banded oaere,agéé»rddwetfpoq% [ SEmBYsfONt act 1 ng

only the silicon surface of the electrode ass e acidic
sol uti on and dhpwesherad electrodé d iforgcléaning hihealecmmietdmenem 10Qien

oni o the si INABrEE Tt S0P e et Gy DR OO i BERP s AR TN e

el ect r odelOas sTHI ThelBlestrpe carier fla0icomplicns Was ¢lectrsde TarmsHHilies 101,
solution appljed to the silicon surface can be collected after

dri ppi ng of f Which supstaptialy syrund the copmesite elestiods /Ry The t he
backi ng ”E”beﬁleﬁl‘od%%lﬂhéﬂhélf €& isTjBMchas ‘é‘lé@ﬁro@%rgé?r“eﬁ%% ‘R?Z‘ﬂltﬁ‘%aﬁfu?@d

are further protected by flowing nitro gas t hrough t
shower head gdBumbtscedws fl2@ihrongh l@ab’l@fﬁg’ qxtemctm@ bdesaaﬂ 3eF @De%ﬂ isbde's

20pl ate side 4} ?'Ir%ﬁ 'ei&tr%ﬁeeﬂ?%%%fﬁ ﬁ% %ﬁbs‘it[&%\ﬁgt\)eﬂgealﬂoelggﬁocgéazm

outlets by caprillary action tional “neasures 10 avoli
acci dent db ccamdathegafsQMIetsat?zdsnpmtambyoirtneva!echrddeecdnﬁieﬂdOtg menber or

o oS oo o D081 T Ryl Badiyfe bials'Sa8 378 Toed RS & orth cBfhptShd
showerhead electrode 170 rests on inwardly extending projections 110
shown in FIGs. 2A and 2B. The horizontally extending opening 124 in the
boss 122 captures the thumb screw 120 (FIG. 1) and the threaded opening

20 126 that receives the thumbscrew 120 to secure the two electrode carrier
halves 101, 102 together is shown in FIG 2B. The opposing handles 116
allow manual lifting of the electrode carrier 100. FIG. 3 shows the aluminum
backing plate side 176 of the composite showerhead electrode 170 resting
on the inwardly extending projections 110 and the electrode carrier 100

25  supported on an acid treatment stand 200. The acid treatment stand 200
comprises a generally flat base 202 and three posts 204 extending vertically
from the base 202. The electrode carrier 100 includes three or more holes
103 (e.g., 6 equally spaced holes allow the carrier to be oriented in various
positions) to receive tips 206 of the posts 204 thereby securely holding the

30 electrode carrier 100 in a stable manner. In an embodiment, the electrode
carrier halves 101, 102 may be made from a chemically resistant material,
such as polypropylene, which is chemically resistant to acids and the thumb
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25 the backi ng nmenber down to the silicon surface, and bl owi ng any

residual solution fromthe silicon surface. After wi ping, the
sol ution iYORBRNFAS from the el ectrode assenbly by ri ndiGTSeefs 003223

el ectrode assenbly with deionized water. The cleaning kit allows
flushing the showerhead el ectrode with water through the gas outlets
fromthe silicon electrode side to the backing plate 30 side to avoid
contam nants fromthe backing plate depositing on the silicon

el ectrode. Therawnpaeinay k¢ swdeddsn aschemitslly resistant noatedal, sucheas

ni trogen gas (N2 ke n utilizing a series of fixtures
and st ands Ofp(quﬁ)éher eig?)@f’%igg‘ggggﬂ US2008/ 003223 cleaning kit to
elimnate nul[bogfle AerhawiniatFiGs. 48X 8RS 5Ba8 Hirst\(fate BTDI (Spidler prits)
controlled part processing and reduce the risk of part damage during

processi ng. [0@USEs iAvE fandempig apd fourdpymplisergwsnidde| Erare it il senbl y
to be cl e@”e%rﬁl?aﬁygx?éhd?ﬂgeéibfs &%ﬁ'irﬁ{ergégﬁﬁ%?{tﬁﬁﬁéh%ﬁsnﬁacet106 of

conposi te showerhead el ectrode, elimnatin human contact with
t he el ect r oddhe elastrodbeariat. 108doireceive thet fahges J02@n the fist plhtec30bde

carrier 100 ) ' hower head. .el ectr ogde 0 far

et ng. o RRBbrerfia” SIS 1 74 SN QR SRR B g veRiealy ¢, o
surface (1 giodeekté:ﬁﬁ]_ gialdtsm@amd'@gmf@@@qxélﬂﬁ)i?ﬂﬁ&@r})&\fﬁbagalvﬁc&ﬂ ihee
carrier onpri.s two electrode carrier halves , I C
subst anti al | y'f Lﬂj?tﬁm Ispata 6@?‘%@9@[-&%@'?&!%“@’73@.031‘%‘ t@fﬁcgﬂeagﬁe
carrier half flQlplats J00 i9esktRCOIEHe AEQréR EarREr 1A0 by ILAddes 302
captured thunb screws 120 through outwardly extendi ng bosses 122

Figure 1 shovetatemsindhpigreeves Eld thyrabscrewsi3@d asr theiestadates¥o ean be
hower head el : . I 174 t he

ZI ectrode carsrefég?&ﬁg%&ﬁ%ﬁ%cfg%%niﬁ 3%1@ 'nrﬁ*r%bag%@fnr]?gn Bﬁig%’g?éfog%e?%

(see FI G 3) cofnposée sbopedicad alecvaichtdll ElG @ shoves 4 tétailedtvievonf the

i nwardly extendin jectio 10 ,shown in. F . 2A gnd,2B.. The

hor toont ai 1y TSI SEureND hep FARIPBIEATE sefitelid HeiefiSen
screw 12605( Ficerriek)1 (andyithehd bomposite siaverngad @lodtrotlB a7 Orseearac® thee

t hunbscrew 120 to secur.e e two el egérod,e carrier halves 101, 102

together is dercagies W, the,elegspde FrgiendRBIcas beibanyalyiifieeribef
lifting of tlyge ghiBGidAs@neatahl 200H)0he Haffdled SIBOWRNEHBvaF SUTHY Me

backing plate side 176 of the conposite showerhead el ectrode 170
resting silicon electrode face 172 of the composite showerhead electrode 170 is
facing downward, and replaced on the acid treatment stand 200 with the tips
20 of the posts 206 inserted in the electrode carrier holes 103.
[0048] As shown in FIG. 7 the electrode carrier 100 on the acid treatment
stand posts 204 allows the silicon surface of the electrode assembly 172
(See FIG. 1) to be supported facing downward to be acid cleaned by manual
wiping. FIG. 7 shows installation of a second plate 400 (N, purge plate).
25 The second plate 400 attaches to the electrode carrier second surface 107
and is sealed to the electrode carrier first surface 106 with an O-ring seal
{not shown). The second plate 400 has vertfcaliy extending locking flanges
410 with circumferentially extending cam surfaces 412 at the lower ends of
the locking flanges 410. The locking flanges 410 move vertically along
30 vertically extending slots 118 on an outer periphery of the electrode carrier
100. The cam surfaces 412 engage the electrode carrier second surface
107 and compress the seal as the second plate 400 is rotated with respect to
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on the inwardly extending projections 110 and the el ectrode carrier
on_an acid treatnment stand 200. The acid treatnent

100 25 supparte _
stand 200 @ﬁr?ﬁ?s?lé&”a generally flat base 202 and threepcf)%[éstz%"s pig2s

extending vertically fromthe base 202. The el ectrode carrier 100
i ncludes three or nore holes 103 (e.g., 6 equally spaced holes all ow
the carrier to be-oriented in various positions) to receive tips 206
of the posts 204 thereby securely holding the 30 el ectrode carrier

100 in a st aidhe eirotiede. carieraidle fHGdBrahows a detaded viemooka camrsusface

hal ves 101, 1 cal [ Lal ,
such as pol yg)zgl %p%@ﬁgﬁc}\%ﬁg@ﬁ%g%ﬁ%ﬁr@gﬁe%c}bég%%éﬁ’paq%cﬁgﬁggéh%ﬂd t he
thuﬂb scr;am&léﬁﬂ)dm;arﬁer edlend coveringcthe firstadlty 30??5i stant material,
such as poly et her ket ones EEK). .[0047] As shown in FIGs. 4, 5A
and 56 5 11 10888 Moy it Fam baduiodrer s Pereura g i,
and fOUf_ BhuasGhRrRYE03 A thelSRbAd P fte 14000 AVG ih{oc%ié MoleX4eBGh ik Sl ot's
112 on an inner periphery of the first surface 106 of the electrode

carrier 100 taupEeE pate |6 and ey cogespendingbolesrigd ipithe siligomplate
Circunferenti [ ' f

Verticarly e Znoresent e Ui IGHT GBS 10 bk Bl tilloh'ifip gas
grooves 114 \kodgs 1Tk 17i8rdutringl adtick cl@@0ingoftioe akpoked surfavesyfdlnd silicort he

el ectrode carri.er,-100. ce the 10first plate 300 js insta d on the
el ectrode carql'?i'tgr1%eﬁ%}l%a‘?“&gﬁab%e%igp@? ﬁleegiasf Ilﬁc’l?ﬁgs%r {l)Jé es 114,
thum_)screvys 308500 Fbm)vfrihgﬁsd?ie%tcﬂf &Qﬂméﬁm%cﬁﬁrﬁﬁi\ﬂ‘@éf thet Slliddw Raed
openi ngs 180 i.n the alum num plate 176 of the conposite showerhead

el ectrode 170.72A1Q the bator vahilgdiais flowved; thipugh tha@asihalgs Hl4i'd83be

secured to tRa:shd Bl a0Diftdindvidd SRFHecledifodd 8arRbLThE eaiﬁbéﬁ-ﬂéaﬁramyer
100. Wth the conposite showerhead el ectrode 170 secured to the

el ectrode caremered fom theeacid dreatmeny stand pests 204 of dhre seid treatraknystand
lifted off szopfeb%/ tﬁg'r%ntdfe%aﬁg? Wk 308r S9that¥nd BRcORBRLESad Hee 444 G

over so that 't
15 the composite showerhead electrode 170 is facing upward, and replaced on

the acid treatment stand 200 with the tips of the posts 206 inserted in the
electrode carrier holes 103 (or placed on tips of posts 224 of another
treatment stand 220 having a generally flat base 222). The first plate 300
can then be removed and the composite showerhead electrode 170 will rest

20 on inwardly extending projections 110 (shown in FIGs. 2A and 2B). As
shown in FIG. 9, the electrode carrier 100 on the treatment stand posts 224
allows the silicon surface of the electrode assembly 172 to be supported
facing upward to be rinsed. FIG. 9 shows installation of a third plate 500
(water rinse plate). The third plate 500 attaches to the electrode carrier first

25 surface 106 and is sealed to the electrode carrier second surface 107 with
an O-ring seal (not shown). The third plate 500 has vertically extending
locking flanges 510 with circumferentially extending cam surfaces 512 at the
lower ends of the locking flanges 510. The locking flanges 510 move
vertically along vertically extending slots 118 on an outer periphery of the

30 electrode carrier 100. The cam surfaces 512 engage the electrode carrier
first surface 106 and compress the seal as the third plate 500 is rotated with
respect to the electrode carrier 100,
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silicon electrode face 172 of the conposite showerhead el ectrode 170
s facing downward, and replaced on the acid treatnment stand 200 w

the ti psgzw SR Posts 206 inserted in the el ectrode '%%W%‘W"HW%S
103. [0048] As shown in FIG 7 the electrode carrier 100 on the acid
treatment stand posts 204 allows the silicon surface of the el ectrode
assenbly 172 (See FIG 1) to be supported facing downward to be acid
cl eaned by manual wiping. FIG 7 shows installation of a second plate
400 (N2 pur gel0gb4l e)Vates cambedeisediteg|under mpsassarmmsough theavater m[et

carrier 111 o502 BEIRRERRT o0 S A iR Gas hefex A infgualiom Ao dong
pl ate 400 hasanceetif 0@+é$£0&ﬁtr@1¢blé@1¥3ﬂkifﬂgaluﬂn&{lm?ﬁ!a4%37w lT'flhedt}'nrd Iatteh
[ nf t rf aces a e | ower ends o e
Cocki ng 1 L anglld 45 A1GHS walekirke Houst feoudbtingds bales 1ed: 105 duorg
30verticalgly fﬁiéhﬁi@dhmméké}to? tﬁéﬁle‘éﬂe@%uﬂé'ée%f PRIdilRiaRr a’féfﬂ‘.’:hﬁreventlng

el ectrode carrier "100. The cam surfaces engage the el ectrode
carri er secorkRfrtigles fea thebankingclatsr ﬁsﬁsfr@me:ogmmaynm the cleanedi siiten e

400 is rotat r LG 8
shows a det ai eglﬁbew o Qgcgﬁne%ﬁ%%a@é%ﬁﬁs%ﬁe gﬁgc?ﬁa?ilr%&q\’gghges 410
of the second0p52} e FiBO1 &maslﬂda tlectrboe ¢¥@estuppohteciarthe @leteararier
covering the f

i nt roduced un@g;griﬂrgggﬁw PHES aﬁtgf?ed@'r@gge %%@ﬁ &M@@a\mg Rialeond

pl ate 40Q0t o fhting/upaed 9TBe RIPYIARG stafdl 60D éditpAdas s BESR Baiee602 Qetdl
exit correspondin hoI es 174 1n the silicon éh/ate 172. The second

plate 400 t hiROSE PO GRYCE BPERINg CHRERPINIBAH theesizmef el eosnposite 173
during acid céh%wﬁ&cpénewsd@xpasaﬁ]éHumﬁofguspg%mewgfg? (3]172

preventing acid from seeping int e gas
Fol | owi ng a sxienskvesticallyi abavesaresprardéurfans ohthedbagefearmie!G02d0 spippor

the aluminum plate 176. The base plate 602 may include handles 608 to

15 manually manipulate the drying stand 600. The support posts 604 and the
electrode carrier 100 are configured to allow removal of the electrode carrier
100 from the composite showerhead electrode 170 without manually
touching the electrode 100. As shown in FIG. 11, each support member 612
supports the aluminum plate 176 along a line contact 614 to avoid water

20 trapping and water staining of the aluminum plate 176. The support
members 612 include vertical fingers 616 to prevent lateral movement of the
electrode plate 170. In an embodiment, the support members may be made
from a chemically resistant material, such as PEEK,
[0053] With the aluminum plate 176 supported by the support members

25 612 the first and second halves 101 and 102 of the electrode carrier 100 are
movable horizontally away from each other and detachable from the
composite showerhead electrode 170. FIG. 12 shows the composite
showerhead electrode 170 supported on the support members 612 of the
drying stand 600 with one half of the electrode carrier 101 which surrounded

30 half of the periphery of the composite showerhead electrode 170 removed.
The other half of the electrode carrier 102 is shown surrounding the other
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172 fromthe bottomwhile N2 is flowed through the gas holes 174; 178
the second plate 400 is renoved and the el ectrode carrier 100 can be
manual | y r¥Rei¥d132dm t he acid treatnent stand posts 204 T4S2005803323
treatment stand 200 by the handles 116, turned over so that the
silicon electrode face 172 of 15 the conposite showerhead el ectrode
170 is facing upward, and replaced on the acid treatnment stand 200
with the tips of the posts 206 inserted in the electrode carrier

hol es 103 ( orhaif afdbe periphenyofdfie pospssit2déhabterheat letectiodeatdepriordtd and
220 havi ng adgenerﬁlly flat base 222). The first plate 300 can then
be renoved a "FW@'conposite shower head el ectrode 170 will rest 20 on

inwardly ext gogssp PIG] £3EhOWS a¥dirth pENMIOD MhiblEEry plhe poéhleBio th‘é;

shown in FIG 9, the electrode carrier 100 on the treatnent stan

posts 224 al |RA%® fratee §PRiaventhasarapesiigrshomerbead elestiade d 8 mitey ther2 t o
b 4 . ; ; : f
e suppor tge eé@%rd& apner fod rléﬁ]cf\)eﬂs h@ﬁﬁ.s?ﬂpggtgegggaxﬂeqm%ﬁge

a third plat 0 (water rinse plate). ir attache
to the el ect rrods 6damat thair fips. sThe ousihrflatee’ (006 cladds iasms §QHendth operiegs

| ectrod i 107 wi.th AR h :
The third pi 405 SBB AERT0E TEST Aenbuht PR S R RLAESME . " 1 1
ci rcunf er ent igtigagedhé¢ erdaned erfs 610 fooemspred il atrhe 709 Wewnazes totedthe
| ocki ng flanges _510. The ]j ocking flanges 510 nove vertically al ong
vert ol |y oRreneitaes M bUibe s 240 dinnst i bRom ERPeAOA KR purh
el ect rodqocarmé@rvonHe|uare§g;g°ad@£réi?eﬁ.e@aé%nWﬁ%dhb& Bh@&t 5red&ure

carrier first surface 106 ress the seal as the third plate
500 is rot at dbronighrihe ggpéyet (@2 tohidow inde theosiicarplateegas boles\Wp4 and out

2008/ 112225PCE) ] j C

[ ow pr essur o % HToGahc TRachs auriir il ok, P nf el A a0u U
fl ow i nt o gayehipher dftde iconposite showernephatlectdodz BAlitoedow dry the
correspondi ng, hol e i.n the alumnumplate 176.,Jhe thir | at e
500 thus. al | SIEEREAH g dor Pudfati® AGeBR JendNghe e int SepbiSy 3
during 516l ushé feurth platePO®Ea® betrB®oot ¢ ane the bohpesitedshdwierhehti con
plate 172 preventing particles fromthe backing plate 176 from

cont ani nat i n§'8R@de] & atPrarted Wnths dyiag signd 6q ean badlagaddn an s
the third pl at 83kRE0BGINaMeaIl LTRSS [t9@ﬁ§$d|5£_§os,1%g&9ﬁ\§o§u%e

el ectrode 170 supportfed in the electrode carrier prior to being
| oner ed ont o showethasg eeanedesd00 gan hetramoyed froonthsl aren afterfthe bake,

post s 504, a teblgcert BNl cBEfulalt 83l AR 152 SobBRle =
conposi t 80shshewsdrhdetlectrodsl 70178, spatula maytbdasedio samgior themenber s
502 1o supporPHPRSTaFNRMALTReR dpardtes! P ramitte e stensbEod iy Feetude
handl es 608 0058] nAwRIdH thestesshtaheeritiba HisWeea ddseiBed #eontfttion

support posts 604 and the el ectrode carrier 100 are confi gur ed to
al | ow r enmovalWithrprefesres epbpdiments thareef, todl be ppraciated bydBeseskilled in

shower head el WMol ; : chi ode 100.
As shown in Igﬁ%é&ﬁ& a;édac dﬁss ﬂg%’g&'?ﬁ?ﬁgﬂn@e‘@%&@gég%@pg?%és}ﬁ?tﬁder%gllliﬁm num
pl at e 1785al spgcificallyriescohed mayole madeawitiicat departing from the spirit and

scope of the invention as defined in the appended claims.
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20 trapping and wat er *stai ning of the alum numplate 176. The support
menbers 612 include vertical fingers 616 to prevent |ateral novenent
of the electrode plate 170. In an enbodi nent, the support nenbers may
be made froma chenmically resistant material, such as PEEK. [0053]
Wth the alum num plate 176 supported by the support nenbers 25 612
the first and second hal ves 101 and 102 of the electrode carrier 100
are novabiVbatioclkeimadisl | y away from each ot her and detachable fromthe
conposite showerhead el ectrode 170. FIG 12 shows the conposite
shower head el ectrode 170 supported on the support nenbers 612 of the
dryi ng stand 600 wiA ¢learirg kitusefufor cleanioh eempaesile sbawerhead dledtragkiof b

sur roundeg,il @%Eﬁon@ha%@r \Qﬁérhg:?ﬁ%&:f Pgt ol O él&é@ﬂ@%fd&@@g

el ectrode 170 renoved. ectrode carrier 102 is
shown sur%"@enalatﬁgbqwéd& %aluwwwmmmsmm@moszzs hal f of

the periphery é?lfelédﬂl‘%dégﬁﬂgls\hﬁl% SIHPARE HRADRlo8iE §I‘R)%rl'§le;9 e@ctr@&e \;virth the
renoval . [0054 FIG 13 shows a fourth plate 700 (bl ow dry plate)
seal ed t GilicAB PIRIREOINE MRe 602 over the conposi te shower head el ectrode
170 after the Hradehtair r@arnglaafaségﬁd b%ldr&ﬁ@é‘f%@}lqﬂa_rhgos%wh[@lge

posts 604 have‘%ﬂ}r eaded rods 610 at their tips urth plate 700
i ncl udes WF FEC GRS 29P SWRRGLNS BB ClradRLagisEni ngs 706 sl ide al ong the

pﬁsts 604 and éﬁf&%lﬂdh&uoﬁ%&ama@ef?dﬂeldbbfﬁ@(t%ﬂ:trbwﬁarﬁdr(hrh(bn@@ﬂﬁfo%s
the arns

ward to, s ourt late 7
agai nst t"% rE)'H%'\gn "YERRLS B’B'ﬁﬁe eftgﬁ?k" B'PQ%["BS WWHQF%B%S“S gas
i nl et 70Zaho@ameaaalebtaodemntradasﬂadoruﬂdterexpasmswcehednhfgaug’eoﬁ he gas inl et
702 to flow int I|c uto
cor r espondi ngnaa eﬁé&ﬁ ot eatgagﬁ t(())qué1 f”f?%geagﬁ F’% 5@58”‘9}1@3"
per i pher ythefirst hleteomwp@tedﬁrea slbﬂmmehwi thd eeiond glatel 3@ the cbrhpwntdr y the

| ect rod
bl ow dry SESEel Breckfle, BEAIBOE e MARER H8% WARh cnbldel ind IS #80or
shower heettle eleelcedeqe IeI?Od 9 wpp inlatdlroagh whleh da%/q:mg)%mmﬂﬂce@@ndmn be
pl aced Irbr@gsuﬁaft%momnte%@ho@y.ma% uns:gmeaéﬁd'é}q csﬁgsp;aﬁ&ﬁépﬁeﬁ%

t he conposite showerhead el ectrode 1 n be renove oven
af t er t hdn Bg@dlicop glgte dhergonhplgtect/iaiing gas tabs Bavreddibienah Beraagdolesi t h
t he conmpqgiihgadt cﬁe@ﬁi\‘\@bh@t@@xﬁé&%@%ﬁﬁ% I ik sﬁoﬁgﬂ}té” a may be used to

transfer the conposite showerhead el ectrode 17 rom the drying stand
600 to the bad nF boIgts Whigh #EEEeS torfae 5?%eﬁtdeﬂﬁtr@rﬁ'ercéfﬁd%a@ﬂarew the

descri bedilicBn pREEYREhE OP, thé tmd@mé ﬁfcruemg%rﬂéadmamé dgBs trRMisctiolic W | |
be appreci at ed (iﬁdvagqmrﬁ?ttﬁ illed the art that additions, deletions,

modi fi c atqam% rlg{.lglbwglc &ater can be Introduced under pressure to flow
into gas holes in the silicon plate and exit corresponding gas holes in the aluminum

plate, the third plate allowing low pressure water to be flushed through the gas holes for
water rinsing the composite showerhead electrode after the cleaning the silicon surface;

a drying stand having a base frame and a plurality of posts, the base frame
supporting the electrode carrier and the composite showerhead electrode such that the
electrode carrier can be removed from the composite showerhead electrode without
manually touching the composite showerhead electrode;

a fourth plate including a seal which engages the base frame and a gas inlet
through which gas can be introduced under pressure to flow into gas holes in the silicon
plate and exit corresponding gas holes in the aluminum plate, the fourth plate allowing

gas to dry the composite showerhead electrode after a water rinsing step.
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25 specifically described may be nade wi thout departing fromthe
spirit and scope of the invention as defined in the appended cl ai ns.
What is clainmed is: 1. A cleaning kit useful for cleaning conposite
shower head el ectrode of a plasma reaction chanber wherein the
conposite showerhead el ectrode includes a silicon plate bonded to an
al um num backing plate, the kit conprising: an el ectrode
carrier whi ch Suppdiesitioheaipohpdsirgie therelewiobe aarriet aoiprisdefingt 4rd t he
silicon v, d a
ol ural 1y oL Mict @ atached (iR ERk iR 1D Bt alf S oRE
support tRestsancdugingorieingerrneriphery which fitssarpundsan gutsideoiihé cobmpesitaches to
a first rolel:y

Terber s v eh R e, o i el e R forR AR he
shower heaQal‘P%@c?th@a'eOW?ﬁ'W"%P'Pt%on pl ate exposed for cleaning

t her eof ; a second plate which attaches to the first side of the
el ectrode carrier such that the first plate is |located in a space

bet ween the setond Peditel daln 2 e einiisdirstoag inalicien ag @uiyasdly pygeding he
second plxysg, 4 Iﬁkﬁ”lz@%@ge)derﬁﬁ@ optRingfin @1@%@@%& é"%uf‘r\brséﬁewsdugﬁor@d ih bR

el ectrode Ca”'tﬁr an ﬂtas inlet thr 05 as can be introduced
under pr ¥80E: BSF?CBW ReRtRrsies apQuineard! ef‘tﬁBd'asl?B Sith pinsraded RRening t
cor r espondéerag vgash faakiess the thunsbssidw t@&@cuﬂb Mehirstt 4 seesshriglt@dether, the
al | owi ng ri ng . acid, cleaning

to be flowed thro
o Che" 2 830l sl iodGho sl Pridlfe falon Mdtallitig  pRcebue s
whi ch at taeieesviththd d:tenmxsﬁ@sidwmrl@@d(}a‘ledtibde elgpotted teram meefne\mrtrimré he

silicon - f thetlrd ing a sea

enghges iaPEionS EbHatParebitipt e oyt el At oDl Brolbmt B Pl o1
can be irﬁepodimardthermtmmteMrmlmdmg‘ﬂhmﬁ Rostsparbitie letrceede cartidre
silicon te,
the tni v arng et RUEESEONG % S3Re JBt TR Sl RABNE, .
gas hol esllpﬁ@fthﬁdhréﬁ prBtasi ing tieRtnardsfandi t e shower head el ectrode after
the cleaning the silicon surface; a drying stand having a base
frame and a plurality of posts, the base frame supporting the

el ectrode carrder dha kitREClaighadierain Slerlratnga garapriaeivdnse puehtyohat

the el ectysaRaIFaitéidig Q&E‘ oR&n r&%@y&%h%mnbkbﬁcoﬁm.hgwﬁnow head
el ectrode w t hout. nanua t ouchi n nposi te shower head

el ect r odesircumferentiglly %?rtdwgpﬂra@\feslaﬁg I“Efdﬁrﬂtd"%e gelideqAiptralibnef{lgases he

base fr arnenﬁgtde@togasve \nalrt&falifi \hmwfé s BRd GRS i TR JPSovieB hed uesistider
pressure .to in the |I|con | at e ?\nd exit

Cor r o5 porlaedth FsPea s Heyaie R G ClEdr e eResent pripers
al | owi ng mamrising thuntisbews avidsdahe et higta thredeetopedifgainttRe aRmner
rinsing sg 2. The kit of claim1l, wherein the el ectrode
carrier coafigrl ses first and second parts which are attached together
by at |east one fastener the first and second parts i ncludi ng an

i nner peri pher5y whi &an%r&’%%rem th%tﬁtrsI fﬂ?e INg ug%%fa 15%8?%?%%& Bns

shower head el ectro e or e | nwa
whi ch enghlgebsdmvsexposed surface of the al um num pl at e.

6. The kit of claim 1, wherein the second plate includes a plurality of
vertically extending locking flanges with circumferentially extending cam surfaces at
lower ends thereof, the electrode carrier includes a plurality of vertically extending slots
on an outer periphery thereof, the locking flanges configured to move vertically along the
slots and the cam surfaces configured to engage the second side of the electrode carrier

and compress the seal as the second plate is rotated with respect to the electrode
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3. The kit of claim2, wheréin the first part includes an outwardly
extendi ng boss, a horizontally extending opening in the boss and a

t hunbscrew supported in the opening, the second part includes an
outwardly extending boss with a threaded opening therein which
receives the thunbscrew to secure the first and second parts
together, the electrode carrier including opposed handles to all ow
manual | idarierg of the el ectrode carrier with the conposite showerhead
el ectrode supported thereon, the one or nore projections conprise
three projections on the flrst part and three projections on the
second part, the triggtkihtlaist Griehareio theoiesgnd bletedngiesisss pairad hamdies

el ect r odeg,gd{dirg eautwa}aftyqﬁére& cf?'ltoplpgét%tsﬂe@ro?ﬁm%lc?rﬁj Rlke cfach side of the
el ectrode carrier configured to receive tips of the three posts of

t he treatnment stand. 4. The kit of claim1, wherein the

el ectrode carrger imheliit@siam P wHerdih the tAifd Ml%fetlh&@désk SALRY m.édupt S
on an inner periphery thereof comunicating w circunferenti al

ext endi ngXFrEHedeckingfianges vith dicupyerertially, exfaa@gg aafb Bwiages gl/lower ‘Ffldénges

conf i gur eflefeor, Eﬁéveﬂedtn%ﬁé et Mcbddd Plutl of VertisalgReishiting Slotsort dfouter
grooves v\/nenhthg1 n% Eocgte S rota ed with respect to the el ectrode
of e6?°f P

carrier, RH8 F‘Ezﬁ@?ﬁﬁ?rﬁon fodney jcalbyongihrisiots 2k

whi ch canhbeascussed donfigurédioendegk MR aRit 8BS of fhetd‘eﬁ:trahélﬂérﬂ&l’fm@ ate.

5. The kit of claim4, erein the first plate our flanges
and four CRTBSPbRRaT s MR Bt o B éibeenioe Sleiiont B
second plate includes a pIuraIity of vertlcally extendlng | ocki ng
flanges with ¢frcu r. en
thereof, the elect %%ekﬁc%g@?ﬁe?/ |n5‘?' g“ rﬁﬁnree'ﬁ‘ [l’faf?si?ur\%?t?\p%}’af‘?y
ext endi nghesladedrodn ahthedips é‘rermlan@ﬂerfyurtmwateorﬁqludehéomaom wigh bpeningss
confi gur e es
cont 1 gur eie E RN LSRR o oAb ofind' Ry R JRAGAMAN o2 e
conpr ess hand ns'@afvhl%tsertgﬁge Hectbredded eade sp s toeanpdssihe irmedpevrardly ta he

el ect r odese,fRE fdfih-plate a amst tt?e badagkid of claim6, wherein the second
pl ate includes a pair 01g | es extending outwardly thereof on

opposite sides of the second pl at e. 8. The kit of claim1,
wherein the thigrd phatkg of Elﬁlh“@i%e?enﬁ)mérlﬁséﬁ‘r)ém‘éfmdﬂﬁfets'acc%h{eyoﬁéﬂﬁg{"d' ng
| ocking flanges with circunferentially extending cam surfaces

| ower end®PPIREPADE g Fige gf ta%ﬁ?raerés'te&w%'he@%@ﬁ?}ﬁ@g agd g Alyrality pisugport

vertical ImerﬁméreMidhgex@natvért@auyaamowbﬁnp;mrsu%@rdftﬁdﬂt%s@@ﬁamettb%nbwl ng
fl anges ¢ the slots and the cam

ured to ve v al | 0
surf aces © 'llu B'alto S‘T"?d\r/? tﬂggéaﬁ‘?r HR0 epriighred dRalicyt 1 er
and corrprrems\/al bétfﬁ@ibéctr&ﬁe t:dirﬁertfkum thefdoaipesiteSshotieficad elictrbdd. espect to
the el ectrode carrier. 9. The kit of claiml1, wherein the
base franme includes four posts having threaded rods at the tips
t her eof and thid.foa'merkatpfdalm10]@dhec&sthbcalﬂrctrademambrtdmnmﬁeeﬁ firgfsand
t heret hr ng._ the posts, the
kit incl %%?{;]}bd é%%re%ﬁﬁ%hw%h g&véﬁgﬁ%lpgﬂﬁé P rﬁ)e fyhrfgréd%dm HSd% so as to
conpr ess shheedeas e@olwnea thel fiysttand se@dndtmas being riovpblatherizmgée!lp stvay frem
base fram®eh other and ddtchabrrdfh Ihe¥on b@lie@tlﬁwe%% %|e?tr{a{la whiAife f rane
i ncludes a center opening apprOX|na e conposite
shower he&@mwpsite shomerhead stecpbdg @ISIJDRDF@ﬂ osippbage frameber s whi ch extend
vertically above an upper surface of the base frame to engage the
alum num pl ate, the support posts and el ectrode carrier being
configured to 131 | o Peihed af cleaningrcamresite shevarhead @lectiods f 2 piasma
conposi t GesHBWRHARBE lefGA BRARmMposite showeiwead-&&trg&é mQILdQ é‘blﬁ&o]a(blate

wherein the el ectrode carrier conprises first and second parts each
of whi ch onfeGbieRIAIvENEMdTacking Pists: thsaetpodeomprisindsnposi t e shower head
el ectrode, the first and second parts being novabl e horizontally away
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supporting the electrode carrier on a treatnent stand having a base
and a plurality of support posts which engage holes in the el ectrode
carrier; attaching a first plate to a first side of the

el ectrode carrier and attaching one or nore attachnment nmenbers to the
al um num pl ate to support the conposite showerhead el ectrode in the
el ectrode carrier with the silicon plate exposed for cleaning

t her eof ; suppetiny thegotipesitel shotverdead ekeciroderwiftr aneledtede ceaienehich
t and, I
SLend. | B, oo est s, ALSI BB APLREUR AAB TG oo T o

attachi ng a sesopeting @E@lqctfoﬂ%@ereﬂerwatn@mmeatra’tar@rhaymm hdsatandhe fir st
plate is An%my%ﬂ%ap@oﬂ pﬁaemc@eetn@@ﬁh&gﬁn%@&&P&m%%ﬁ efind the

conposite showerhead el ectr secon ate includi ng a seal
whi ch engages atfgehipg a §st @Ptféoéffr%tﬁéieélf&ﬁQ'@ﬂi@d@&ﬁfflﬁé@ncbﬁtﬁc@n@ase PRl et

t hrough Vmbr%réﬁgéﬁn&ﬁ%éﬁ%e'ré‘fortﬁ@Elﬁﬁlﬂwu\vﬂ‘ﬂg{e t@@@ép%wtﬁe E&nﬁésﬂwsh&kéfhaéeﬁ

holes in the alum numg ate and exit correspond mg holes in
silicon pilegtede in the eleckpdegarignyvity tB%%‘"%O@lPr‘Qi@e{‘RPSP éor@ke@nmaltlareqfn the

second pl ate as@ofih@MetBedtidge Eé\fl@”ﬁﬂ?n E%Qr&@ﬁeﬁ%{aﬁa Mmlrllgethééle@trode
cl eaning the ex&osed surfac e silicon

the el ect668"¢ ﬁ?'v%wefeﬁwg%affl?ré&thﬁHﬁatgteaﬁﬂanq WF'P]W?@"'P%D'QWJE?'PQ)de

carrier alswn;and pl aci ng the el ectrode carrier on the treatnent stand
with the silic | at e : r enovi the first. an
second pl ates 33‘38'939 ?ﬁﬁ?ﬂ“ﬁ ege Fﬁf‘? aleﬁﬁr%qeecatr%ertSH'ggg‘é‘E@ﬁér st pigle 1§ focaisd
el ectr oddn aa;paceebetweémthtahecmdl platean@tr@tcenfpas[tm:gwouprhetabeletchbded trm ate

i ncludin en he el e

et t s CoRE Bate b el 92 sk YfoeS e B Pa Skl he Bt Ahea,
wat er i ntgasgrst thl@uglswhnhtghec&l be mtrndyped uedemmulessxred todlowriee pan tolagingas
hol es in 1 : : r rce to the
wat er i nltré Sluﬁ" We&?ﬁa?‘lgaeé‘ﬁg%“’%’ﬁﬁdﬁ égﬁimlgg%%@ﬁ%r@aggh t he gas

hol es so as t ¢ittachies a ghnsaireho thogpoiniet in tehoeront ekt aldiiawingigasaf t er
acid cl e%ﬂﬁoﬂgh méega‘%'hloleg‘mnlé HEIE%Fegnm%the e QéH)éﬂrffage Bﬂﬁetsnbcfrpplgtgat e and

pl aci ng the €l ectrode carrier on g
havi ng a pl ur dP'F‘W“Q)F‘er%%%@de Caff'erfr%W@\i[eﬁgﬂQﬂiéta@ﬁetétmﬁﬂi e@@ﬁi@@r

fromthe c@mgsérta%thh@an%a%%Fm%n\met Hoftherapial it the BfinHatt he

el ectrode carrier; attaching a fourth plate to the drying stand
by slidi ﬁ@c'?%%pfourth pl ate over the posts and forming a seal between

the base frameembdng the firQuhd Beéﬂn@tpﬁateéé'lﬂiaft&ﬁﬁuh@a@lhlﬁiﬁatelt@fﬂe%@bé}ﬁi a
gas inlet as can be introduced under, pressure to flow
b T

Phto gas A L eledtmoSrRe i Reaiconnateir o tar % EB4E9 ol os
in the alsgaiwich phgaiges the electrode carrier and a water inlet through which water can be
introduced under pressure to flow water into gas holes in the silicon plate and exit
corresponding gas holes in the aluminum plate;
attaching a water source to the water inlet of the third plate and flushing water
through the gas holes so as te water rinse the composite showerhead electrode after
acid cleaning the silicon surface;
removing the third plate and placing the electrade carrier on a base frame of a
drying stand having a plurality of posts;
removing the electrode carrier from the composite showerhead electrode without
manually touching the electrode carrier;
attaching a fourth plate to the drying stand by sliding the fourth plate over the
posts and forming a seal between the base frame and the fourth plate, the fourth plate
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attaching a gas source to the gas:inlet of the fourth plate and

bl owi ng gas over the conposite showerhead el ectrode to dry the
conposite showerhead el ectrode after a water rinsing step;

renoving the fourth plate and pl acing the conposite showerhead

el ectrode in an oven while the conposite showerhead el ectrode is
supported on the base frane of the drying stand. 13. The
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handl es to al ltew mangalethdd dfickgm ab, wigeinhiecéieQatRe Cafict Rrattabidy tb e

conposite sho ead el ectrod upporte her eon, ng of th
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pl urallt ngés on the first plate within the slots in the

el ectrode carrl er and rotating the first plate to slide outwardly

ext endi ng projs@cti \ i pl ate
being att ache g't o] ?ﬂé ”R{H?Jm nugﬁqg'ﬁghéb&ntrtﬁobﬁgg{&ﬂ ﬁﬂUdr%%% Ju'tanQrEIy
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includes a plurality of vertical ext endi ng | ocking flanges wth

ci r cunf ert@spded ?Rﬁnwtﬁﬁéi”n@e(%ﬂ@@ﬁ sHtdeNg tearad Wag'ﬁéﬁ%f t he

el ectr odeh@ﬁusgcr@v witih fHelheRing tdbabird thb Yrs@fand/%cbhg gbﬂté’togéﬂwéﬁ Hioctlont S
on an outer hery thereof the second IIEmate eing attached to the

el ect r od&2Ht HC ng\PPRERAGIENIgS 19 glow gyl Kiinpef thepleftragel carmer with thene
sl ot sdand:orr@ba]’ge :nﬁ,wteh%aa emgddqoé@bertmbrebhahe blaeing @Eih&wlefcl&@@é c@hgage
an under sj t he trode carrier an S e seal .

17 " The mefefeniett Spi o Grirkou S rnenle g as sleffdiaater gy te
pluralityaalilesertically extending | ocking flanges with
circunferentially extending cam surfaces at | ower ends thereof, the

el ectrode carrier includes a plurality of vertically extending slots
on an outer pédbi ph@hyg metfedediclairh N2, wiereid the eléarodeicagieaintiadéreal pluclityhe

| ectrod I th
Sl ots and FTEIT ExBYANE R o o ey e f KMo BIRR L s "engage
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18. Th I
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posts havi ereo fourth plate
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agai nst tngnikas idié ane. 19. The nethod of claim 18, wherein
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16. The method of claim 12, wherein the second plate includes a plurality of
vertically extending locking flanges with circumferentially extending cam surfaces at
lower ends thereof, the electrode carrier includes a plurality of vertically extending slots
on an outer periphery thereof, the second plate being attached to the electrode carrier by
moving the locking flanges vertically along the slots and rotating the second plate such
that the cam surfaces engage an underside of the electrode carrier and compress the

seal.

17. The method of claim 12, wherein the third plate includes a plurality of
vertically extending locking flanges with circumferentially extending cam surfaces at
lower ends thereof, the electrode carrier includes a plurality of vertically extending slots
on an outer periphery thereof, the third plate being attached to the electrode carrier by
vertically moving the locking flanges along the slots and rotating the third plate such that

the cam surfaces engage an underside of the electrode carrier and compress the seal.

18. The method of claim 12, wherein the base frame includes four posts
having threaded rods at the tips thereof and the fourth plate includes four arms with
openings therethrough, the openings in the arms sliding along the posts, the fourth plate
being attached to the base frame by rotating four hand nuts which engage the threaded
rods so as to compress the arms downwardly to seal the fourth plate against the base

frame.

19. The method of claim 18, wherein the base frame includes a center
opening approximating the size of the composite showerhead electrode and a plurality of
support members which extend vertically above an upper surface of the base frame and
engage the silicon plate, the electrode carrier being removed by detaching sliding first
and second parts of the electrode carrier and sliding the first and second parts away

from the electrode carrier.

20. The method of claim 19, wherein the first and second parts are moved
horizontally away from each other and detached from the composite showerhead
electrode while the silicon plate of the composite showerhead electrode is supported on

the base frame.
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