METHODS FOR Sl LI CON ELECTRODE ASSEMBLY ETCH RATE AND ETCH UNI FORM TY
RECOVERY Summary 5[0001] A nethod of cleaning a used el ectrode
assenbl y h%ﬁg @,lgihasna- exposed silicon surface corrprifls(deﬁ ﬁ%sioﬁgicpg
the silicon suréflace. Preferably, the cleaning renoves b ACK S| (I con
and netal contam nation fromthe silicon surface. The el ectrode
assenbly can be used for etching a dielectric material in a plasm
et ching chanber after the cleaning. 10 Brief Description of the
Drawi ng Figure [0002] FIG |A shows a fixture for supporting an

el ectrode assenaiErHODS FORSEIUON BIECTRODELES SHVBL YR TETH RAJREI AN
of FIG IA [0003] FIG 2A shows silicon surface rmrEhoI ogy of a new

el ectrode assenbly, 15FI Gs. dFCHIRHORYITYRECOV, nor phol ogy of a
used el ectrode assenbly before polishing, and FIGs. 2E-G show silicon
surface norphol ogy of a used el ectrode assenbly after polishing.
[0004] FIGs. 3 and 4 show exenpl ary ushdnmehectrode assenblies that
have not been cl eaned. 20[ 000 FIG 5 shows an e | ary recovered
el ectrode e?sseﬁgfﬁ # FerdiEld % a“@ﬁaﬁ%\geﬂfogﬁﬁf%?é%ﬁg‘r‘flﬁa Elﬁlsér_‘as"_?"ipf)i‘?gn
surface of an §il%ﬁrsu1%c%%h%§j§e QDY hetshRbn G@tfack © P tbrably0 MW Rinhg
with an acidic solution and Fl 6B shows discol oration of the
silicon surfacemofesdriadkusilénonahé otetad dentamsisetdy yormelebshicantrarfagcanfees ul t
fromw ping with an acidjc sol uti .0007] . Fl Gs. 7A-D _shows .
exenpl ary el ecgtl‘?cér&ae 3@5@%@5&’3 8&%&%@1% 31"’11%9&“‘: matetial in ap(?asma elching
chamber after the cleaning.
10

Brief Description of the Drawing Figure

[0002] FIG. 1A shows a fixture for supporting an electrede assembly during
cleaning and FIG. 1B shows an enlarged area of FIG. 1A.
[0003] FIG. 2A shows silicon surface morphology of a new electrode assembly,

15 FIGs. 2B-D show silicon surface morphology of a used electrode assembly before
polishing, and FIGs. 2E-G show silicon surface morphology of a used electrode
assembly after polishing.
[0004] FIGs. 3 and 4 sﬁow exemplary used electrode assemblies that have not
been cleaned.

20 [0005] FIG. 5 shows an exemplary recovered electrode assembly.
[0006] FIG. 6A shows discoloration of the silicon surface of an inner electrode
assembly that can result from wiping with an acidic selution and FIG. 6B shows
discoloration of the silicon surface of an outer electrode assembly member that can
result from wiping with an acidic solution.

25 [0007] FIGs. 7A-D shows exemplary electrode assemblies before and after
recovery.
[0008] FIG. 8 is a graph that shows electrode wear during polishing and cycling.
[0009] FIGs. 9-11 show the results of plasma etch chamber performance tests for
new, used, and recovered electrode assemblies.
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recovery. [0008] FIG 8 is a graph that shows el ectrode wear during
polishing and cycling. [0009] FIGs. 9-11 show the results of plasm
etch chanb nce tests for new, used, and recov , de
assenbl i es.w%@%%g% gial ed Description [0010] Used sili Cgﬂ%ﬁg%@éﬁ%{gg
assenblies exhibit etch rate drop and etch uniformty drift after a

| ar ge nunber of RF hours (time in hours during which radio frequency
power is used to generate the plasna) are run using the el ectrode
5assenblies. The decline of etch performance results from changes in
t he nor phol ogy of the silicon surfpegiled Def@iptlofict r ode assenblies as

wel | as contanination of the silicon surface of the el ectrode
assenbl i es, bdPWBf WsedeHicar slegirofecaisatblisy eximiat efrlerase dropand eich

process. [0011] .Sl I r - i be
Dol i shed 1o r SHECIME 80 B SRR BimdS SR FGek (BAE PRSRTRLESFER
therefrom Metratibifeeqeeny aviveaRtsecwpchaarfthd plaand)laye renmigdhé elearode

silicon surfaces of such el ectrode assenblies without discoloring the

silicon surfadsEmiyjict phageahine A giph BEfIMEnIesiisJiPm Giangss Pdbfuces t he
ri sk of damag o i i di ngly,
process w ndO\;q\-/Il %@gﬁb?ﬁ%feﬁg%ﬁﬁ%ﬁﬁk%?f&@ 97116? goiéggﬁg%ﬂgﬁireigst @rgggg to
accept abl e | eveehsninativb of dwrsilivgn sindace [of tteredatrods ssserbblics s both @0 #2]ch are

Dielectric etch syste (e..9.., m 2300 Exel an(r) and Lam Exel an(r)
HPT) may cont aaiﬁ‘fof!?qtloggﬁ dé‘ﬂ%i}\';é‘f‘ ?ﬁ@éﬁrc’@?séct rode assenblies contai ning
gas outl ets. Agogi]sdifsthulaces QFRIl fectoieshséinSlies Rat BObolNAed to remove

6, 376, 385, which is incorporated herein by reference, an el ectrode
assenbl y flor DlpkasiivennpdetieomcehenirapingioartasrpirompNbetalsis cagfaginages can
sem conduct or ,subst.rat e Y [ 2\
i ncl ude a suppb re?gcr"f% er ﬁlﬁ ﬁ&ﬁg%%gl%aﬁg%ﬁﬁct\é\g&ﬁagﬁ%E%Epofqe;ﬁggeg{rb%?rse%é?ﬁa

an el ectrode sliehlofiagahsdilidonGarfadee v Mipiag wethestaciitesalnidnh ehichrraduets a

circular disk of .. i i i
the risk of damage to electrode assembly bonding materials. Accordingly, process

window etch rate and etch uniformity can be restored to acceptable levels by

15 cleaning the electrode assemblies.

[0012] Dielectric etch systems (e.g., Lam 2300 Exelan® and Lam Exelan® HPT)
may contain silicon showerhead electrode assemblies containing gas outlets. As
disclosed in cbﬁxmonly owned U.S. Patent No. 6,376,385, which is incorporated
herein by reference, an electrode assembly for a plasma reaction chamber wherein
20  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 siljlcon showerhead electrode in the form of a circular disk of
uniform thickﬁé:ss and an elastomeric joint between the support member and the
electrode. The elastomeric joint allows movement between the support member
25  and the electrode to compensate for thermal expansion as a result of temperature
cycling of the electrode assembly. The elastomeric joint can include an electrically
and/or thermaliy conductive filler and the elastomer can be a catalyst-cured
polymer whic.h is stable at high temperatures. For example, the elastomer bonding
material may comprise silicon polymer and aluminum alloy powder filler. In

30  order to avoid contacting the acidic solution with the bonding material of the



uni form thickness and an el astoneric joint between the support nenber
and the electrode. The elastonmeric joint allows novenent between the

support rrew:be 0002;@,? ),d the el ectrode to conpensate for th (Eﬂgé 005/045361
expansi on as result of tenperature cycling of the el ectrode

assenbly. The eI astoneric joint can include an electrically and/or
thermal |y conductive tiller and the el astonmer can be a catal yst-cured
pol ymer which is stable at high tenperatures. For exanple, the

el astomer bonding material nmay conprise silicon polynmer and al um num

al oy powder fdldctrete adsemBRowilRn hay davapelthe ®ohdias magriahehaslicinGurface of
solution with the bondi g&t material of the  electrode assenmhly, which
may damage t héhbpidickgiraet aeemlly it refesdly wingd s(ihrthe aCige sphEotsed

el ectrode assgﬁyﬁjyl ﬁd&?{lﬁ{aﬂyag ec\{\f()e@ @19 rﬁi}%oﬂ‘%{éé Gn E%Pélb&%de ring

[0013] Additi an el ectrode asse may conprise an outer
el ectrode ri ngaromemtmnbnxrromldmgcunndmemgleaﬁnodemméropebmwrscpb&atadldaerefrom by a

optionally separated t herefro a 5 ring.of diel.ectric. mater

e ourer” & cnttent dielmne pafem, o frehued sle B Shathe ¥ Ricru ol Bt e
process | ar gerelaVah@d B prottah 1adger 3HerMMuRALI® mdihearels! ITARNiIRWh k@R e OF
the outer electrode nenber may conprise a flat surface and a bevel ed

outer edge. Sithg buter ¢lectrdde member may eoprisge, flat lerfangtaad adicveled oer edge.

rerer 1 Dr LSRR B NSt R BRSPS TRRRSE: Sy e Rl

ring may conpr gr oundeé e ou

el ectrode nmenbgh Bk wémsdroaR!, thondatinglsy hﬂﬁmsagmmaameﬂ;lpgmh@ed
i nner el ectrode and/ or outer el ectrode nenber nay have nounting hol es
for nountilfg irHgdo MBECINE oYET Gleetsrisinasanhst adnke ﬁ]faé@%é PoRsiet o dihe degitng
the inner ele r f el ably

conpri sed of ;h:i n(&%e Dg'ra%s %%Feﬁgbgﬂf%l{d%%u{gfém%? dFﬁ rrﬁ%rg‘sér?n nly?ﬁgz mounting
el ectrode assemtﬂsy”omnmmmgnmatcspaciﬁvelyrﬁumm plasred potesonle tonibsxh tay be

conprised of a nu f se t f singl
FSH SRR, N e R A L St
the segnents Q@ymh&%ﬁ&q {ordler m%ﬁﬁﬁlwaéctme@@%bryocoataaaﬁéﬁwgme

menber. Further, adjacent segnents in the annular configuration my
be over| appi n@utmetehtrgiﬁp@emberjrmwﬁscobmw a hanked joh segmentsdgigertis .

2000141 511 oSk B SRR P ekl hh LAy ool
el ectrode assefifld Rpmeitd bpiag bosied (£.9., elastomer bonded) to a backing member.
Further, adjacent segments in the annular configuration may be overlapping, with
gaps or joints between the adjacent segments.
20 [0014] Silicon electrode assemblies used in dielectric etch tools deteriorate 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
25  processing conditions affected by the formation of black silicon include high
nitrogen and low oxygen and C:Fy 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 16 nm to about 10 microns. While not wishing to be bound to
any particular theory, black silicon formation on the plasma-exposed surface of a

30  silicon electrode (or other silicon part) is believed to occur as a result of non-



the formation of black silicon. "Black silicon" can formon a

pl asma- exposed silicon surface as a result of the surface being

m cr o- maskgg) BYsFefLgam nants deposited on the surface d%ﬁ/ﬁﬁﬂ@/@ﬁ%
processi ng operations. Specific plasnma 25processi ng conditions
affected by the formation of black silicon include high nitrogen and
| ow oxygen and CF y concentrations at noderate RF power, as used
during etching of low K vias. The m cro-nasked surface regions can be
on the scale of fromabout 10 nmto about 10 m crons. Wil e not

W shing to be deatindut polgnyr depobition bathetsiieon ylecipbdrcduriiglplasaia prevessiig on
on the plasma-exposed surface of a 30silicon el ectrode (or other
silicon part) 9P§'H8MS-eved to occur as a result of non- contiguous
pol ymer deposih¢ o) 184S ohil | I si ng
oper ati ons. [O[g%%? Aﬁ%ﬁ%‘%’?%@%ﬁegﬁﬁaggﬁﬁ ﬁlg n gr%( Sosﬁét he
pl asma- exposedusaed, age, the bgllom tstugade @t & oilican npre eleofrode, duting @maupper

el ectrode, duri a maj n 5etchi st.ep for, etchin dielectric ‘

material on a SOMESTRITE CBRmEaberde malst L snPordgrop Ryt sugh as

| ow k di el ect rggcoiRkReIorla 1bRKaTielectRE ARt MM erd &R Jolyindr Viep&sak tppida@y m
t hree-di nensional, island-like formati ons that selectively protect

t he under| yi ndosugreceinfensianads islhinddike imations ébft sclpstivelyfpitat thons ar e
formed, poly I .m p e iall l.e tips,
t her eby accerg{ng%?)ﬁgggli%ﬁtchgr% % %%%Qg%en%%%éﬁgrﬁ%/rg?‘ﬁ%glrjl%%l%Ir}grc dSi licon
propagat i on duolyrgerideposiiendbehprraitialy bothesieedie siph, viersbp sdctBtEiag
The non-uni form anisotropic etching of the m cro-nasked surface

regi on(s) Wesuhg Bugrermagking siephanisghagtblagksdliaep pegpagaion qyeisgthe mpipke or
rod-1ike feat i e | i
fromreflecti %&% rgggreﬁ[{ %g S?réétéj{s?{é ggbspggg'or%gg%l? ﬁgorgﬂﬁlnig%tﬁéﬁgﬂét]g lggg?hm
whi ch causes trhiogemided gurdats regok(sivesdrs i tieKompyieaod nivesly-Fpeeed, needle-

needl e-l1i ke mcro features are c|ose spaced and can typically have
R Tength of 1 i osBOGTLA o0 RS DSBSt NES B0 Pk L EogE m
(and in sone iBHiAnNE BINFAB MRAVR A3 esiENWMhAS1iUnNr B8, FARH cabsdiThRE
even greater), and can typically have a wwdth of fromabout 10 nmto

about 50 In. regpooediaveh blagh Appsaraficie ebheofeedledike mueke faaryesaiale @esely

affected by bl ack.silico ng recover | ihshi Prior .t

ol  shing,  « nebradbd SHEOaCEYBRs “TaRERF R PR 03 (o el Ll

foreign mat erisal®o nsVI0 Bhpcatd @PnRgndt@ced ol Hade a Qg ispampibhediobny,

whi ch involves directing a streamof small flakes of dry Ice (e.%b.,

generated by ENMP&AEYHYEIFRENI tndap tYrically hapheidtl opfremsaieat 1ham iyRPoat

nozzl e, 50

Q.

20 [0010] Silicon surfaces of electrode assemblies affected by black silicon may be
recovered by polishing. Prior to polishing, the electrode assembly may be pre-
cleaned to remove foreign materials. Such pre-cleaning may include CQOz2 snow
blasting, which involves directing a stream of small flakes of dry ice (e.g.,
generated by expanding liquid COz to atmospheric pressure through a nozzle,

25  thereby forming soft flakes of COz2) at the surface being treated, so that the flakes
hit small particulate contaminants less than one micron in size on the substrate,
then vaporize via sublimation, lifting the contaminants from the surface. The
contaminants and the CO:z gas then typically are passed through a filter, such as a
high efficiency particulate air (HEPA) filter, where the contaminants are collected

30  and the gas is released. An example of a suitable snow-generating apparatus is
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25t hereby form ng soft flakes of CO2) at the surface being treated,
so that the flakes hit small particulate contam nants | ess than one
mcron in §j t he substrate, then vaporize via sublj 1O
lifting thgl&c%% 6;’}7?4Eants fromthe surface. The contam n%n sé2§%§4?3ﬁle
CO2 gas then typically are passed through a filter, such as a high
efficiency particulate air (HEPA) filter, where the contam nants are
coll ected 30and the gas is released. An exanple of a suitable

snow generating apparatus is Snow Gun-lirm conmercially avail abl e
from Vatran SySioenGun-IIFNE, coffnaitiallVawilable Goin VRFAnBysiemsphici sttivkgyistde
el ectrode assenbly may be cl.eaned with acetone and/ or isopropy

|
al cohol . For exAhpPaor orpelighing ithoelecteods aspmbly gy brecleanse Mddgicktane

acetone for 3 ). AU i pe i i :
Gopoai s, [ oGTIICR HPForRf Aeihdlfol OehfellVfe BEAREL SestlrBlyigPbe immersed

el ect r ode assanibtatomenfoa 30 atimeeuaidngiped griemdvagrgatdie elainsicr degsps.opri at e

roughness gra r. and polishing.the electrode assenbl rface
oS desir e (PRI cuisBinE oBmpfiS gBuby S gSifrG oL A HaT CoR dpmol or

Preferably, thenslliheaQRrotng30Rel witPYPrSHRek WOgEesCARSE Athbdr 4AMI Ng
water, in order to rénove dirt and keep the el ectrode assenbly wet.

VWhen wat er 10iplisidagthe elecypde aspembly strdacgdme dedized foushi (ag. £ he-inches) using
pol i shing, which.,is b ed fro h l.ectr .
Corf ace. e Pate? uh a2cREPY" e Bth b CRB ARG RRERIR et runnio

Er goSCRUBTM anght&¢ iribideSis. refibee P10l 4ndieggthp eikeeods Ssdnble wet.t Mehen water
sel ecti on and sequence of the polishing paper used), depends on the
degree of Wandyaddse. 2 plaryimaycsneesenated darips thepelighind twiefbis4 & flspied
15[0018] If s £k i il o
el ectrode assgivntg-ﬁrl &cmé%c?lzogﬁﬁﬁ]%mg Eﬁ e%;ef ?%Q?ﬁfr&?%?ﬂée}?tg@aéﬂ Be‘;ﬁ %ﬁ%edg}ISt
160 grit di amnthgpolBrgtSCRUBTSéndSuradDISKurThe oistitgprosettate. i the

achi eved. Subse@uent Bolishin

an be. with, for exanple, 220, 280,
360, "800, andrERCRISIRGRS RSB EBOIESAPHGSGD SR SR GPLBS B | ng
or damage is QRSGEYSLheRilkhesitidet 6PMhe @leGédco&n@tp el y, polishing
ean 15 [0018] If severe pitting or damage is observed on the silicon electrode assembly,
polishing can begin with, for example, a 140 or 160 grit diamond 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 dalﬁage is observed on the silicon electrode assembly, polishing can
20  begin with, for examplle, a 280 grit diamond polishing disk until a uniform flat
surface is achieved. Subsequent polishing can be with, for example, 360, 800,
and/or 1350 grit diamond polishing disks.
[0619] During polishing, the electrode assembly is attached to a turntable, with a
rotation spced' of preferably about 40-160 rpm. A uniform, but not strong, force is
25  preferably appliied during polishing, as a strong force may 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 assembly. The shape and angle of an outer

electrode ring or member (e.g., the interface between the flat surface and the

30  beveled outer edge) is.preferably maintained during polishing. In order to



20 begin with, for exanple, a 280 grit dianond polishing disk until a
uniformflat surface is achieved. Subsequent polishing can be wth,

for exanpl 0, and/or 1350 grit dianond polishi i =
[ 0019] Durﬁﬁr?gﬁg@f f1:384gl ng, the electrode assenbly is attac /géz'?éé%éb%l

turntable, with a rotation speed of preferably about 40-160 rpm A
uniform but not strong, force is 25preferably applied during
polishing, as a strong force may cause damage to the silicon surface
or bonding area of the electrode assembly. Accordingly, thefl

pol i shing procagsmizepariiidles tapsdddndidd %ﬁ@%ti@tﬁr@d}m@itﬁ)ﬁl jbint¥enf ei@pedydi ng on
the degree of pitting or danmage on the el ectrode assenbl The shape
and angl e of aaisesinlies, aeqi%@weédéawrlgvgwwmw 1egoye Paltflﬁés B?ﬁeé’%‘?chce
bet ween the fl 999%,).;

mai nt ai ned durclﬁltrrllggg) Ilﬁﬁr}%ﬁ ﬁ&ﬁ t%@&as%gﬁg&’? Maﬂ) ﬁrrlR érjl%ﬁr?nénzeg par f élﬁg ggﬁgh atmek

i nsi de gas outdnﬁtlﬂtraS(dLWtShmbPﬁmsnha@ tefused eakmodepasisiestibinetke palishing
dei oni zed water. gun nmay be used to renpve particles generated during
pol i shi ng r orflit!ie gas outlets and joints whenever changi ng poli shing

di sks and Ut r%gﬁgv(lﬁc)l 2%;?3!? Ry ef@&ré&ﬁeagseh@)lf %"ﬂ?é’f@ra@%ﬁ%s@h Q&nf rom

t he polishing ovm ng polishing, the el éctrode
assenbly is pr@licmnzablwyatananééw“m dr. &éﬁ@mf@edowgmeﬂs céml@t deagnade dssymblyhe

surface roughness of the el ect ode a asur d us

or example. A8 BEAHTeC e o EnDay T LT 4 rofurtyig Toughfess
el ectrode asseffithe/elbdirdae atemdly iy prarsany |aﬁ%:bﬁﬂrﬂétfﬁy Bi-inokdies 18k, | ess.
10[ 0021] The el ectrode assenbly is preferably i mersed i n deionized

water at 8@C {8821 hothe dletrofelaspsemely lippretanabhapmensedsin deiqnized yvags at
trapped in asy t t
el ecr:) Ito r odle agsergrlorf HOFE %Oggquo‘r? rrgé ?)Or? P Ic QPECI% tggtnl{é%q%o@%%gm %aﬁto-gg g[IS ﬁnd

dei oni zed wat QOln&tinMéctﬁﬁ€assbmbryen’meeeidn&bﬂd &:dsﬁﬁblﬁzrrmyl Hehatrsssnfcaite of
the el ectrode assenbly. The el ectrode assenbly nmay be noved up 15and

down wi t hin t Héeaged Mé@ﬁmevts%tqﬂeeﬂmeﬁgv%ét enquﬁ a2 d?n tg rem%\m%c lgsyfrom
order to help th& TRYRe bf ﬁE%TéétrQ@Lr 58'3&111@? The electrode assembly may be moved up

15  and down within the ultrasonic bath during the ultrasonic cleaning in order to help
remove trapped particles.
[0022] 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

20 to avoid damaging or iinpacting a graphite 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

25  apressure less than or equal to 50 psi.
[0023] Metallic contaminants, such as, for example, Al, Ca, Cr, Cu, Fe, K, Li,
Mg, Mo, Na, Ni, and Ti, may be removed from the silicon surface of an electrode
assembly, preferably a polished electrode assembly, without discoloring the silicon
surface by cleailing the silicon surface with an acidic solution comprising

30  hydrofluoric acid, nitric acid, acetic acid, and deionized water, The cleaning with



[0022] The el ectrode assenbly, including gas outlets and joints or
nmounting holes of the electrode assenbly, nmay be cl eaned using a

ni trogen/ dgiPphgedsmat er gun at a pressure of |ess than 1559
50 psi. Spec(?al an4 ling may be needed 20 to avoid danalé(?{ﬁ{g&gbﬁdh

i npacting a graphite backing nenber of the el ectrode assenbly, as the
graphite surface of a used el ectrode assenbly m ght have a | oose
surface structure. C eanroom paper, nylon wire, or white thread may
be used to check particle renoval quality, for exanple, from gas

outlets and j oindcili®folidm cehpeikingedesaaidicd, nlitie aeldeadatiodeidassenbl y
may be dried using a nitrogen ?un at 25a pressure | ess than or equal
to 50 psi. [ OCRHMIZ0E wgTiECtEhllpen Bofcausesilican guriace dporpholpgy ¢mage,
Ca, G, CQu, F ting s, oL fcol surfBYcdRS: dHERRY §lid! om
the silicon sﬁsruflggsebg*ngawﬂ Sg{%&ro g'égé’sgengﬁ/,subr ef er ab({yﬁ%%’ pol i shed
el ect rode asserfibors susfabd oort-cldamsinedsas iwel] as logidgtidn toe csangéace by

cleaning the siljgo rface w n _acidic solution . conprisin
S0nyar of 1 uor i dobedia, WittrieSuiete nCeRiREC At 450 i e SRPRLE B e
The cl eani ng Wcldc s@iticAC it GedRbibich@dn eGP AR BN B ISR QkidCand Gitchc
nitric acid, acetic acid, and deionized water preferably does not

cause silicon asigvidle therpioph shidepy of amgigetrodepetembly isias folgvsor surf ace
roughness, or silicon surface col or change, which reflects surface
non-cl eanl i ness as well as oxidation state changes. 5[0024] Wth
regards to the hydrofl uamsi e &z HF |andHNIOL b G SEI ¢ £NpeneHEG of the
acidic solution, the chemcal reaction of a solution of hydrofluoric

acid and ni%ric acid with the silEdHkartEHd ok FnldI%etd raeld-
nbly i foll 3 S + 12 4 -1 ; 4 NO + 8
assenbly is as follows i %[%r/%ﬂﬁh EQF]___BO_%EmtDUt

H20 10RITE] = ki[HF] ki = 1.3 x 1 = 1 c2[ HF2] 1<2 =
0.104 nol /L [0025] The dissolution rate of hydrofluoric acid is |ow,

o ™ o OGR! AR RRAORS e el 1 T s b e
spectroscopy aRgdiiil B, BRY.3HeWEaholl DAl fRr BbdtheRnwiss §@6S8on containing
15 hydrofluoric acid, infrared spectroscopy analysis may reveal that a silicon surface
of a silicon electrode is covered by Si-H (mono-hydrogen), Si-Hz (di-hydrogen),
and Si-Hs (tri-hydrogen).
[0026] While not wishing to be bound by theory, it is believed that in the etching
of silicon by an acidic solution of hydrofluoric acid and nitric acid, an
20  electrochemical reaction takes place in which silicon is oxidized by nitric acid,
followed by dissolution of the oxidized silicon by hydrofluoric acid. In an acidic
solution with a low concentration of hydrofluoric acid, the activation energy of the
etching process is 4 kcal/mol, at temperatures of 0 to 50°C. This single, low
value is characteristic of a diffusion-controlled process, illustrated by the fact that
25  the etch rates of different silicon materials are essentially the same at low
concentrations. In contrast, in an acidic solution with a high concentration of
hydrofluoric acid, two different activation energies are observed. At high
temperatures the activation energy is 10-14 kcal/mol and at low temperatures the
activation energy is approximately 20 kcal/mol. These values are characteristic of

30  asurface-controlled process, in which dopant concentration of the silicon, crystal



of a silicon electrode is covered by Si-H (nono-hydrogen), Si-1-12
(di - hydrogen), and Si-FB (tri-hydrogen). [0026] While not mﬁshing to
be bound by theor is believed that in the etching of sil by
an acidic 61%@V%% df hydrofluoric acid and nitric aC|dPC¥ﬂ$2mbm*ﬁ”
20el ectrochem cal reaction takes place in which silicon is oxidized
by nitric acid, followed by dissolution of the oxidized silicon by
hydrofluoric acid. In an acidic solution wwth a | ow concentrati on of
hydrof | uoric acid, the activation energy of the etching process is 4

kcal /mol, at tg [Epﬁﬁgﬁ U{ ?lu 2 sffcof? 4@ d@@gs of MeSilR 'oﬂgla?‘wa dofWnUAd btenihs

characteristic a di sion-control | ed proces | ustrated by the
fact that 25theoesch rates of different silicon nmaterials are

essentially t me, at conce t S. contrast, in an acidic
Soluti on w t h HORgrA GG 8F AR 5o P 5 oY FRGES o HpyRln RS

di fferent actigaliRmueneidles cie ©Refid ¥l ratdlefth@hch @RRBpAL Ur s the
activation energy is 10-14 kcal /mol and at | ow tenperatures the

act i vat i on Seneogsenirgtierp ryskal REeRiatjon? Quieslhe gigpning REBE siligpr durfage @f the
characteristic

0 f
concentration éﬁc{r{o ﬁe sté fib lg gﬁﬁegargﬂsct S%MI%H F PeerrtS E]? %Bcrrll E§‘§ Y}@n elgqs{?q%?

and defects Of(nbﬁlﬂlrédtﬂohﬂ@n iRl ,ale ecl Qlteebdiny fefugivelly cbhdgnt i @EGH‘SCUOE]QO?S?]
Accordingly, the acidic solution preferably. contai

a o .
concent rat i on PR dp sichigs siliconapizproprathy BJé‘I‘d“t"Bt‘%f’s?QﬁQi 31( i?:‘ﬁ yygiqdtuoric
dependency on [0Pant:eSANGARIAAR RRuRENS! BhmAERADRLIOR wEkEL R Ne

cl eaning of the silicon sur 0 t e electro nmbly. The acidic
sol uti on pief émabtigiese hgdreflugid dcibis noseffactpd toa‘cqu rfonenmpétz;t(ltonal ly,
i.e., the etcgﬂrate beln relatively.constant in_.all di.rect

obposed to. et QHITILiTEgHaf PEBRE CHER 45 CE O BELTBRAT T 90 w1 e

hydrof | uori c agh@pean) remaue caore, KreLIaM% MRRSLI W4, 195 Tb,yzﬁ Qinlichghb ERfiFsex
ions with the rretal 10i npurltles hydro uoric acid is not effective

to remove, forthesgefigs Eormdons, Mdvaaen readily br ecraied, Nitrigtacishig pesteiablyer |
can .rea(l\:/; let)hp I?\?a u]hlatnla%%uﬁ%?& 24 nét s%)ég cﬁang?lﬁf th%acflca dm&:b Fe,

K, Li, And"Conbd |na I ons ereo
ions, whichk caarfa@adi |y be renoved. Nitric acid is preferably present
in an anount that does not cause col or change of the cleaned silicon
[0028] Accordingly, an acidic solution of hydrofluoric acid and nitric acid can
achieve high decontamination efficiency of silicon electrodes to meet dielectric
etching process requirements for small etch feature sizes of 0.1 microns and less.
However, as nitric acid is a strong oxidizer, when a contaminated silicon surface is
20  exposed to a solution of hydrofluoric acid and nitric acid, nitric acid both oxidizes
metal contaminants and reacts with the silicon, thereby causing silicon surface
color change, including green, blue, brown, and purple. Experiments indicated
that even for polished silicon electrode assemblies rinsed with deionized water,
wiping the silicon surface with a solution of hydrofluoric acid and nitric acid
25  caused the silicon surface color to change from a bright, uniform color to greenish,
bluish, brownish, or purphsh depending on the metal contaminants present on the
silicon surface.
[0029] 1In order to control the oxidation rate and provide a buffer solution to

maintain a constant pH value, acetic acid is added to avoid silicon surface color

30  change while maintaining high decontamination efficiency and surface cleanliness.



15surface. [0028] Accordingly, an acidic solution of hydrofluoric
acid and nitric acid can achi eve high decontam nation efficiency of
silicon elect es_to neet dielectric etching process requirenents
for small gﬁ%ﬁﬁ%h%ﬁﬁjre sizes of 0.1 mcrons and | ess. Fﬂﬁggiﬁmy%¥96l
nitric acid is a strong oxidizer, when a contam nated silicon surface
is 20exposed to a solution of hydrofluoric acid and nitric acid,
nitric acid both oxidizes netal contam nants and reacts with the
silicon, thereby causing silicon surface color change, including
green, BIue. BQulcr ARG ik BrentRBRL! ATBAL fcib RAY GRItelslibn WBlef OF
polished silicon electrodé assenblies rinsed with deionized water,
Wi pi ng the si lrezwiongod falvee geartingefScikbnayi the sgicohyefask Insryr dxdibdiciotbrand

nitric acid 25 caused.the, sil %.condsurfface col or.towcthan teamtra%[pg
bright, uniforffEESt dTtSHJPRaTEHSE AC BTy CRPRIGHI°Sh ‘&rwgurb’hsh,'g"
dependi ng on th&almehsal AcRpdiagh NABhsidREREM maR cbirisd hydesMuosidatidde an
[0029] In order to control the oxidation rate and provide a buffer

sol ution to meAmval o G2 Enb¥Luivobime dittie aciddntn emarnt @f 19 ifedvt o
avoi d silicon @Hﬁ%ﬁ%ﬁd ﬁ@étﬁracﬁgﬁ'aﬁ“ag& 116 13730 BUR gk i gh
decontanmi nation efficiency and surface cleanliness. However, as a
hi gh concent r g0030) Ofo mdedd the aick chatthy behdiwg tnherisl ¢fithoaegmdeas®embly is

reacti on and reduce_cl eani fficiency, the silican surface
exhi bi t col or BREIALY 2HGKehGY teapgicsolfive, MeptEaHATREATE SFTES O ons

wi th cont am naRhsciif e silitt &lrfabOhBihe AeCRSMI RGbly WtE (RCIGHIC sQMhd4L i on
may conprise hydrofluoric acid in an 5anount of 0.25 to 1% by vol une,

nitric acild® i rprefarahlyoynwipifg, 26 oppeseDPosbkingtha wiectradriasagrelly én teizeidicn
an anmount of 10, t.0 2Q% vol upe. J0030]. Tq reduce . the r.isk. t t he
ondi ng. ma er i a1-i8s Akt e Bt S OHET IR 8 fenBRler by
the acidi ¢ solyshdiap aredB$ fHus 6 QAEINBYRALSLBY ¢hly ERRIEMn By feRir et datgrotihe
silicon surface of the el ectrode assenbly with the acidic sol ution,

10pr ef erabl y Iysembpi wih thesaciipsrduipniagd Sy AMany0t hExwrecda dlgws dtesdlinony
2 AR B S R ARt 17|
only the siisl i cilivos suff@aeds deardelie Vittletk sididen asdeabl thewldchroddhassanblgi c
sol ution and bs pprroiit%g%ac?rig dao‘.Irri»\)z(a{[réj,re?(césQgéidiglslol%\tqgn Eq?p ie?l itc|> ith%os?licon 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
preferably immediately cleaned with deionized water if contacted with the acidic
20  solution. Additionally, exposed electrode assembly bonding material is preferably
protected by covering with masking material and/or chemical resistant tape prior to
cleaning with the acidic solution,
[0031] Additional measures to avoid accidental contact of the acidic solution with
the backing member or bonding area include drying the electrode assembly after
25  wiping using compressed nitrogen gas, blown from 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. Similarly, potential attack of the

bonding material by residual acidic solution during rinsing with deionized water

30 may be further reduced by rinsing the backing member with deionized water
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surface of the electrode assenbly to be supported faci ng downward
while the 15silicon surface is cleaned. Wth the silicon surface of

the el ectrg‘g}e%(}@%%?gﬁl y supported facing downward, excess ﬂﬁ%ﬁ{ﬁ%m“

solution a the silicon surface can be col | ect e

dripping off of the silicon surface, as opposed to flowng to the
backi ng nmenber or bondi ng area. The backi ng nmenber and bondi ng area
are preferably imedi ately cleaned with deionized water if contacted
with the acidic 20 solution. Additionally, exposed el ectrode

assenbly bondig g\v&farhaémg ﬁleerzsaﬁglaﬂcyw%%%ﬁ}ze@wlabérccwi%{ th@meeerg&
maski ng material and/'or chem cal resistant tape prior to cleaning

with the aci dlasssmﬂlylsugpnrteq a%ﬂ;mmmnh ihoméﬂcom”sa:&aﬁ éingodcawnovagd, the
acci dental contact .of th i C.SO with the backin er _or
bonti ng. ar ea 1 araeergrNg lits TuRELEbhale tekBaitgredt Ak A% TRy
using conpressger.fd, taﬁ@gggu s hBle® W pfekin t he backi ng nmenber down to
the silicon surface, and owi ng any residual solution fromthe

silicon sur¥ ad8032f tBre ﬁﬁtmenglzedclﬁéhfs@liﬂ%tqd@ﬁSSP@bWetﬁI?@é&afl%ﬁ?% weturdy
el ectrode asssc{zgé dndWhrdel I FAG s e SHL RO A SRI M et I 955%919@260'

water. Simla ent| ngmaerla
resi dual aci dlabos@thutwamnguemdhg;urfhm ahgving tie miﬂhmfzthdelwat(ﬁ]e asﬁznmy

be further reduced by rinsing the backin h delonl ter
fol l owed by rifREREGOVERaTY; PE gisansdy f‘%?c‘@“’&iaqu laﬁ%wi eﬂlo\%‘f?e? X‘W‘?

the el ectrode sﬁg}gﬁnﬂy\%ﬁr{%éﬁ%’cﬁéﬁ@ta%rﬂb@ @urf g&iéam \Aar;afnth%s ShdvRRR an

surface facing el ectrode dssenb be rinsed from
t he backi n nmembegeddoenof HG. HA, dhd mpoﬁezwhmﬁlamet;ngaxndnbﬁrmcfgwbgfalys a step

hol f t The. f t to th |
nasenbly t b bOTOYHERUY et ST TR A PR OF ofelraf Rsemby
supporting menb&h Slipgia off@iess%pﬁchﬁnghﬁﬁabér@dQ"héﬁﬁﬁﬁﬁmﬂg 1@9@&!&3 144 base,

wor ki ng bench surface, all ow ng he surface of the electrode assenbl y
faci ng downwarage ?@fﬂj@blmc%tﬁbﬂlt ABA/pr made fram adhpmicallGresisgnt %Whguqil

fixture for supportigg an el ectr e ass ur.i ng cl.eanin
FIG 1B, showid¥ge8an1 Oé&ﬁ?féﬁﬂg‘@@e nlﬁt%c‘g Cffﬂllc%“gféeifﬁﬁ)“‘c}?géa

suppor ti ng; JTengess prﬁfe%amlx cbﬁg»mﬁmﬁ[tc@éan&g pibteGitetils &)lrrﬁﬁfsé 9fiaec1eanmg

assenbly rests and which prevents the el ectrode assenbly f
sl i pping off ttyewipingpbe tlhecigpdemetserbdy. willnecesane pod/ior nﬁgpmmb@c@ol arrid

Dase, 20 e DT el et sl SRS AT AL TR o2 SR B LY e
whi ch i's chem galinyy wWafitsd Aitlic S, iSising the electrode assembly with deionized
water and blowing dry with nitrogen, again wiping the silicon surface with the
20  acidic solution, rinsing the electrode assembly with deionized water, ultrasonically
cleaning the electrode assembly in deionized water for 60 minutes, rinsing the
electrode assembly with deionized water and blowing dry with nitrogen, and
baking the electrode assembly for 2 hours at 120°C.
[0034] The electrode assembly is preferably inspected prior to recovery and after
25  recovery to ensure that the recovered electrode assembly conforms to product
specifications. Inspection may include measuring, for example, dimensions (e.g.,
thickness), surface roughness (Ra, e.g., 16 p-inches or less, preferably 8 p-inches
or less), surface cleanliness (Inductively Coupled Plasma Mass Spectrometry
analysis), surface particle count as measured by, for example, a QIII®+ Surface

- 30  Particle Detector (Pentagon Technologies, Livermore, CA), surface morphology

-10 -



15[ 0033] The netallic contam nant cl eaning procedure may conprise
pre-cl eaning by wi ping the el ectrode assenbly with acetone and/ or

i sopr opyl C ind rinsing with deionized water followed by W ping
the sili coﬁjosﬁp(%f&%gof an el ectrode assenmbly with the a%(}'\ﬁpgoalamﬂ%l
solution, rinsing the electrode assenbly w th dei oni zed water and
blowng dry with nitrogen, again wiping the silicon surface with the
20acidic solution, rinsing the electrode assenbly with dei onized
water, ultrasonically cleaning the el ectrode assenbly in deipni;ed
water for 60 r@e.@:’,ﬁ%‘ﬁscaﬁx&iﬂ%blé_&r&rf"ﬂic%s@@ﬁyr(gﬁmmsaﬁ@mayur@a"nﬁﬁ't APl RRisFiesh
water and blow ng dry with nitrogen, and baking the el ectrode
assenbly for 2pilsced stchrdenthoCFultpg3plpsmheiciehagibenpd faguaemofythe secovered
preferably inspected prigf. .t over r ure
Phat the T ecovtrgaterBbpBisas RIRRL Rt A e hERRLAe Leufl®
speci fi cat i onsassednitgpesibiGmct@yatilnetivehee aRlase uni@rmftpr exanpl e,

di nensi ons (eé[g. t hi ckness), surface roughness (Ra, e.g., 16

u-i nches or | g-?slpr@f}erzébq B [§-HRehrskshepvs sicey surdage M BIRlpRy0f13 Kés s
(1nductively CauplogdlalsbaBNTFIG: 9Bl LOMR, 10 ARAI06 T Shenes Uidk B vel
particle count as rregs?urgg?gy, '?or glgarrp e’ aqQrl +”§u?‘?abe5§% vely)
Parti cl e Det ecthow s{litentadgae niephriotyoefisased tlestsrdsmsembGApsiosurolisiteg,

nor phol ogy (e.q.. . by ni n | ectron. m croscop ...and
Toacur et o HFIER 250 UG- g Bt IR uapPHENe bl Ty o saciee
etch chamber pRELRGIBRNEE: RledlelRiurb@&CAYSNIR aRdgRIIEINAE RESETR-GaS0RISEM
preferably tested to ensure that the recovered el ectrode assenbly

exhi bi ts aldcepmabtseofatsiliropgudacerad a graghifigaticng 0P yimes| hgsjecreds 2A

(Ra = 16 p-inch h i r

el ectrode assen %blfﬁ@%%s%g? ﬁgepgfeé{ﬁ%{e@%@%ﬁggﬁgéﬁf%@%}?nC eé‘sa}s
respectively) dftawesiabde0IFISYS IResl 2D aRNIOhEgakeh feon S#Refle€ 6 the dither
assenbly before polishing, and FIGs. 2E-G (Ra =9, 9, and 10
prinches, resp&etpdeFiPssHoand?T reomages rkeadom Hisirdes gf thsrnngr glsigode,
el ectrode ass I f i.shi = hiveg fr a
silicon surfac%gﬁzﬁmg' in%éfrl]c? I ég{%ﬂﬁesogkéﬁ%oﬁﬁﬁiﬁgwgﬁg%%{gr odéeﬁlcp 2
assenbly of5 FlsGow2thaagolahing remves|tlectiicdeudad raorpbelbey aml eephedeot a

nenber, as disc ed above. FIGs, 2B and 2E are inmges, taken fromthe
Center o t he WHAGFIB AN CRhedte 38 it BelalarelES £ aken f1om

the edge of thgodgnearce! £6hd #9kow 8t iRsedZdRcaidbe 2{se@bRes tTRARSe hatken
fromthe outer el ectrode nenber. FIG 2 15shows that polishing

recovers the dickh comedand Q. frehqytsnsyymplaty iconngrasediectiofic gssembly. FIG.

6A shows discoloration of the silicon surface of an inner electrode assembly that
20 can result from wipiﬁg with an acidic solution and FIG 6B shows discoloration of
the silicon surface of an outer electrode assembly member that can result from
wiping with an acidic solution. FIGs. 7A (Ra > 150 p-inches) and 7B (Ra > 300
p-inches) shows exemplary used electrode assemblies before recovery, while FIGs.
7C and 7D (boih haviﬁg Ra < 8 p-inches) show exemplary electrode assemblies
25  after recovery. FIGs. 7A and 7C show outer electrode members, while FIGs. 7B

and 7D show inner electrodes.

Examples
[0037] The following examples of recovered electrode assemblies are provided

30 to be illustrative, but not limiting. As used in FIGs. 8-11 and the corresponding
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used el ectrode assenbly to the state of a new el ectrode assenbly.
[0036] FIGs. 3 and 4 show exenpl ary used el ectrode assenblies that

have not b ed and FIG 5 shows an exenplary rec e
el ectrode g‘ggzeo%%?ﬁﬂ G 6A shows discoloration of the lgéllﬁp%g%amh%l

surface of an inner el ectrode assenbly that 20can result from w ping
with an acidic solution and FI G 613 shows discol oration of the

silicon surface of an outer el ectrode assenbly nenber that can result
fromw ping with an acidic solution. FIG. 7A (Ra > 150 p-inches) and

713 (Ra > 300 Eianiplsheésycleshemss @xetoifgaofis sesdnelsnt wadcusigshoblctesde
before recovery, while FIGs. 7C and 7D (both having Ra < 8 p-inches)
show exenpl ar yAseanglly per ePA8B e Flsrs &xthe sempiBatineRidipd} Yre pefiding efghesiticorc
show out er el Epictryel=ty i ) : : i

el ectrodes. Exe%%r%%ejg’f OFcOaO%gTbliﬁga ?%I ﬁl%\%n%g%q é@%&% g\gut) &reaefcagver ed
el ect r ode assediditiods agemblyrwiti deatidBOsdutiom, a$ Hesstibealtdbege. but not

limting. i 8- th ndi |
oyol e O oftor OB et HEH AghBR BESBE taOGTY SUBKER “HeFHG Eh I rode
el ectrode asseaphhVegdnds oR flel tBildknes €581 8K Ridoh So&RADI Addht RcPEdLREIMHINE

polishing of the silicon surface of an electrode assenbly and the
cl eani ng of thd HEl Bdenas innergectiofie apd &l euit ddererode swmbEy anidishusaef

acidic solutio S i_he . ‘ " e
wear during po P‘é iﬁg&g%ééa?yg?fgﬁgg%@(’:%%geglem%eﬁd %}e{pg‘ﬁgg gérf{&? %1({681@
t hi ckness of hjueglklstbicmpmbar med. As the el ectrode assenbly of FIG

8 has an inner el ectrode and an outer electrode nenber, as di scussed

above, "shidwer@@3M" FlEsePd1shov e rexide of Blagag plgh ehamher PeXO@pardissts for
refers to the RYL GEed® laﬁci: Lercgg&e wﬁfdc aésgirlgﬁgé.g]EtEﬁ Eﬁe n&-%f&ﬁ%WcBF@e
chanber per or

results of plasma etch r ormance tests
determined by measuring the surface thickness of a new electrode assembly (e.g..

an upper electrode, or UE) at, for example, 49 or more points. Subsequent
measurements of the surface thickness can be used to determine the distribution of

15  surface thicknesses within three sigma (o) standard deviations. A preferred non-
uniformity measurement is less than 10%, and more preferably Iess than 8%,
while a non-uhiformity measurement of approximately 15% or greater generally
correlates to pérformahce deterioration of the electrode assembly.

[0040] FIGs. 9A aﬁd 9B are charts of etch rate and etch non-uniformity,

20  respectively, for etching of a SiN wafer and FIGs. 9C and 9D are charts of etch
rate and etch non-uniformity, respectively, for etching of a SiO: wafer. FIGs. 9A-
9D each show etch rate or etch non-uniformity data for an electrode assembly that
was used for etching (e.g., etching of 800 wafers) four times, with the electrode
assembly polished and cleaned with acidic solution after each etching cycle.

25 [0041] FIG. 10A is a chart of etch rate and etch non-uniformity for etching of a
SiN wafer and FIG. 10B is a chart of etch rate and etch non-uniformity for etching
of a SiOs wafer. FIG. 10 indicates that after 10 RF hours, SiN may exhibit black
silicon formafién, whille SiOx etch rate and non-uniformity do not indicate
formation of black silicon even after 30 RF hours of via etching of fluorinated

30  silicate glass.
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new, used, and recovered el ectrode assenblies. Etch rate

non-uni formty can be determ ned by neasuring the surface thickness

of a new electr _assenbly (e.g., an upper electrode, or UE) at, for
exanple, 4 %%Oﬂﬁgﬁ%ﬁpoi nts. Subsequent neasurenents of ?égug']?‘%é&%l

t hi ckness can be used to determne the distribution of 15surface

t hi cknesses within three sigma (a) standard deviations. A preferred
non- uniformty nmeasurenent is less than 10% and nore preferably

| ess than 8% while a non-uniformty neasurenent of approxinmately 15%
or greater gengpas ys@&é&%&ﬁkﬁﬁn&a@u@ﬁ{eﬁ@rﬁs@zﬁ@aé&%@er a0l B0 \of wehe

el ectrode assenbly. [0040 | Gs. 9A and 9B are charts of etch rate
and etch non- ufﬂufld)tmi)et ylth@@rmcblsw@@ﬁv%iops (¢ or paticlsicagntof less SiaN 3af er

d f d
aspect i vel v, 17 Pal i gread rfofF SefEc TR AR R AY

rate or etch ngumuelct)mftmsyr Sbr@ﬁirﬁpléqlhfeﬂrﬂ eheclsageyias serbl (j L, alv yas
used for etching gq et chi na of 800 wafers) four tines, wth the
el ectrode a%se%h‘g)itﬁ sahisgreassd tha astidel coynt A afé’F gramnle)| ORGeSH- af t er

each etching c % fﬁig()(iﬂglﬁ Ho@ ?1%106%:11 ﬁt@dl?ﬁ@ﬁﬁongffoﬁﬁ&h us@f @p@nd

etch non-uniformt or etching o er and FIG 10B'is a
chart of etch reao‘&remdec&tcdh assombligsi &t 89 pbings dnowafedscenohgling a arrSn@ge

fer. d
bPrek i1+ eon Mottt iin. b SoanSPLREh S SRt Sur Ay fore

not indicate fQuiatieieQkserbBSFIS! I i HHWRUBNSI EeH ra?OdiNribNas 6n O fvakira
etching of fluorinated 30silicate glass. [0042] Surface particle

measur enent& f o apla¢ct ¢lestensle jagseglly, HHanl 1§ 9Re's the PNwipleratodin@ibpdorhen a
W thin product waRE Steer héﬁ%g?hs%m Crfls, 11'?% 'w%ltl?e SR h ?afte 1?&1?%&1#}@1 ?0) '

after polishi ng an f OF Hance Lesti ng.

i ncreased the wa&t a@éremmwlttbme efearroxapghigy fére E’lléhoW@J 4 FI6stiilBg
with no RF (i.e., flow gas 5w thout plasm) increased the particle

count by, for ®wHEPRESIN &l ’Eaéf'eﬁ*ismean *FW@Y affef £1qhing i Sieglesirede
rate distri b“tég’é]ﬁtflg%rm@rlﬂ%?ﬂglgﬁ? %ﬁqﬁlﬁgﬁ{quﬁ\ﬁ aw.freege fee%aleezty dn@S

at 49 points on wa exc e speC| ically,

FI G 11A showsetttheniffirMitgtredoveyt e di stri bution on a wafer for a new
el ectrode assenbly, FIG 11B shows the SiN etch rate distribution on
a wafer 10for a used el ectrode assenbly, FIG 11C shows the Si N etch

rate di stri butjg@i4]0Nwaile various embodiments have been described, it is to be understood
that variations and modifications may be resorted to as will be apparent to those
skilled in the art, Such variations and modifications are to be considered within

20  the purview and scope of the claims appended hereto.
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waf er after hand polishing, FIG 11D shows the SiN etch rate

di stribution on a wafer after etching with the el ectrode assenbly for
10 RF hours, and FIG |ff shows the SiN etch rate distribution on a
waf er after etching with the el ectrode assenbly for 30 RF hours.

FIGs. 9-11 indicate the effectiveness of etch rate and 15etch
uniformty recovery. [0044] Wil e various enbodi nents have been
described, it is to be understood that variations and nodifications
may be resorted to as will be apparent to those skilled in the art.
Such variations and nodifications gfeiug be considered w thin 20t he
purvi ew and scope of the clainms appéended hereto. CLAIMS 1. A nethod

of cl eam‘m%%dﬁﬁ%lﬁnﬁ@é Qg@d @l@&%@ AbsEN rdo?dd?ﬁm@ é%l@&ﬁ% efReged

si | i congifiedrf f¢Rce 1A @n{@ﬁ Eél@ inBMd ShddrGsrfate Shk Li%%g ?surface
and usi pigoGemMidibRIEN WAR!F #r8m '8 ERYRe R NLIVA P 9as
O“tletsth% df\‘oEl aEsérﬁbl P oi e\':vﬁgrtefnotﬂgc ﬁﬁwﬁt} éwgl%l fack su ace

wherein ?ﬁ\%%g m)ve k st con
2. The thg&h'cé aim1, furt her conpri si ng COZ snow bl asting the

her o1 ny ;rgg ok Elar AT SbBrend 5 e gRa Bl i ediees pror

appr oxi I p-inches or | ess. 4 The nmethod of Caiml, V\/nerel n

th | ] f hed t ant The
method Bf & S” o it Q; ?{gmﬁ et S AR ERBE T 2 SEHE | ng 220,
280, 366’”9 ?ﬁ?s OAHBPE‘S’?“ Maje g THCNEP ShGRY pol i shing disks. 6. The

t hod d th trod nb t at t
Speed of H]@dﬁ%fh&é of BT s m SRS CHaCS S POl sk G SR RGl ai m
1, furt PGSR sing i mrersing the el ectrode assenbly in deioni zed
wat er . Caimy7, further corrprlsm ultrasonically

cl eani ng ?*wem%ﬁhgg §§6éma1smﬁ*ptherﬁwwr@%!sm ghed ung T4 250 A" of
d ai m 180QuaBeier 1380, griediamepd ARlshiNgFi#liSy i s a shower head el ectrode
havi ng gas outlets. 10. The nmethod of Claim1l, wherein the silicon

sur f acebi Bednatsed of Clayprid aerein theplegirdeassemhivigraiategat a speed of
about 40-160 rpm during polishing.

7. The method of Claim 1, further comprising immersing the electrode assembly in
deionized water.

8. The method of Claim 7, further comprising ultrasocnically cleaning the electrode
assembly in deionized water.

9. The method of Claim 1, wherein the electrode assembly is a showerhead electrode
having gas outlets.

10. The method of Claim 1, wherein the silicon surface is elastomer bonded 1o a
graphite backing member,

11. The method of Claim 10, wherein the graphite backing member contains mounting
holes.

12. The method of Claim 1, wherein electrode assembly comprises an inner electrode
surrounded by an outer electrode member.

13. The method of Claim 12, wherein the cuter electrode member is comprised of
silicon segments arranged in an annular configuration.

14. The method of Claim 1, wherein the silicon surface is single crystalline silicon.
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11. The method of C aim 10, wherein the graphite backi ng nmenber
contains nmounting holes. 12. The nethod of Caim1l, wherein

el ectrode assenbly conprises an inner electrode surrounded by an
outer el ectrode nmenber. 13. The nethod of Caim 12, wherein the
outer el ectrode nmenber is conprised of silicon segnents arranged in
an annul ar configuration. 14. The nmethod of Claim1, wherein the
silicon surface is single crystalline silicon. 15. The net hod of
Claim1, further conprising cleaning the silicon surface with an

aci di ¢ $®l1He rasthod bBClaltnel, fRtHRe domprisihd@tlending tHe dilh LeEBSs WathRE acidic
i nspect ggigtidnhe el ectrode assenbly after the polishing to ensure that
the el ectrode assenbly conforns to product specifications. 17. The

net hod ¢f. T@e&hé‘fhé@of ohahel, furthe capEINemSp&iting ite Slebir6@Das ek AL SitdrS
i nspect gd.p ollélﬁn% S Halt H@‘elé@tﬁid@a%serflbllﬁvtcbﬁforrﬁé’%’Fﬂo@ib@tgspteﬁﬁlkétﬂﬂlst he
per formance of the eI ectrode assenbly 1n a plasma e chanber after

the pol y3hiHa0nethdd of ah‘?mni%t PAdre thelr8d ng(ﬂn%gs of"ﬁﬂ@rsﬁi'cﬂn %Dﬁa@et :@"hép%t%dand

etch uniformty of the electrode asse y are tested.

P oo e d o ey S 0 i,

usi ng t ane ectro € asse

19. The method of Claim 18, wherein the etch rate and etch uniformity of the electrode
assembly are tested,

20. An electrode assembly cleaned according to the method of Claim 1,

21. A method of etching a dielectric material in a plasma etching chamber using the
cleaned electrode assembly of Claim 1.
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