CLEANI NG METHODS FOR Sl LI CON ELECTRODE ASSEMBLY
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assenbly conprising a pl asma-exposed silicon surface
conprises contacting the silicon surface with a

sol ution of isopropyl alcohol and deionized water. The
silicon surface is contacted with an acidic sol ution
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exenpl ary recovered el ectrode assenbly. .
plarana-ex)}/)osed scl)l\llcon surface ot1 a use(? electro&b asXembly comprises 0.01-5%

ammonium fluoride, 5-30% hydrogen peroxide, 0.01-10% acetic acid, optionally O-

5% ammonium acetate, and balance deionized water.

Brief Description of the Drawing Figure

FIG. 1A shows a fixture for supporting an electrode assembly during
cleaning and FIG. 1B shows an enlarged area of FIG. 1A.

FIG. 2A shows silicon surface morphology of a new electrode assembly,
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.

FIGs. 3 and 4 show exemplary used electrode assemblies that have not been
cleaned.

FIG. 5 shows an exemplary recovered electrode assembly.

FIG. 6A shows discoloration of the silicon surface of an inner electrode
assembly that can result from wiping 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.
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FIG 6A shows discoloration of the silicon surface of
an i nner electrode assenbly that can result from
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di scol oration of the silicon surface of an outer

el ectrode assenbly nmenber that can result from w ping
with an acidic solution.FIGs. 7A-D shows exenpl ary

el ectrode assenblies before and after recovery.
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the formof _a circular djs
may contain silicon showerhead e{ectroc?e assemblies containing gas outlets. As
disclosed in commonly owned U.S. Patent 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 electrode in the form of a circular disk of
uniform thickness and an elastomeric joint between the support member and the
clectrode. 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 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 alloy powder filler. In order to avoid
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the electrode to conpensate for thermal expansion as a
result of tenperature cycling of the el ectrode

assenbly. The elastoneric joint can include an

el ectrically and/or thermally conductive filler and

the el astoner can be a catal yst-cured pol ymer which is
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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 processing
conditions affected by the formation of black silicon include high nitrogen and low
oxygen and C,F, 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 10 microns. While not wishing to be bound to any particular theory,
black silicon formation on the plasma-exposed surface of a silicon electrode (or

other silicon part) is believed to occur as a result of non-contiguous polymer

deposition on the silicon electrode during plasma processing operations.
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Silicon electrode assenblies used in dielectric etch
tools deteriorate after a | arge nunber of RF hours are
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formati on of black silicon. "Black silicon" can form

on a plasma-exposed silicon surface as a result of the
surface being mcro-nasked by contam nants deposited

on the surface during plasma processing operations.
Specific plasma processing conditions affected by the
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Ofsoﬁ flakes of CO,) 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, gas then typically are passed through a filter, such as a high efficiency
particulate air (HEPA) filter, where the contaminants are collected and the gas is
released. An example of a suitable snow-generating apparatus is Snow Gun-II™,
commercially available from Vatran Systems, Inc. (Chula Vista, CA). Prior to
polishing, the electrode assembly may be cleaned with acetone and/or isopropyl
alcohol. For example, the electrode assembly may be immersed in acetone for 30

minutes and wiped to remove organic stains or deposits.
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el ectrode assenbly may be precleaned to renove foreign
materials. Such pre-cleaning may include CO2 snow

bl asti ng, which involves directing a stream of snal
flakes of dry ice (e.g., generated by expanding |iquid
CO to atnospheric pressure through a nozzle, thereby
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er to renove dirt and keep the el ectrode assenbly )
weittiny\hedarnmageds obseraddadhe silisdnglegiradspsisabiy mefishipg can begin
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S 5B B o 8k AT e
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ScrubDl SK. The polishing procedure (i.e., the

seli@neridymlishdgsedsence of the polishing paper used),

Gepend i RSB EL B SRBEL e cnt-miE o

| So@RSRENRE 00 Profdteblgiabb@ain- Eoapin: tlendeme biat yot strong, force is
preferably applied 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 beveled
outer edge) is preferably maintained during polishing. In order to minimize particles
trapped inside gas outlets and within joints of electrode assemblies, a deionized
water gun may be used to remove particles generated during polishing from the gas
outlets and joints whenever changing polishing disks and UltraSOLV® ScrubPADs
may be used to remove particles from the polishing disks.

Following polishing, the electrode assembly is preferably rinsed with

deionized water and blown dry. The surface roughness of the electrode assembly
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for exanple, 220, 280, 360, 800, and/or 1350 grit

di anond polishing disks. If mnor pitting or danage is
observed on the silicon electrode assenbly, polishing
can begin with, for exanple, a 280 grit dianond
pol i shing disk until a uniformflat surface is

agly Blu aftasuBetbsng) dort e)qanipilfs hiSmgfscausybteri Ehie, suffeqae roughness of
exa e, 360, 80Q, r 1350. grit dia ol i shin
dihs electrogs assembly)iz gWE bly aperoginzately St nB B is )
attac h‘fger' Elgct cfe%wrr?oq%?s » prifefdbl 1n'irﬁ&1§éd ﬁh"lie&ﬁﬂ;ﬁﬂ wdter at 80°C

prefera ut 40-1 rpm uni form but not
sfordrigur frmrder todoger pettiales yhaa ppmb@dranmd inceap enileth ppdyjoints in

S dierkebofy embbng el THE 1RENER dab bt allrcaly beaned for

A§@ RilitBSinYdeidniR dRPdtérsdt bhelt BOTC,a6 Senme Iiaatkﬂesafrom the surface of
I gnificant anpunt of tineg, dependl ng. on the deg 0

ptlteteller¢gOd¢ a?amhb'e The clesrods asemblyanaskemersd ﬁfé{ i%'b%ﬂtmn

a Qut

¢ e itofiedan il o frafSt by c@&a%“‘ﬁs%?ed“

onMegdge) is preferably maintained durl ng pol i shing.
In order to mnimze particles tra nsi de

out | e ihanwcmpdqﬂswawnmgluémgéaéev SR figinting holes of
eee e %rog bl “{jalyrﬁ%%lé%ﬁe(?‘ Eﬁlt fopERME oRBES 'vsﬁﬁte@gun ata

fa r|n poli shi ng t e gas outlets an
tdﬂﬁtﬁ‘e whiesethan oﬁh@m@td@ }pm)l Spd‘mzd drantilmiggnapnble needed to avoid

U traSOLV S bP
fﬁéf;?gglﬁé hRRASHBE CEHRIE DA ARG SR SRt o dprsa oI s he
g;h[t gtgrfzg:é%?%gé/d éléct@’d@faﬁeﬁmy mighiheek Mdoke ﬁﬁfa@l siedure.

he surface roughness of the
elGiednt euhe pm emwrywa? mevht’@ahmaé thaydenged footheel pariile removal

a Surfs The s
okt oSk P PESBrBlas . he

£ | \Rator D6k déwathadi 1
U ity K g e sy

gggfngO Igosen fartlcles that may be trapped in gas
nd.joints. i

o BSOS SRRl Y i

3QrAkdHize8 wabter dad Gobpe lediei, ;ﬁéfeﬁb@uﬂlltré@& ta mmcemvkuble

particles fromthe surface of . ‘
metal contaminants, such as, for example, sodium salts, potassium salts, and
combinations thereof, as well as polymer deposition from electrode assemblies. A
weakly acidic or near neutral solution, described in detail below, removes insoluble
metal salts, such as, for example, calcium silicate, copper oxide, zinc oxide, titania,
and combinations thereof. The acidic solution is removed from the electrode
assembly using deionized water, ultrasonic preferred. Finally, the electrode
assembly is preferably blown dry using filtered nitrogen gas and oven baked prior to
final inspection and packaging.

The weakly acidic or near neutral solution for the removal of silicon surface

metal contaminants may comprise:
0.01-5% NH,F + 5-30% H,0; + 0.01-10% HAc + 0-5% NHiAc + balance UPW.
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trapped particles. The el ectrode assenbly, including

gas outlets and joints or nmounting holes of the

el ectrode assenbly, may be cl eaned using a

ni trogen/ dei oni zed water gun at a pressure of |ess

than or equal to 50 psi. Special handling my be .
néde gaetheremhaditaen otha dicakly deidig eyt pejitial filukitn may comprise:
bacl.ng NBIPL1 0909t ASOLL 60 LA ASS 08 NHAS + Bffance UPW.
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RO b5 BN 0 s DA SRR B

+ aBrITUANUAE athindd b stddPMNH, Ac) serve as buffer solutions to maintain
the pH of the solution as weakly acidic or near neutral. The ultra-pure deionized
water (UPW) preferably has a resistivity of greater than 10e18 ohm/cm.

To further reduce the risk that the bonding material of the electrode assembly
is chemically attacked by the acidic solution, metal contaminants are removed by
contacting the silicon surface of the electrode assembly with the acidic solution,
preferably by wiping, as opposed to soaking the electrode assembly in the acidic
solution. Accidental contact of the acidic solution with the backing member or
bonding area is thus avoided by contacting only the silicon surface of the electrode
assembly with the acidic solution and by means of a fixture that allows the silicon
surface of the electrode assembly to be supported facing downward while the silicon
surface is cleaned. With the silicon surface of the electrode assembly 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
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waebatissnt s, can al so be added to the cl eani NRCT/US2005/045460
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solution to enhance the efficiency and chemnica
reaction rate. Hydrolysis of ammonium fluoride (NHiF)
in the acidic solution generates hydrofluoric acid and
anmoni um hydroxi de. Hydrofluoric acid helps etch the
silicon surface. However, excess hydrofluoric acid is
U Bigrmdrhierion bohdiagareg. Fhabaaking mpohecanddiondipgrarea are

el ect r ode emblies, hydr of i C. i . .
St ST
twlﬁei#?lg Adittod ‘Plg,x i 8RR Molib aeRBR) bUAdi atetisl i@ Preferably

exc ent conp 1 ng agent that forns stable conplex .
nprosdcteddryscowktitng with ynaskiag snat¢rish apd/pm¢hemieal gepigant tgpgprior to

exanpl e, . er...and i.ron. Thus, the presence of
aﬁﬁ%ﬁ?&?ﬁ“ﬁgﬁ’g?lﬁhﬁﬁ&w%&nﬁt al removal efficiency.

Hy dr 0gRadRRhEPtheRulesRRoid sccidental ongacif thezeidic wlinidn with
hel ps to renove not only organi ¢ contam nants,

attedadigng meother anbondingsireauichide QW%HF,CIWGQ%@%EI%W after

per oxi de _can oxi di it . hi
Chant g PR RY Rt AL, v BERAhE ackifh fRber down o the
ABMBA surfaas, MEblswingdnbmidnal feluttdnefrom thyeckibgparsurface. After
peroxi de can form cgelﬁti ng c | exes with nany t al
e e ooy e el LSS ol o TR e
an ' . . i .
LSR8 oL g0 e s ool e
neqEesitial cddic sTheondtrieg posieg wish deiopizgd watemay R fprther

r ef bly h i Sti Vi o
SR R o .
gﬁegé’ilii((%lg s‘gf/fa%({:\gitﬁ liSiohized & afks.S VT the tRcES®dsE&hbly supported in a

ckec he aci dic solution, nmetal contam nants,
affizture withebe biljicannirface Fasipg dosvnavard, domelseiradsassemtoly wall be

el ectrode assenbly with th i di.g '
orored Zomyhaaing Moo do BB ot find rgoueh s hols,
elegtipde assenbly in the acidic solution. Accidental

contact of the acidic solution wth the backing nenber
or bondihadixaurezsized te thesclepigie awemPlioesieanty hgﬁ p ﬁt“f‘fyebase

cepfitcs 8 bR R g e AR RIS bl faboye the

t RéorRink ibefdh surface, allowing the surface of the electrode assembly facing
downward to be cleaned. As illustrated in FIG. 1A, showing a fixture for supporting
an electrode assembly during cleaning, and FIG. 1B, showing an enlarged area of
FIG. 1A, the top of each supporting member preferably has a step on which the
electrode assembly rests and which prevents the electrode assembly from slipping

off the supporting members. The supporting members, and base, are preferably

coated with and/or made from a chemically resistant material, such as Teflon®
(polytetrafluoroethylene), which is chemically resistant to acids.

The electrode assembly is preferably inspected prior to recovery and after
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



surface of the el ectrode assenbly to be supported
facing downward while the silicon surface is cleaned.

wMedok/ot1s62 sil i con surface of the el ectrode assetmbig2005/045460
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supported faci ng downward, excess acidic solution

applied to the silicon surface can be collected after
dripping off of the silicon surface, as opposed to
flow ng to thebacki ng nenber or bondi ng area. The

backi ng menber and bonding area are preferably

i 1988 iuafact Vlemtlz@sedndictibels €lonpied PlasnetMpssi Spectoprmetry arplysis),

Ve“q;é%pé iR oBR AR Y, SeaE AT 3 SIEFERBRERS partcle
81%&%? pf’er gaéoﬁq\égﬁﬂdq&gla LR ermstel 0&9 NGRtaEd fmbr;ﬂmwg@r(e 2., by

emca stant tape prior to cleaning with
asuadnmgahﬂctrbn anicrofabpiy  SBMI), andmsasusemens o blsick s1hcon pits and

acci den}lal cgnta t ofea?}hé_l |g| ?Cr ‘%’f%lﬁgt% 91\5\/!6&%\,%1]3&6160“0@

ehs%%ﬁﬁé’searégﬁe? 1Y t&hddb enbuRe Bt tizirBehve Rl @sidael assembly
nitrogen | own fromthe backi ng nenber down to

t bchiliitd accqvtabillefcacr@te apdetchupifprytyany resi dual sol ution

fromt urf

< T onbaa A PERT I REFUPER) i it Rt hOnOREY S RRe
elel%@tfrédbda%séiﬁtﬂ?m mxm(m 040, 21€’d amitmo p-Biches, agspsctively)
potential attack of the bonding ri aI

ashay silisen sirfasa mamPhaleEy Afifsishg elﬁmr %é’&{e‘\x&?@@m& and

b her e r
WFGEGE RIS, Do R enEs, BB .Sﬁ%*?%%gf; e
S uidrpteRogy 61 wheld elecredt assdnaily afiét polishimge [FéGs r%‘dé} show SEM

assenbly supported in a fi ture the
s imeges ﬁé@!cﬁg UV R oS HGA 0 etk 100 gt St sl gy pssembly

ber ?1@ %S Jr Q?ecﬁ@@é‘éﬂﬂ%n%@%[ec%&@nfeﬁlbfeh Qs gistussedabove.

sur ace, rough gas holes, if present
f IFIGsINB, amll meateumagetseal@lnefmm uerentss efthieynnes el@étrode FIGs. 2C

cle has a d three.o r
s &B@%ﬁf‘? ?rﬁ‘g?% ﬁ?%&? fﬁe ogqrﬁwlgn%ﬁ dtros e&gsFéI S ]?/ and 2G
a?PeVﬁn Eftaweﬁ kbRGhb8Rehelsttf JdR eEomiRr] BYG Istome tsmrpfoas}ang

e el ectrode assenbly facing downward to

be
clrecven theislicdrl sysfacametphotpgyiagd royg §wmaﬂ§e%elpptyqq9raésembly
for .su ortin CILO assenbly during cl eaning,
anithe é? gﬁg&fﬁaf d11’el?a{rged area of FIG |A, the
top of mEss sidpsiow HEnipkrh asedulaftexalbsentbiiss thashap nohbeen
whi ch the
cleaned and FIG. 5 shows an exemplary recovered electrode assembly. FIG. 6A
shows discoloration of the silicon surface of an inner electrode assembly that can
result from wiping 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
(both having Ra < 8 p-inches) show exemplary electrode assemblies after recovery.

FIGs. 7A and 7C show outer electrode members, while FIGs. 7B and 7D show inner

electrodes.



el ectrode assenbly rests and which prevents the
el ectrode assenbly fromslipping off the supporting

woreowb®er$52 The supporting nenbers, and base, arBCT/US2005/045460
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preferably coated with and/or made froma chemcally
resistant material, such as Teflon(r)

(pol ytetrafl uoroethylene), which is chemcally
resistant to acids. The el ectrode assenbly is
preferably inspected prior to recovery and after
recovery to ensure that thef¥aBBl¢ered” el ectrode

ass eml%e%ﬁé@fn@ﬁn%tﬂ d(pf09 disGhin Eﬁi%x? Efé@trréd%nacsfembly surfaces is

| nspection may Inc neasur ng, for exa
d |mewéernm§3e(1Husgra,tlve Hiut kotdssitingsur f ace roug h ness (Ra,
nche | ess r ef 8 minche

or Do Soa RSO Pb T e B P e WSS GAF Bbjed with a

Pl sapstBsoliivbh ofRefoh 20 atef oAl %¥§J|p§9 alc@ddil f @%seﬁlrctam)ca@an the
count as neasured by, for exa I (r)+ Surface

P#iaciteleamemblyt for 3¢ Fvemntat?gai moore mmmﬁlr@tgree §f ntqemmﬂxgbtly scrub

ur f fac [ n n| electr
it B4 e RC Rk ubi YR G ARE Faf e any
pirtSdan d{@xﬁ(ﬁi& thkeplettodehadicnttey frofl the BBlutd:e Bf @disnib&l water and
performance of the recovered el ectrode assenblies are

rl%qm?% pipohels Ramserthe elgetinde asseably For af laghiisieaginutes using ultra-

58 BRIFL0ASFOP PR U RSN L o8 Wi

S Ivhlh:tha bsa:lmﬁgmde and fulllowed &)y oific slicvavsidd. d€ hécaSary, repeat the
azéenbl FIGs. 2B-D ‘(1 = 240, 170, and 290 mti nches,
PULOITEEPYS ABHEWaLING ¥siblsiss i e nor phol ogy of a

used e |P¢é‘crertﬁ’éj§e&§o?ﬁ@§e‘{nlﬁfgﬂ h §ixRAL Wi tﬁ‘@sﬂl Lg: T facmg
2E-G (Ra =9, 9, I nches, respective

sidowvnwards uhr ak:)ethwmlq@trodm@,semblyalsugd'dteat(bmtmgd'egas Wet a

ft Fl Gs.
o POeST FEBTioQnITRE B e RGP ATe SN a0 Fes 001-5%
TheaelophbhAN-8%STAPAY, 288 bhlhfee BPWashdalipk A ectrode assembly

el ectrode and an outer el ectrode menber, as di scussed
alsdicen swifaes. Replage dleZEet@d@OIymtge@emk@n Wipoas ndeessary, until

c £ of I odg,

TS BRI nE B RCCR uohe TSRt fusTuling e
Flréiﬁeat AP vipiglg 26ti Btherel iSBg @ﬁ;l‘dl@i@fdlué o thd WipeOWse'a clean, dry
el ectrode nenber. FIG 2 shows that polishing recovers

t I§teaBropEpedy) gﬁt&bewmr%ﬂ@ﬁléw salwéion dioghthe sdicen surfassed
el eCt r qgffse%ﬁg Slgptlryde agsmy,sihah(%ngftheaga@ %\Slleg,l with ﬁggﬁlzed water

ass
for at least five minutes. Soak (immerse) the electrode assembly in ultra-pure

deionized water and ultrasonic clean in ultra-pure deionized water for 30 minutes.
Rinse the electrode assembly, including the gas holes, with deionized water for at
least five minutes. Air dry the electrode assembly, including gas holes, using
filtered nitrogen gas. Place the electrode assembly in an unheated oven and heat the
oven a rate less than 10°C/minute to 120°C. Heat the electrode assembly at 120°C
for two hours. Tum off the oven and allow it to cool. After the oven has cooled to
below 60°C, place the electrode assembly in a clean, dry area to cool to room
temperature.

Inspect the electrode assembly for any surface residue, water marks, gas

holes blockage, and/or bonding material damage. Clean the electrode assembly

-10-



FIGs. 3 and 4 show exenpl ary used el ectrode assenblies

t hat have not been cleaned and FIG 5 shows an
wex@aptEsy recovered el ectrode assenbly. FI G BA/BRINGE045460

di scoloration of the silicon surface of an inner

el ectrode assenbly that can result fromw ping with an

acidic solution and FI G 6B shows di scol oration of the

silicon surface of an outer el ectrode assenbly nenber

that can result fromw ping with an acidic sol ution.

FRERIN 1f7my(REfase tfsldu?nw%m%rj(&e@ﬁefov gag refesblgeiee is found.

RS PR S S e SnE ) s

< 8 m iWhieegrionb embediargptsdraye béanaiesaitedas setoliiei understood that

ﬁg(fqagét}é% o moglfmlzlgé;r?s qaéy % gpgqrgy%stag\%vvvylﬁ E?tg I%{)pa?rlex(?t%) rthocée skilled
5 € lnF fHe 00 %rc ldns Lhe nIo‘a A QUMb Ghr 8T BobrkRered! vwiaith '&93 purview

silicon ectrode assenbly surfaces I1s provided to be

i lahdis¢apatoif the, cliputs appended hetetong. Soak (i nmerse) the

el ectrode assenbly in an ultrasonic tank filled with a

50/ 50 sol ution of deionized water and i sopropyl

al cohol. Utrasonically clean the el ectrode assenbly

for 30 mnutes at roomtenperature. |If necessary,

lightly scrub the silicon surfaces of the el ectrode

assenbly with a lint-free wipe to renove any residue.

Renove the el ectrode assenbly fromthe solution of

dei oni zed water ‘and isopropyl alcohol. R nse the

el ectrode assenbly for at |east five m nutes using

ul trapure deionized water. Flow water through the gas

hol es from both sides, beginning with the backing side

and followed by the silicon side. If necessary, repeat

t he above to renbve any renmi ning visible residue.

Pl ace the el ectrode assenbly on a fixture with the

silicon surface facing downward. Air dry the el ectrode

assenbly using filtered nitrogen gas. Wt a pol yester

cl eanroomw pe with a solution of 0.01-2% NH4F, 10-20%

H2O2, 0.01-5% HAc, optionally 0-5% NH4Ac, and bal ance

UPW and w pe the el ectrode assenbly silicon surface.

Repl ace the wetted pol yester cleanroom w pe as

necessary, until

-11 -



there is no visible residue on the wipe. If there is
any visible residue on the w pe, repeat the w ping

W@ edbl07tSeere i s no visible residue on the w pePCT/B82085/045460
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cl ean, dry cleanroomw pe to gently w pe off residual
solution fromthe silicon surface. Rinse the el ectrode
assenbly, including the gas holes, with deionized
water for at |least five mnutes. Soak (i merse) the

el ectrode assenbly in ultra-pure deionized water and
uCLA®SSNi ¢ clean in ultra-pure deionized water for 30

m nutes. Rinse_the. el ectrode assenbl i ncl udi ng t

ke homdueihag DFIERIGHS S AEeRs FoPEy Soiei g hybeif-
EE:fBﬁ‘séésiuéHs e LRpifet rode assenbly, including gas
ol'es,

using filtered nitrogen gas. Place the
el ect r cattactimgdhdsilicansuafacewith atselution ef isap@phkalcohah and
o;{len a rate less than 10C/ mnute to 120C. Heat the
efeepIEEh¥akEsenbl y at 120C for two hours. Turn off the

oven apghtadin@whd §ilitéh efate whhbefciditssobutian doaprisigt ed
to bel ow 60C pl ace the el ectrode assenbly in a clean,

dry area t 008dci% emmaninm flugpddiat ure. | nspect the

el ectrode a f .surface residue, water
mar ks, gas %gﬁ%ggh%qrgg{?a}%g%/mg%d/or bondi ng materi al
damage. C eamitives etetictacdgle assenbl yagain if any

surface residue, water narks, and/or s hol es
bl ockage i sOoPBRIMHY Oy QUBURZECRS: 3 -hpyed from

surfaces angdlgn.AdfsolidlEsatshag filtered nitrogen.
VWi | e various enbodi nents have been described, it is

to be wodectigihd silivan smdace atithodesorazed wasell; f i cat i ons may

be resorted to as.will be a ent,,to,.those.skilled in
the ar t"".he%%ﬁor\;%fP}n&?ﬁsé‘FFsregwggﬁha{nftP% SHICQ RIS | 5 e

considered within the purview and scope of the clains
appended hereto. CLAMS: 1. A nethod of cl eaning a used
elect r it nzsisehdfl Glaio hpwhestingontapiing itk soobriog;qfjisoprepy

surface copprisi,ng:. contacti.ng t (] :
weloshs! B dGti er SBRRSGn Mt e Pl G g diceBE Ry in
WahRition 6PRbAGPYIMIcdHOE akd ddicredswittace with an acidic
sol ution conprising: 0.01-5% anmoni um fl uori de;

3. The method of Claim 2, wherein contacting with the solution of isopropyl

alcohol and deionized water comprises ultrasonic cleaning.

4. The method of Claim 1, further comprising supporting the silicon surface

facing downward prior to contacting with the acidic solution.

5. The method of Claim 4, further comprising rotating the electrode assembly

while contacting with the acidic solution to ensure that all of the silicon surface is

cleaned.

6. The method of Claim 4, further comprising rotating the electrode assembly

during while with deionized water to ensure that all of the electrode assembly is

cleaned.

-12 -



5- 30% hydr ogen peroxide; 0.01-10% acetic acid;
optionally 0-5% ammoni um acet ate; and bal ance

waledoeniser wat er; and contacting the silicon seeT/EHSE®05/045460
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wi th deioni zed water; wherein contam nants are renoved
fromthe silicon surface. 2. The nethod of daiml1l,
wherein contacting with the solution of isopropyl

al cohol and dei oni zed water conprises i mersing the

el ectrode assenbuﬁ in a solution of isopropyl alcohol

arfd deilorimasipdefi@pim 3, winreinpentisdngthe sligphrsyrfacgyathearacidic
QDR ASH Q:%Rﬁge%'%é‘ﬂgpﬁe%ﬂédn f%ée wﬁﬂ%g{%cs%l&fbﬂo' gﬂ‘_ﬂd

deronrze frasont ¢ éreani ng. 4
method of Caim1l, further conprising supporting the
silicon_surface faC|n$ downward prior to, contgftln

wid h t Hdearstipdoflolpin [ ofyrthey compsising: ipsRedis aping a backing
mlﬁa[tsls;b&}%ﬂgmeeﬁg ek eaa)d%ggseﬁl LGRS 8 WPkt if

e con W th t e acidic so ution to ensure
thaMaahdwmmihhan&nhomnnnsurface is cleaned. 6. The
nmet hod of Caim4, further conprising rotating the
el ectrode assenbly during while with deionized water

t @ ensumg nidiRdd &¥ Elah 81 WRer8inohfal S SRI¥Bh ¥urffce with
cl’'eaned. 7. The met hod of Claim1, erein contactin

t eiosided vauter somprises misittg thebacking plateovith deenizeshysetesfatlowed
W, pi ng. t licon.surface.wth an acidic solution. 8.
Ttl?s( W%%H%gﬁe 8111“(’3 %ﬁr%ciwnﬁ&%{oﬁlgregcoaﬁ%r i sing i mediately

cl eaning a backing plate or bonding material of the

el ectrode assenbly with deionized water if contacted

willh t Adeanstiodofdclaim Powhergin cpptactieg With defonizied wafeg comprises

u?ﬁnecelrsrﬁclé:rgl% %%Ero@egastsggbﬁll ﬁ'd&%ﬂlgé(?’ (Ja?e?e wi th deioni zed

I'Ses ri plate with
dei oni zed wat er follomed by rlnsing the silicon
surface wi th dei oni zed water.
11.  The method of Claim 10, wherein contacting with deionized water comprises

ultrasonic cleaning.

12.  The method of Claim 1, wherein the acidic solution further comprises one or
more additives selected from the group consisting of chelating agents, surfactants,

and combinations thereof.

13.  The method of Claim 1, wherein the acidic solution further comprises

ethylenediaminetetraacetic acid.
14. The method of Claim 1, wherein the contaminants are selected from the
group consisting of polymer contaminants, soluble metal contaminants, insoluble

metal contaminants, and combinations thereof.

15.  The method of Claim 14, wherein the solution of isopropyl alcohol and

deionized water removes polymer contaminants from the electrode assembly.

-13-



10. The nmethod of Claim9, wherein contacting with
dei oni zed water conprises imersing the el ectrode

w@s®enbisy2 i n dei oni zed water. 11. The net hod OPCTZUSI0N5/045460
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10, wherein contacting wi th deionized water conprises
ultrasonic cleaning. 12. The nethod of Caim1,
wherein the acidic solution further conprises one or
nore additives selected fromthe group consisting of
chelatlng a%ents surfactants, and conbj nations

ér eoflhe pagthorkef Glah b Vﬂ?er@léhqﬁqutlmmpﬁm%élcabqlcﬁﬂé

5 il 84 o 0y bl e oL Sbdied BOAARE Blouf

c @nﬁsamngaﬂtssdlamwaIpeta‘sﬁ'dmfsahmahh eogbmapowscthaiest frowg thé
ynmer contam nants, soluble netal contam nants,

[ ﬁ?& 10¢% &SePl cont ami nants, and conbi nati ons

t hereof. 15. The net hod of CI aim 14, wherein the

solution of isopropyl alcohol and deionized wat er

r difov e Shp ohethest ofddlama id, welmrein threoavidip eolatierc tenuayes insoluble

< arancatiagpoandom ST R St Gt Ar oa ey et copper

I QRRIESINS 6k 1dB) tRafTBl Al coRBiARbARMESR0 S fbRAGhEBlctiréd® dshénbly.
group conS|st|ng of sodium salts, potassiumsalts, and

corrbl nations thereof fromthe el ectrode assenbly. 17.

e R N e

gfewdﬁo@@hwlﬁggdsgnuaétscal ciumsilicate, copper oxide,
zinc oxide, titania, and conbi nations thereof fromthe

el ectrode assenbly. 18. The nmethod of Claim1, wherein

t I
19,0 TSI ORI { VS hONRE e LRt b o
t kreaphite backingmefmbdee i s el ast omer bonded to a graphite

backi ng menber. 20. The nethod of Caim 19, wherein
the graphite backi ng menber contains nounting hol es.

20.  The method of Claim 19, wherein the graphite backing member contains

mounting holes.

21. The method of Claim 1, wherein electrode assembly comprises an inner

electrode surrounded by an outer electrode member.

22.  The method of Claim 21, wherein the outer electrode member is comprised

of silicon segments arranged in an annular configuration.

23, The method of Claim 1, wherein the acidic solution comprises:
0.01-2% ammonium fluoride;
10-20% hydrogen peroxide;
0.01-5% acetic acid;
optionally 0-5% ammonium acetate; and

balance deionized water.
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21. The nethod of Caim1, wherein el ectrode assenbly
conprises an inner electrode surrounded by an outer

web@menrssre nenber. 22. The nethod of d ai m 21, PAYESTNF045460
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the outer electrode nenber is conprised of silicon
segnents arranged in an annul ar configuration. 23. The
met hod of Claim1, wherein the acidic solution
conprises: 0.01-2% amoni um fl uori de; 10-20% hydrogen
per oxi de; 0.01-5% acetic acid; optionally 0-5% _
apaoni The aetHod tof Clamdl , lndiesaine theddiconisadacenasiaglexaystathine
met hod of Claim1l, wherein the silicon surface is
s$ilig0e crystalline silicon. 25. An el ectrode assenbly
cl eaned according to the nethod of laim1l. 26. An
acidic solution for renoving contam nants from a

pRHis neAsvebmsede siskinblyrclemed according to the aepthadeeftGlame 1.
assenbly conprising: 0.01-5% ammoni um fl uori de; 5-30%
hydr ogen peroxi de; 0.01-10% acetic acid; optionally

0, 6% anpoR|HMAHSIAoE renfdVin Dedntifidatte ifiof 2 pldsmategposed silicon
2%. The acidic solution of Claim26 conprising:

0 sirfac2%f anmashélentrode @esemipdy conaRIEmg: hydr ogen per oxi de;

0. 01- 5% acet,i id: ' Ly 0-5% amoni um acet at €;
and bal ancebé)gff’?(rc‘iiarzr%nao%\%%glgahhy’

5-30% hydrogen peroxide;

0.01-10% acetic acid;

optionally 0-5% ammonjum acetate; and

balance deionized water.

27.  The acidic solution of Claim 26 comprising:
0.01-2% ammonium fluoride;
10-20% hydrogen peroxide;
0.01-5% acetic acid,;
optionally 0-5% ammonium acetate; and

balance deionized water.
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