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ASSEMBLY SURFACE CONTAM NATI ON REMOVAL Summary 5 In one enbodi nent, a
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i sopropyl al cohol and deionized water. The silicon ‘surface is contacted
with an acidic solution conprising 0.01-5% amoni um fl uoride, 5-30%

hydr ogen peroxi de, 0.01-10% acetic acid, optionally 0-5% 10 amoni um
acetate, and bal ance deionized water. The silicon surface is contacted wth

dei oni zed water. BLgfANINGMETRUDSFORBIEICON EERCIRODE ABSEMBENY | con
surface. The el ectrode assenbly can be used for etching a dielectric

material in a plasm et cHVRFARERRONTAMEYATINREMAVYAL | n anot her
enbodi nent, an acidic solution for renoving contam nants froma 15
plasna-exposed silicon surface of a used el ectrode assenbly conpri ses

0. 01-5% ammoni um fluoride, 5-30% hydruysmaper oxi de, 0.01-10% acetic acid,

optionally 0- 5% a ni u et at n | ance delo ize Bri ef
Descri ptior of the PPIGFREC éﬁ“@ﬂr%m?% ngcale"rm% P56 eﬁ“?‘ge)&sﬁﬁ‘éﬂ? or supporting
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of FIG 1A FIG 2A shows silicon surface norphol ogy of a new el ectrode

assenbly, FI Garfagepvith 8 peJuticsi ¢f1mmpyha1¢@t®éamﬁ)¢q@¢mmdgigm@f Thesidigoh el ect r ode

assenbly befor rface norphol ogy
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shows an exenpl ary .recover ed ectrode assenbly. FI.G 6A shows di scol oration
of the si |ﬁ) m gqlgxg@cg\ateaqp el‘qqh'agge ?(&1& d@éer %‘he silicon surface 1s contacted

with deionized water. Preferably, contaminants are removed from the silicon
surface. The electrode assembly can be used for etching a dielectric material in a
plasma etching chamber after the cleaning.
In another embodiment, an acidic solution for removing contaminants from a
15  plasma-exposed silicon surface of a used electrode assembly comprises 0.01-5%
ammonium fluoride, 5-30% hydrogen peroxide, 0.01-10% acetic acid, optionally 0-

5% ammonium acetate, and balance deionized water.

Brief Description of the Drawing Figure
20 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
25  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
30  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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30 assenbly that can result fromw ping with an acidic solution and FIG 6B
shows discoloration of the silicon surface of an outer el ectrode assenbly
menber that can result fromw ping with an acidic solution. -1 WO
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of a circular disk o
black silicon and other metal contamination therefrom. Metallic contaminants can

be efficiently removed from silicon surfaces of such electrode assemblies without

discoloring the silicon surfaces by wiping with an acidic solution, which reduces the
15 risk of damage to electrode assembly bonding materials. Accordingly, process

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

cleaning the electrode assemblies.

Dielectric etch systems (e.g., Lam 2300 Exelan® and Lam Exelan® HPT)

may contain silicon showerhead electrode assemblies containing gas outlets. As

20  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

25  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 electrically and/or
thermally conductive filler and the elastomer can be a catalyst-cured polymer which

30 s 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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Further, adj acdiits isegaEHing in p qanapitively sovried playma professing fookaPotheheipeen appi ng,
Wi th gaps or |&Qddbode B MREL1dcHEde member are preferably comprised of single crystalline

15  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, 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

20  adjacent segments.

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

25 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,

30 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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20 adj acent segnents. Silicon electrode assenblies used in dielectric etch
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cl osely spaced and can typlca y have I engt
like micro features are closely spaced and can typlcally have a length of from about

10 nm (0.01 um) to about 50,000 nm (50 pm) (and in some instances can have a
15  length as high as about 1 mm or even greater), and can typically have a width of
from about 10 nm to about 50 um.

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 CO, snow

20  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 CQ,) 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

25  COx; 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 isopropy!

30 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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width of fromabout 10 nmto about 50 m Silicon surfaces of electrode
assenbl i es J¥QHRYSHBy bl ack silicon may be recovered bpcpalskebissgso Pri or
to polishing, the el ectrode assenbly may be pre- cleaned to renove foreign
materials. Such pre-cleaning may i nclude CO2 snow 20 bl asting, which
involves directing a streamof small flakes of dry ice (e.g., generated by
expanding liquid CO2 to atnospheric pressure through a nozzle, thereby

formng soft flakes. of. C02) at the . surfagce being treated, so that the

fl akes hit smal | p}sr"thﬁlﬁ‘ﬂgﬁ? pr‘fﬁﬁ‘f‘%ﬂﬂ‘%\%{f’ﬂr. C?%ﬁé’??ﬁg@%ﬁésqﬁb@%ar i ze on
the substrat e, ysidd eriRIRG WHRI With aﬁ;&%@ﬂ:ﬁdﬂﬁo\x%sd grhdd MEnBdand pAllsAmg RNt S from
the surface. The contaminants and the 25 gas then typically are passed

t hrough a fi | tedgctrode assemblysurfasto efdesired diish (e.gaB ti-inehes) esing gnotharmhgels | | t er
where the cont@gm g t. LS. [. xanpl e of
& 't t bl e snuisim. Dol 3ol ARl dndEs @RS undify SARETy ol 6

avai | abl e 5 omeMate dint and kieeprihe eledttode(acdentibly Wets tWihenGAgter iPadded, & sturrpol i shi ng,

the el ectrode assenbly y. be cleaned with acetone and/or isopropyl 30
al cohol . For e‘?%)fﬁﬁ%":“efa?%dé‘lt‘ééf}}edﬂ’é‘s}&% hs taRe %""“F&#@P‘s‘%*?ﬁ%&etone for

30 mnutes arﬁiséﬂxtﬂggurrf&e.r TADVIBCtRIE AembRLRAY e flisAEPARH dshg an? VO
2006/ 071552 PCT/ 152003045460 Polishing conprises grinding a surface of

the el ectrode Erge¥@RUP oandS¢rubRESK,sThepodishing praresyraiee thaselepticnnpdopr i at e
(ouannes?, 9 g EDSH el Al el oSS A S L 202, Lo
silicon sulf acslidon spriadesifelet elevthede asserablgnt running water, in order to 5
Sl Urry mmy be gendf SR RAERGOEHESSONPERPAG: tifsHGAn FEor e ogs st bned {1 om
e ool e poRSBARELL R £35S SmgR s ross RSB L o1
t he sel ecti on untidla 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
15 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 polishing can be with, for example, 360, 800, and/or 1350 grit
diamond polishing disks.
During polishing, the electrode assembly is attached to a turntable, with a
20 rotation speed of preferably about 40-160 rpm. A uniform, but not 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
25 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
30 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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sequence of the polishing paper used), depends on the degree of damage of
the 10 silicon surface of the electrode assenbly. If severe pitting or
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Scr ubPADs 30 %rt?le used to renove particles fromthe polishing disks.
Fol I owi ng pollg I'ng,” the electrode assenbly is preferably rinsed with
dei oni zed wat er andTlnd awnrodé yisserhbly, mdlutimg @as aulgtsruad joins of heustirgrioladd
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0 PCT/ 05/ 045460 . ma sur ed usjng, for
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damaging or impacting a graphite backing member of the electrode assembly, as the
graphite surface of a used electrode assembly might have a loose surface structure.
15  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 less than or equal
to 50 psi.
Following polishing, the electrode assembly may be cleaned with a solution
20 of deionized water and isopropyl alcohol, preferably ultrasonic, to remove soluble
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,
25  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
30 metal contaminants may comprise:

0.01-5% NH4F + 5-30% H,0; + 0.01-10% HAc + 0-5% NHsAc + balance UPW.



The el ectrode assenbly is preferably i mersed in deionized water at 80C for
1 hour in order to |loosen particles that may be trapped in gas outlets and
joints in trode assenbly. The el ectrode asse
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ultrasonic cleaning in order to help renove trapped particles. 10 The
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Hydrogen peroxide (H;0O,) is a strong oxidizer, which helps to remove not

15  only organic contaminants, but also metal contaminants. As an oxidant, hydrogen
peroxide can oxidize transition metals to higher chemical 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 acetate (NH4Ac) serve as buffer solutions to maintain

20  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,

25  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

30 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

.-7-



0.01-5% NH4F + 5-30% H202 + 0.01-10% HAc + 0-5% NH4Ac + balance UP W -6 WO
2006/ 071552 PCTI US2005/ 045460 I n anot her enbodi nent, the weakly acidic or
near neutral solution nmay conprise: 0.01-2% NH4F + 10-20% H202 + 0. 01-5%
HAc + 0-5% NH4Ac + bal ance UPW Additives, such as chel ati ng agents,

et hyl enedi anWVRas0i¥ateti c aci d (EDTA), and surfact ant s,Payars2edsgessbe added
to the cleaning solution to enhance the efficiency and 5 chem cal reaction
rate. Hydrolysis of amonium fluoride (NH4AF) in the acidic solution
generates hydrofluoric acid and anmoni um hydroxi de. Hydrofluoric acid hel ps
etch the silicon surface. However, excess hydrofluoric acid is undesirable
in cleaning elastoner bonded silicon_elect.rode assenblies, as hydrofluoric
aci d may causebagingdp oF PP gﬁreasﬁqe(paﬂq%mwgp(an%ﬁp&areﬁ i ded

through sol uti gprhaI2ReReditlely tINBPRith BeibMARS whter BorR¥E&] WRINtheGeidY exi ng
agent that forns stable conpl’'ex netal ions with many transition netals,

such as, for eselntinne Additignally,sxposed glgctrorigassembiynondingguaterial ixpreferabhi um hel ps
i nprove net al l, efflel : i . i ng
oxt di zor | whi RIS VR mailiil BHERRRIOHUER it Kkt BpBpRbGTD |
met al cont afi nalehring With alte azidiclsatitionhydr ogen  peroxi de can oxi di ze transition

metals to higher chenmical states to f.grm.soluble ¢ | exes With ammoni a, as
descri bed above. Fufffitipnal Reasusesdn aﬁ%ﬁ&?&‘%@@&%‘%?%éﬂﬁ}wm n(‘f’glﬁ‘pl exes
W th many met akheltafléin ﬁleidw&\b@naah%ax@h He1RE thshEIRe Klechs®ldséembde after ( HAC) and

ammoni um acetate (NH4Ac) serve as buffer solutions to maintain 20 the pH of
the sol ution a¥ipiegksing eampressebnitragenrgapdlewmfromthebacking nesihes dopsn rfhe ed

wat er (UPW pref. | Sk Vi 8 cm To
further r educeg:l?1 %@%ﬁagﬁ%ﬁloﬁg %&ﬁﬁ&r%l %fé tg)% i%zo?ﬁglfgpﬁgn %lfrgg%'r égglmasserrbl y
is chem call0y aiping, kisdsobytionhereamived from dliadl¢ctmode asserablybyninaing therdlectrade
renoved by contaciing.the silicon surface of the electrode,.assepbly with

t he acidic sol 81F8 ll,y ‘%gl %ﬂ‘@?@dé’fﬂ?? Sﬂf"\f}ﬁra@r Bﬁ?ntﬁga%aﬁ{wg@S%Pﬁd‘g%&?fgﬁayt he

el ectrode asseppkegidubll dchtc SshitinGuring rinsing with deionized water may be further

reduced by rinsing the backing member with deionized water followed by rinsing

the silicon surface with deionized water. With the electrode assembly supported in a
15 fixture with the silicon surface facing downward, the electrode assembly will be
rinsed from the backing member down to the silicon surface, and through gas holes,
if present.
The fixture, sized to the electrode assembly to be cleaned, has a sturdy base
and three or more supporting members that raise the electrode assembly above the
20  working bench 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

25  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
30 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



solution. Accidental contact of the acidic solution with the backing nenber
or bonding area is thus avoided by contacting only the silicon surface of

the el ectros 20866maH2ly With the acidic solution and by i Xxture
that allows the silicon surface of the el ectrode asserrb???}ti)% @élo‘gsﬁ%}ported
facing downward while the silicon 30 surface is cleaned. Wth the silicon
surface of the el ectrode assenbly supported facing dowward, excess acidic
solution applied to the silicon surface can be collected after dripping off
of the silicon surface, as opposed to flowng to the 7 WO 2006/ 071552

PCTI US2005/ 0434sY) sutfaelcleaglimnstiarductivelp Godpled PRsa Makk Bpdeaoiietrg amatysidr and

bonding area are. preferably imediately cleaned ionized water if
contacted wit FUHA REEY “"g?ﬁ ‘GF*}SBW%’X@%T tiagmw=t ﬁvﬁl@?’pgé'@ﬂeg piger ode

assenbl y bond'lﬂéiedi&t(?éﬁt@éon' 'Rcﬁﬁ&&?é@mvﬁm&é@Rfk%c'@)fn&ﬁl‘{cﬂégm ghipyh maski ng
mat eri al and/or chem cal resista e prior to 5 cleaning with the acidic

sol uti on. Addiscanswng cleattonmigroseapy 4§, m,d:mwmement@fmlmktsnlwnmnemwcl dic

sol uti on WI5t h l'r&l’ﬁ?t %hﬂﬂer”ﬁHBﬁ’af et clﬂ&ﬂg n‘%gfess e o? clf'gcovglrexle 9%(% o from

el ectrode assel usSi ng co rogen
t he backi ng nmmtbldmm ;ﬁ'cfelfabk’;‘/ tegsed tbeﬂsmrsmaﬁme&pomeﬂ ﬂbawdegssam}alyr esi dual
surface. /After, 10 .wi ping, the solution is renoved

solution fromt SI|IC
fromthe el ect‘?‘g‘é’ S&%"§B eptahrateiapd eigh WRifMitVect r ode  assenbly with

dei oni zed wat er. SiplG! 24 [(Ra =P84 eRties) shatvtsaa%tsorpéurfabemlagmldgg ofBhewi al by
residual acidic solution during rinsing with deionize ter may be further

r educed by ri redgctrgde assemblykiles- WW\Z%I&MQ%WMP%RSP@ﬂW%d by
rinsing tpe Séh{n‘w%ﬁﬂ:oﬁ %J{%@ﬁ: \%)l]ioho eIr ec‘%bgﬁswﬁ%lybfw?g ksﬁﬁ% ‘%gownwar d.

assenbly suppor In"a wlth e silrcon s aceP aC|
the el ectrode H&se2BGYRai= 9, 9pend 10 niebesf fe@pactlbﬂy)tm&vlsﬁg:oﬁeuiﬂﬁ&e dovvn to the

the ol ectr ode BEEBHBEY O biA clr Betrausenibeatier BOETANE. 4S8 AR AE o mor 6
supporting menhes drhatlicoRisifackAea RhgRiEMAR oA SEEIHRALY ”Prﬁcé‘l’é%n%ﬁ'@assembly
of FIG. 2 has an inner electrode and an outer electrode member, as discussed above.

15  FIGs. 2B and 2E are images taken from the center of the inner electrode, FIGs. 2C
and 2F are images taken from the edge of the inner electrode, and FIGs. 2D and 2G
are images taken from the outer electrode member. FIG. 2 shows that polishing
recovers the silicon surface morphology and roughness of a used electrode assembly
to the state of a new electrode assembly.

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

25  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.

30



20 wor ki ng bench surface, allowi ng the surface of the el ectrode assenbly
facing downward to be cleaned. As illustrated in FIG |A showng a fixture
for supporting an electrode assenbly during cleaning, and FIG 1B, show ng
an enlarged area of FIG 1 A the top of each supporting nenber preferably
has a step 3P WHY¥MSRhe el ectrode assenbly rests and M?ET{UWQV%“H 6§ t he

el ectrode assenbly fromslipping 25 off the supporting nenbers. The
supporting menbers, and base, are preferably coated with and/or nade froma
chemcally resistant material, such as Teflon(r) (polytetrafluoroethylene),
which is chemcally resistant to acids. The el ectrode assenbly is preferably
inspected prior to recovery and after Exap€ry to ensure that the recovered
el ectrode assenbly conforns to Eroduct 30 specifications. |Inspection may

i ncl ude measuring, The follewing mether for plsanipgssiieonglectrodeassprplly syrface st ace

roughness (Rac?%gif%%%ﬂfg%%g% 621'in§t%xﬁtin referably 8 -inches or -8 WO

2006/ 071552 P l'ess), surtace cleanliness (Inductively
Coupl ed Pl asna MassS&keohmerse) thy elacteddg ssseinply is an iliragompatank dilled withat as

TEeUr o0 Y T ShGAAok or e o R TR e B e 0

el ectron m cr oseewyde(asfeMbly fordd nilmass bt esop{en@erabirél CH nstdssaPighily scratnd 5 et ch
depths. Further, plasma etch chanber perfornmance of the recovered el ectrode

assenbl i es ar etisrsicon ayfases eithe glestpde asssmblyr st 2 Himalreeakipg & EHO¥P &%t r ode
assenmbly  exhi Pés‘cﬁxe..aﬁ&ﬁm@t% @%e@ﬁ'&ﬁ asé lylaﬂ&n %eﬁ%ldﬁ'&hfo? B&bhiYed Whttt andA (Ra =

16 -inches) shows silicon surface norphdl ogy of a new electrode assenbly,
FI Gs. 2B- D ( Raisoppgl aldohol. Rinst theelectiade lasssmblydfopatdedst Byemimuees sisiogulbitat i con

surface nor,phol ogy, of . a,used ectro assenml efore | i shi,ng., and FIGs.
S o (ra 218 gi¥hshizda HARE  Flo§ 4GBy BEtes el R PR A L Fira R
mor phol ogy of aithseschaekiagisidedad afpestdby thrfsilizon pidt.| Hlet@sary;Irepeat hé- G show SEM

i mges of a siljcon surface at a magnification of 100 tines. The el ectrode
assenbly of FRRQVESO FROVS qny Fmainipg Beiblededduend an outer el ectrode menber, as

di scussed above. Place the electrode assembly on a fixture with the silicon surface facing

downward. Air dry the electrode assembly using filtered nitrogen gas. Wet a

15  polyester cleanroom wipe with a solution of 0.01-2% NH4F, 10-20% H,0,, 0.01-5%
HAc, optionally 0-5% NH;Ac, and balance UPW and wipe the electrode assembly
silicon surface. Replace the wetted polyester cleanroom wipe as necessary, until
there is no visible residue on the wipe. If there is any visible residue on the wipe,
repeat the wiping until there is no visible residue on the wipe. Use a clean, dry

20  cleanroom wipe to gently wipe off residual solution from the silicon surface.

Rinse the electrode assembly, including the gas holes, with deionized water
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

25  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. Turn 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

30 temperature.

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

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

-10 -



15 FIGs. 2B and 2E are images taken fromthe center of the inner electrode,
FIGs. 2C and 2F are i mges taken fromthe edge of the inner electrode, and
FIGs. 2D a %ﬁ; ;ﬁ i mges taken fromthe outer electrode nenber. FIG
shows that P3P 82 recovers the silicon surface mor pHSTERP%EAE4bughness
of a used electrode assenbly to the state of a new el ectrode assenbly. 20
FIGs. 3 and 4 show exenpl ary used el ectrode assenblies that have not been
cl eaned and FIG 5 shows an exenplary recovered el ectrode assenbly. FIG 6A
shows discoloration of the silicon surface of an inner electrode assenbly
that can resughinfif @i seifpdegsidiid, vatn mafkispind/cs @hsiidlesblackagEIsGoaid. shows

di scoloration of the silicon surface of an outer el ectrode assenbly nenber
that can resulfartiqlesmay s rgoyed R es e @as BleR vne filigressnitrogeny Ry > 150

-inches) and 7B (Raykil M iou &ﬁ@&ﬁﬁxﬁx}tﬁgﬁ)é’%e&%@%&'i&wi(t%%h &&Etﬁ@&’@nat< o

assenbl i es before recovery, while 7C and 7D (both having Ra

i t-inches) shoswrietiansphdmpdificationsanhy begsesortbd tocs willbe mpparerdyethpse skilleds. 7A and
7C show outer .el.ectraqde, nembers il.e FlGs, and .zD show.i nner .

ot rodes > 3% 18 i SEn TR phE s hhdiBedistims el nsiEed St B Bhmiovou ng
met hod for cl eadisépeif tHeMime bfsehi@ierassenbly surfaces is provided to be
illustrative, but not limting. Soak (imerse) the el ectrode assenbly in an
ultrasonic tank filled with a 5 50/50 solution of deionized water and

i sopropyl alcohol. Utrasonically clean the electrode assenbly for 30

m nutes at roomtenperature. |If necessary, lightly scrub the silicon
surfaces of the electrode assenbly with a lint-free wi pe to renove any

resi due. Renove the el ectrode assenbly fromthe solution of deionized water
and isopropyl alcohol. Rinse the electrode assenbly for at |east five

m nutes using ultra 10 pure deioni zed water. Flow water through the gas

hol es from both si des, begi nning

-11-



wi th the backing side and followed by the silicon side. If necessary, repeat
the above to renove any remaining visible residue. Place 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 15 pol yester cleanroom
W pe wi Chinms:sol uti on of 0.01-2% NH4F, 10-20% H202, 0.01-5% HAc, optionally
0- 5% NH4Ac, and bal ance UPWand w pe the el ectrode assenbly silicon
surface. Replace the wetted pol yester cleanroom w pe as necessary, until
there i B Aeethos bhdl@ningaiuddirel@foddWsetibBecompfisihf) € pRsthBe:pedéilRbbdupfatesi due on
the wipe, repeat the wiping until there is no visible residue on the w pe.
Use a cTP8RASMgry 20 cl eanroom wi pe to gently wipe off residual solution from
the silicon surface. Rinse the el ectrode assenbly, including the gas hol es,
wi th dei oni z&gdWaihe sificdh s@fack KRRk sbllich IFiddhopy alcoRdtind ddTRIAGatei-Ne

el ectrode assenbly in ultra-pure deionized water and ultrasonic clean in
ultra-pure deionized water for 30 mnutes. R nse the el ectrode assenbly,

i ncl udi ng t he@ngeatingtihd eliconwirfive sith emaddid solttoprcomprisiegz 25 | east five m nutes.
Air dry the electrode assenbly, including gas holes, using filtered

ni trogen gas. Pl a‘fﬁ %Ope el ectrﬁde. assenbly in an unheated oven and heat the
oven a rate |ess IREN°PHEOHIRAEEE 120C " Heat the el ectrode assenbly at
120C for two hours. Turn off the oven and allow it to cool. After the oven
has cooled to bed oy, GDdrogddlRfRidENe el ectrode assenbly in a clean, dry area
to cool to room 30 tenperature. Inspect the el ectrode assenbly for any
surface residue, water marks, gas hol es bl ockage, and/or bonding materi al
damage. C ean t hel.@l-&¥pperticacidsenbly -10 WO 2006/ 071552 PCT/ US2005/ 045460
again if any surface residue, water marks, and/or gas hol es bl ockage is

found. Particles na 8 .emoved. from surfaces and/ or gas hol es using
filtered ni trogen(?pt'ﬁ\*il Z)'{/g??lglﬁgm@r?ﬁ?r)%tf’r?ﬂﬂts have been described, it is to
be understood that variations and nodifications may be resorted to as wll
be apparent to th@sficsédiddiRd water; and

contacting the silicon surface with deionized water;

wherein contaminants are removed from the silicon surface.

2. The method of Claim 1, wherein contacting with the solution of isopropyl alcohol and deionized water

comprises immersing the electrode assembly in a solution of isopropy! alcohol and deionized water.

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

deionized water to ensure that all of the electrode assembly is cleaned.

12



51in the art. Such variations and nodifications are to be considered within
the purview and scope of the clains appended hereto. -11 Cains: 1. A

nmet hod of cl eaning a used el ectrode assenbly conprising a plasm-exposed
silicon surface conprising: contacting the silicon surface with a solution
of | sopT.ofglmettiod@ii Qlaiandwhketin Bonteng\ehe siticon suffideadthl an@citizaoktibr @aiprisddr f ace
with an acidic solution conprising: 0.01-5% anmoni um fluoride; 5-30%

hydr ogewippgtiediliben surficOditd Vacidiesdl@ioaci d; optional | y 0-5% amoni um acet at e;
and bal ance deionized water; and contacting the silicon surface with

dei oni zed water; wherein contam nants are renoved fromthe silicon surface.
2. The gretheqsbtRfd o€CimN LurthdMBifrishLititeaatelyt@niakiing alaskiSOIbte bPBbn@igi SOPT opyl
al cohol and deioni zed water conprises imersing the el ectrode assenbly in a
sol ut i oRatefial bBMPERAMde AdsEANY itk dioRieddPAiGaonRE®d with the lBRic®BRASH of Caim 2,
wherein contacting with the solution of isopropyl alcohol and deionized

wat er conprises ultrasonic cleaning. 4. The nethod of Aaiml , further
conpri Sg r e N . f acd .40 i O

cont act manegy AL Chln s\l GBI 8 o AL UMBEE B Rl s g

conpri sj 1 L NGt i} i M- acidic
sol ut 1 e Pt B forfiet ShlzP KR RBF s Mt 3 Bof SPRE bl i 721 105
of Claim4, further conprising rotating the el ectrode assenbly during the

cont act | W t i,anized water.  to ensure that all of the el ectrode
Cotenn) I el SRS et Shrat R a B Er 4 omBiss AN RBRTELE CRET
silicon surface with an acidic solution conprises wping the silicon

sur f ace®Simaly Weiopized Watehy| yt i on.

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



8. The method of Caim1l, further conprising i mediately contacting a
backi ng plate or bonding material of the el ectrode assenbly with deioni zed
water if contacted with the acidic solution. 9. The nethod of C aim 8,
wherein contacting the silicon surface with dei onized water conprises

ri nsi ngé6. Themethakofigaipl It whewkin thedeluton afésbpwapy kericohall andvieidnibed watersénmyed he
silicon surface with deionized water. 10. The nmethod of Caim9, wherein
cont actsblable wietahcaheinominsasdlevied fom dergooupsessistingref siing shits pethstnr atle andassenbl y
in deionized water. 11. The nmethod of C aim 10, wherein contacting with

dei oni zendbinations theenfites ée electrodeasseinblycl eani ng. 12. The nethod of Caiml
wherein the acidic solution further conprises one or nore additives sel ected
fromthe group consisting of chelating agents, surfactants, and conbi nati ons
t her eof17. TBe mdthed sedIigd 40Whértiaithe abidicWoRIEiSH Rl iRGIubieGneidl lcbrithinarftielebed
conpri ses ethyl enedi am netetraacetic acid. 14. The method of Caim1l

wher ei HrdnlBe £R0BH SoRsB@IB OF cALBMSAlctE! RPpdr bAMR, I8 0LiHe UiRant) B oibi@ti&is tHRRly Mer
cont ani nants, soluble netal contaminants, insoluble metal contaninants, and
conblnqahpmge@aﬁﬁgg£mn@§ The net hod of Cla|n114 wherein the sol ution of

i sopropyl al cohol and dei oni zed water renoves polyner contam nants fromthe
el ectrode assenbly. 13 16. The nethod of C aim 14, wherein the solution of

i sopropyl ] ts
ol oot aff AR ool WRBIeG e dBlnBle LIPS 0 il BRIA HEAR TR,
conbi nati ons thereof fromthe el ectrode assenbly 17. The nethod of Claim

14, whereip th cl olutiaq nove

sel ect 33 'TF? afefd o Sl TR es Peruiimer ol s SERbEEEM de. 21 nc
oxi de, tani a, and conbi nations thereof fromthe electrode assenbly. 18.
The nefﬁ&ﬁwﬁf Claim 1, wherein the el ectrode assenbly is a shower head

el ectrode having gas outlets. 19. The nethod of Claim1l, wherein the
silicon surface is el astoner bonded to a graphlte backi ng  nenber. 20. The
met hod 28f Ths ®ethed of Claifel% Wherein dheggranhite baskiBg glember cenidine MoEMHEAPE nount i ng
hol es. 21. The nethod of Claiml , wherein el ectrode assenbly conprises an

i nner el ectrode surrounded by an outer el ectrode nenber.
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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22. The nmethod of Claim2l1 , wherein the outer el ectrode nenber is conprised
of silicon segnents arranged in an annular configuration. 23. The nethod of
Claim 1, wherein the acidic solution conprises: 0.01-2% anmoni um fl uori de;
10- 20% hydr ogen peroxide; 0.0 1-5% acetic acid; optionally 0-5% amobni um

acet at e4. BithdliddTCmida] @ndréia hewdictr surfaddis diftgle ERGaNmeé iRebn0f Claim 1, wherein
the silicon surface is single crystalline si?icon. 25. An el ectrode

assenbly cleaned according to the nethod of Caim1l. 26. An acidic solution

consi sbi Ny Bkstrode stémlﬁy/%@m@bdémn{é t Hel hiBhod P CBRAY0I NYdr ogen per oxi de;
0.01-10% acetic acid optionally a chelating agent; optionally a

surfactant; optlonally 0- 5% amoni um acetate; and bal ance dei oni zed wat er,

wher ei g, t | UL j, - s effective to renove contam nants from a
pIasnaagxgggggbgh&xﬁggﬁﬁﬁﬁngce of a used el ectrode assenbly. 27. The acidic

sol ution of Clalgbggdcoqglstl 0. 01- 2% amoni um fl uori de; 10-20%
hydr ogen perOX|de ° BITSvE R e |c acid; optionally a chel ating agent;
optionally a surf % & df |oqglly 0- 5% amoni um acet ate; and bal ance
dei oni zed water . § “hydioga peroxide

0.01-10% acetic acid;

optionally a chelating agent;

optionally a surfactant;

optionally 0-5% ammonium acetate; and

balance deionized water,

wherein the acidic solution is effective to remove contaminants from a plasma-exposed

silicon surface of a used electrode assembly.

27. The acidic solution of Claim 26 consisting of:
0.01-2% ammonium fluoride;
10-20% hydrogen peroxide;
0.01-5% acetic acid;
optionally a chelating agent;
optionally a surfactant;
optionally 0-5% ammonium acetate; and

balance deionized water.
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