CLEANI NG OF BONDED SI LI CON ELECTRODES Sunmmary [0001] Provided is a
met hod of cl eaning a bonded el ectrode assenbly of a plasma processing
chanber, the assenbly conprising a silicon nenber having a plasma- 5
exposed silicon surface, a backing nenber, and a bondi ng materi al
between the silicon surface and the backi ng nenber. Gas hol es extend
t hrough t he backi ng nenber and silicon nmenber. The nmethod conpri ses
contacting the silicon surface wwth a cleaning solution. The cl eaning
solution is prevented gpﬂg&qg' RS ﬁkgq r bondi ng
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more rollers that only contact the silicon surface; pressurizing the backing member

while applying the cleaning solution to the silicon surface; applying a volume of the
cleaning solution to the silicon surface such that the cleaning solution evaporates
before capillary action draws the cleaning solution into gas holes in the silicon

15 surface and in contact with the bonding material and/or backing member; applying
corrosion inhibitor to the backing member and/or bonding material; and

combinations thereof.

Brief Description of the Drawing Figure

20 [0002] FIG. 1 shows an embodiment of applying a cleaning solution to a silicon
surface of an electrode assembly using rollers that do not contact a backing member
or bonding material of the electrode assembly.

[0003] FIG. 2 shows an embodiment of pressurizing a backing member of an
electrode assembly during application of a cleaning solution to a silicon surface of

25  the electrode assembly.

Detailed Description

[0004] Used silicon electrode assemblies exhibit etch rate drop and etch
uniformity drift after a large number of RF hours (time in hours during which radio

30  frequency power is used to generate the plasma) are run using the electrode



[ 0004] Used silicon el ectrode assenblies exhibit etch rate drop and
etch uniformty drift after a |large nunber of RF hours (tine in hours
during which radio 30 frequency power is used to generate the plasm)
are run using the electrode assenblies, in part possibly due to the
formati on of black silicon. "Black silicon" can formon a

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

m cr o- masked by contam nants deposited on the surface during plasm
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surface region(s) results in the formation of closely-spaced, needle-like or rod-like
25  features on the surface. These features can prevent light from reflecting from the

modified regions of the silicon surface, which causes those regions to have a black

appearance. The needle-like micro features are closely spaced and can typically

have a length of from about 10 nm (0.01 pm) to about 50,000 nm (50 pm) (and in

some instances can have a length as high as about 1 mm or even greater), and can
30 typically have a width of from about 10 nm to about 50 pm.

[0006] Process window etch rate and etch uniformity can be restored to acceptable

levels by cleaning the silicon surfaces of electrode assemblies. In order to avoid

.



damagi ng the backi ng nenber and/or bonding material of the el ectrode
assenbly, described bel ow, the backing nenber and/or bonding materi al
is preferably not contacted with the cleaning solution. [0007]
Dielectric etch systens (e.g., Lam 2300 Exel an(r), Lam Exelan(r) HPT,
and 5 Lam 2300 Exel an(r) FLexTM nmay contain silicon showerhead

el ectrode assenblies containing gas outlets. As disclosed in comonly
owned U. S. Patent No. 6,376,385, which is incorporated herein by
reference in j i .
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Similar to the inner electrode, the outer electrode member is preferably provided
with a backing member, e.g., the outer ring may comprise an electrically grounded
25  ring to which the outer electrode member may be elastomer bonded. The backing
member of the inner electrode and/or outer electrode member may have mounting
holes for mounting in a capacitively coupled plasma processing tool. Both the inner
electrode and outer electrode member are preferably comprised of single crystal
silicon, in order to minimize electrode assembly contaminants. The outer electrode
30  member may be comprised of a number of segments (e.g., six segments) of single

crystal silicon, arranged in an annular configuration, each of the segments being



hydrofluoric acid, to dissolve inpurities. In particular, comonly
owned U.S. Patent Application Publication Nos. 2006/ 0138081 Al,
2006/ 0141787 A, and 2006/ 0141802 Al, which are incorporated herein
by reference in their entirety, disclose acidic cleaning solutions
for cleaning the silicon surfaces of el ectrode 1l0assenblies. [0010]
The cl eaning solution is prevented from danmagi ng the backi ng nenber
and/ or bonding material by: applying the cleaning solution to the
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[0012] In_anot her enbodi ne as .shown.in EIG...2, t backj,ng . menber
50 rmy b5 pr QRRNEFCANTS LS PGS PR P G SHCPiRriRiecth [T GBI utt on
10 to the silkicaRiRgSslafiaf&vagbratdsbefRdd édptibrPhotiodl ASawithe Slearihig S31@Hbr AR
backi ng nmenber 80 and silicon surface 20 of the el ectrode assenbly,
are pressuri gaghelesipilye ahgsn sugfescornddr cerfect with the bonding material and/or

backing member; applying corrosion inhibitor to the backing member and/or
bonding material; and (g) combinations thereof.

20  {0011] Inone embodiment, as shown in FIG. 1, when applying the cleaning
solution 10 to the silicon surface 20 of the electrode assembly using rollers 30, 40,
50, 60, 70 that do not contact the backing member 80, or bonding material 90, the
electrode assembly is preferably oriented with the silicon surface 20 facing
downward during application of the cleaning solution 10 to the silicon surface 20

25 using the rollers 30, 40, 50, 60, 70, which contact the silicon surface 20, with the
silicon surface 20 supported above an upper surface of the cleaning solution 10 on
the rollers 30, 40, 50, 60, 70 and an opposing side of the rollers 30, 40, 50, 60, 70
contacting, or partially submersed in, the cleaning solution 10. The rollers are
preferably coated with and/or made from a chemically resistant material, such as

30  Teflon® (polytetrafluoroethylene) and/or polyvinyl alcohol, which are chemicaily

resistant to acids.



5cl eaning solution 10 to the silicon surface 20. More specifically,
the nethod may include supporting the assenbly in a fixture
conprising a cover that has a gas inlet; sealing the cover on the
assenbly to provide an airtight region above a backsi de of the
backi ng nmenber and bel ow a bottom of the cover; and providing gas to
the airtight region through the gas inlet to pressurize gas holes in
t he backi ng menber 10during application of the cleaning solution to
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[0014] 1 0% Furnh PSR En eSTinbSLiitRle sl SR IR <ol ut § on

applied to t h@m%p | IaRMya8 HbTeREBthe BAKIRY BGherBY avd peftgablyBitsdieizEd b9 4 ed,
such that the volunme of 25cleaning solution (e.g., isopropyl alcohol,

ethyl al coholgs swures W8rwishsir ansl/er mspgeantoy exaspnle.édia persse osahont bl 0
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and the intellLfrode assembly, to prevent any cleaning solution from being drawn into the gas
holes in the silicon surface. Preferably, the cleaning solution 10 is applied to the
20  silicon surface 20 by wiping, for example, using a wipe wetted with the cleaning
solution, as opposed to allowing the silicon surface 20 of the electrode assembly to
soak or rest in the cleaning solution 10.
[0014] In a further embodiment, the amount of cleaning solution applied to the
silicon surface, preferably by wiping, may be limited, such that the volume of
25  cleaning solution (e.g., isopropyl alcohol, ethyl alcohol, or other suitable solvent)
applied to the silicon surface evaporates before capillary action may draw the
cleaning solution into gas holes in the silicon surface. For example, a wipe wetted
with a limited amount of cleaning solution may be wiped on the silicon surface.
[6015) In yet another embodiment, corrosion inhibitor may be applied to the
30  backing member and/or bonding material. For example, the corrosion inhibitor
preferably bonds to the backing plate (e.g., aluminum backing plate) and prevents

cleaning solution from reacting with the surface of the backing plate and the interior
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:0f gas holes in the backing plate. The corrosion inhibitor is

preferably selected fromthe group consisting of vanillin,
anoxicillin, pentyloxicillin, dicyandiam de, and m xtures thereof
[ 0016] Al um num wei ght | oss tests were conducted with vanillin.

First, a 0.2996 5 g al um num coupon sanple was inmersed in a solution
of 85 nL H20 and 15 nL 37% HC1 for one hour, blown dry, and then
wei ghed. After soaking, the al um num coupon sanple wei ghed 0.0621 g,
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(pol ytetrafl uoroethylene), which is chemcally resistant to acids.

[0018] Wth splatien béiegappligd faibe sdicop perfaskect r ode assenbl y support ed
facing 30 d g . Srectr ; . por
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cleanod a0t nbep b ERcE AP PP Brhf by he g Rt RN Slte or e

electrode assembly with the cleaning 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. The fixture, sized to the electrode assembly to be
cleaned, has a sturdy base and three or more supporting members that raise the

25  electrode assembly above the working bench surface, allowing the surface of the
electrode assembly facing downward to be cleaned. 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.
[0018] With the silicon surface of the electrode assembly supported facing

30 downward, excess cleaning solution applied to the silicon surface can be collected
after dripping off of the silicon surface, as opposed to flowing to the backing

member or bonding material. The backing member and bonding material are
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sokution. Additionally, exposed el ectrode assenbly bonding materi al
may be protected by covering with masking material and/or chem cal
resistant tape prior to cleaning with the cleaning solution. 5[0019]
Addi ti onal nmeasures to conpensate for accidental contact of the

cl eaning solution with the backing nenber or bonding material include
rinsing the el ectrode assenbly with deionized water, ultrasonically
cl eaning wi th deionized water, and drying the el ectrode assenbly.

Wth the el ect r [
e o oo SRR SRR B A Bl L3

rinsed with delutnﬁn z addinahly, f:xpma&dehatﬂmae hssagbljﬂjﬂnémgdlmnaﬂ mayhne

silicon surface. present, ol es ar preferably rinsed

wi th dei oni zé’d"tﬁﬁF‘LPy CYRTIRH With s E‘ ‘Eﬁfi%f’%@e Caf Wé‘sﬁéfctﬁp?lﬁmr to

menber and e&qéaﬁm%h,ﬁﬂgﬁ§cié%ﬁgscﬂﬁndnhe silicon surface of the

el ectrode assenbly, with the el ectrode assenbly supported in a

fixture wdth [0HE] S|$dd;mnabwasaﬁé ¢ eemprysde fprsaridentd contagh afyhe ¢lpaming he
| ectrod
e ng oy B0k HIREK Kl el oL AL i 0 e

faci ng down efera u3|n
conpressed, fastetnbiyevith ldeuomgedlwgas; ulttﬁsom/nalf}r demaiﬂgewhiadehomgedmﬂbe ancbl own

L e o SBRY a0 bt LSRN iR RS 2l SReBhEL e o

enter the gasyiliohesiiiaén suRRichd aritgigwBERE thedléttrodt bssthiblydaprehbigg at
the silicon surface of the electrode 20 assenbly, with_the el ectrode

assenbl y 1Quppipsedbyith deigniged watepirom ke ‘?ﬁ}’flélr@.m%bﬁﬁ dgyyp foythe stligen sy face.

downward. Fi ﬁf{:ﬂeyem thenakestLrd %@é«ﬁﬁ&%&d Rik H@it)ﬁi&@cmv){tep\@ﬁ'cl-péﬂfﬁg
prior to final inspection and packagi n The el ect’r ode

asseMbly is phegashalss gt ﬁhnbp@@mgmelab@r@mg@mémbmgs hadeseat sherseliqonsurfageeo!
| d el
cl eaned el ecty o %%uﬂo@? S%Qﬂnﬁgcmh?ﬁé‘éﬁe@%dg é’s‘éhﬁ%fy &B@&ed'lﬁ%xﬂﬂf w_l%l the

| nspecti on may asurion i nensi ons
t hi ckness), surcbﬁeﬁferce tﬁ;g:lir@diﬁvr(vﬁad &nglarly,lﬁltli«hemd)dmsdmssémlsly supported

pr ef er abl -i_nches €SS ur | eanl i n uct

Coupl ed P as 2 (gle Eélier%’ﬁfé‘%‘rsf}rsf%’? fSres g‘ﬁwn‘g‘i‘ﬂi’f Egleé) |aé?eén i%i/fnt as
measured by, ph&feraBaiiel @sin c%c&b&ﬁe@%lf@@@nlﬁaFéd gtalseolaeﬁ%hpthe bRamiggon
Technol ogi es, Livernore, ), surface_ norpho by scannl n

el ectron 30 mntssdeywy q bemlipon aﬁ&cmﬁwwﬁtems eswr%w piefaradndped s
and etch deptu%gogféabgeggg ng?éréémog&@gas%ﬁﬂ%rgapsrowmﬂfeﬁh@ gab BGles at

recovered el ect I es
the backing member and exit the gas holes at the silicon surface of the electrode

20  assembly, with the electrode assembly supported in a fixture with the silicon surface
facing downward. Finally, the electrode assembly is preferably oven baked prior to
final inspection and packaging.

[0020] The electrode assembly is preferably inspected after cleaning to ensure that
the cleaned electrode assembly conforms to product specifications. Inspection may

25  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 QII®+ Surface Particle Detector (Pentagon
Technologies, Livermore, CA), surface morphology {e.g., by scanning clectron

30  microscopy (SEM)), and measurement of black silicon pits and eich depths. Further,

plasma etch chamber performance of the recovered electrode assemblies are



preferably tested to ensure that the recovered el ectrode assenbly
exhi bits acceptable etch rate and etch uniformty. [0021] Wile the
present specification has made specific reference to el astoner bonded
pl asma processi ng chanber conponents, and nore specifically, to an 5
el ast omer bonded el ectrode assenbly, the presently disclosed nethods
are generally applicable to any conponent (e.g., an electrostatic
chuck) containing surfaces to be cleaned with a solution (e.g., an
acidic solutio ' 0 fac
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cl eani ng a bonded electrode assenbl y of | asma processi ng chanber,
t he assendl y elpsioprer bprrigd glosirpdecasperitiihe pwsmtlmglm& Pch@ﬁ’@odwpaér&na"y

silicon surf QF,\[{ he
5 silicon su%@g%gﬁgﬁggg%ggggﬁklneg %H@g?wgﬁ IQQ%E{ %\ eégﬁgP%nd
t hrough t he kikekedgithestletiomteg. ,sarﬂacﬁinmsommdnaeto w]nhh oﬁet hramls aenprdes bfig:

(a) contacti the silicon sgrface with a cleaning solution; and
(b) preventi E%TWOEFI&?H? 35 ¥¢uti on from damagi ng the backi ng nember

and/ or bondi ngo2zRt eWhaé vAribud efBbdig@ns dhactced dbdcabed, s @ Beighderstood that

consisting of: 10(i) applying the cleanlng solutjon to the silican

surface UBi ngagfiongand modifications may be resorted to as will be apparent to those skilled
in the art. Such variations and modifications are to be considered within the purview

and scope of the claims appended hereto.



nore rol kers that only contact the silicon surface; (i)
pressuri zing the backing nenber while applying the cleaning solution
to the silicon surface; (ii1) applying a volune of the
cl eaning solution to the silicon surface 15 such that the cleaning
sol uti on evaporates before capillary action draws the cl eaning
solution into gas holes in the silicon surface and in contact with
the bondi ng materi al and/or backi ng nenber; (iv)
appl yi ng corrgsj dgnhibitor to the backing menber and/or bondi ng
mat eri al ; an&iﬂﬁ%g'conbinations thereof. 2. The nmethod of Claiml1,
wherei n the backi rlg rrembmr:thed)nfwlbaﬁsg aborriied dievirdtzdhssdneblyref opldsmd
Claim1, wherein the back | ses

ne raphite. . 4. Th
Tethot of |G RRORMEHBREER B BOTHPHOPRES? P UFOrBRgP daging plastia- ||

el astomer bo '?:chﬂﬁd BR8N hidface, Abacking mentber, Ei€a B&ﬁ(ﬁ@éjm@feng WHWeeh the
wherein the bonding material conprirses silicon polyner and al um num

al | oy powder sflicpn syrface @nd He beekipg megbeng; wherein \Wel?(é?&mtwé thougthihgg
sol ution Comﬁ%ﬁﬁg m@hber and silicon member, the method comprising:

(a) contacting the silicon surface with a cleaning solution; and
(b) preventing the cleaning solution from damaging the backing member
and/or bonding material by a method selected from the group consisting of:
10 (i) applying the cleaning solution to the silicon surface using one or
more rollers that only contact the silicon surface;
(ii) pressurizing the backing member while applying the cleaning
solution to the silicon surface;
(iii) applying a volume of the cleaning solution to the silicon surface
15  such that the cleaning solution evaporates before capillary action draws the cleaning
solution into gas holes in the silicon surface and in contact with the bonding material
and/or backing member;
(iv) applying corrosion inhibitor to the backing member and/or

bonding material;, and

20 (v) combinations thereof.
2. The method of Claim 1, wherein the backing member comprises
aluminum.
25 3. The method of Claim 1, wherein the backing member comprises
graphite.
4. The method of Claim 1, wherein the bonding material comprises an

elastomer bonding material.
30
5. The method of Claim 1, wherein the bonding material comprises

silicon polymer and aluminum alloy powder filler.
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acidic solution. 57.The nethod of Claim1, wherein the cleaning

sol ution conprises hydrofluoric acid. 8. The method of Caim
1, wherein the assenbly is oriented with the silicon surface facing
downward during application of the cleaning solution to the 10silicon
surface. . 9. The nmethod of Caim8, wherein the cleaning
solution is applied to the silicon surface using two or nore rollers
that contact the silicon surface. 1510. The nethod of Caim9, wherein
the silicon surface is supported above an upper surface of the

cl eaning solution on the rollers and part of the rollers is i mersed
in the cl eaning sdl uti @he method of Claim 1, Wherelihthe wketniog solutiGh edmprises an
wherein the roJlers are coated with and/or 20 nmade from

pol yt et r af | udF9SINHYRe and/ or pol yvi nyl al cohol . 12. The
met hod of Claim 8, further conprising: supporting the assenbly
in a fixture conprising a cover, wherein the cover conprises a, gas
inlet; 258ealing fhe c%\he megiedtoh £1aiBKsle yiierein the slegying 80 HHORFPTiEE

regi on above g hacksidejof the backing nmenber and bel ow a bottom of
the cover; and providing gas to the airtight region through the gas
inlet to pressurize the backing nenber during application of the

cleaning solution_to t si l.i ¢o urface. 3013. The t hod 0 i m
T2 wherein the ghs i s (Derisiea st I e ols chelChngmEs v
ni trogen, andiligbxbwRe fidig ®&W¥nward during application of the cleaning solution to the

10  silicon surface.

9. The method of Claim 8, wherein the cleaning solution is applied to

the silicon surface using two or more rollers that contact the silicon surface.

15 10.  The method of Claim 9, wherein the silicon surface is supported
above an upper surface of the cleaning solution on the rollers and part of the rollers

is immersed in the cleaning solution.

11. The method of Claim 10, wherein the rollers are coated with and/or

20  made from polytetrafluoroethylene and/or polyvinyl alcohol.

12. The method of Claim 8, further comprising:
supporting the assembly in a fixture comprising a cover, wherein the cover
comprises a gas inlet;
25 sealing the cover on the assembly to provide an airtight region above a
backside of the backing member and below a bottom of the cover; and
providing gas to the airtight region through the gas inlet to pressurize the

backing member during application of the cleaning solution to the silicon surface.

30 13. The method of Claim 12, wherein the gas is selected from the group

consisting of air, nitrogen, and mixtures thereof.

-10 -



14. The nethod ef Claim 12, wherein sufficient pressure is applied to
counteract capillary action that may draw the cleaning solution into
gas holes in the silicon surface. 515. The nethod of C aim 12, wherein
a steady streamof gas is blown through gas holes in the el ectrode

assenbl y. 16. The method of C aim 15, wherein about 1-10 CFM
of gas is applied to the backing nenber. 10 17. The met hod of
Claim8, wherein applying a volune of the cleaning solution to the

silicon surface sygh that the cleani sol uti on-evaporat es. bef.
capillary action Hrﬁaws ﬁg‘e?foélé)rfl?ﬁﬂmsn%l’ W?‘Frt?ﬁ" ﬁ“ﬁ@%ergg’gersﬁgf’éssa%lphg{ ﬁ’e
silicon surfaggntamer dapilleONdctioh (it tay dhey herbafig BELE6H Rito g43diolds in the
backi ng nmenber_ conprises w ping the 15silicon surface wwth a w pe
wetted with tSHEOBFE&SENg sol uti on. 18. The nethod of Claim1,
wherein the corrosion inhibitor is applied to the backi ng nenber
and/ or bonding material before the cleaning solution is applied to
the silicén surfadé. 20hemethod of Claiphi?, wlieisbrk Headgistipam 08 gasiip blosinn

t he backi ng q%@ﬁ@ga%%@q@ié%%e?ﬁ'cﬂ%@%@%@@? t he corrosion inhibitor
sron~of a 0T

inhibits corr um num The net hod of C ai m 18,
wherein the corrosion inhibitor is selected 25fromthe .group

consi sting of vanill in. atugl ol ASBAREM! | 1Bosft Y% 3
to the backing member.
10
17.  The method of Claim 8, wherein applying a volume of the cleaning
solution to the silicon surface such that the cleaning solution evaporates before
capillary action draws the cleaning solution into gas holes in the silicon surface and

in contact with the bonding material and/or backing member comprises wiping the

15  silicon surface with a wipe wetted with the cleaning solution.

18.  The method of Claim 1, wherein the corrosion inhibitor is applied to
the backing member and/or bonding material before the cleaning solution is applied
to the silicon surface.

20
19.  The method of Claim 18, wherein the backing member comprises

aluminum and the corrosion inhibitor inhibits corrosion of aluminum
20. The method of Claim 18, wherein the corrosion inhibitor is selected

25  from the group consisting of vanillin, amoxicillin, pentyloxicillin, dicyandiamide,

and mixtures thereof,
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