METHODOLOGY FOR CLEANI NG OF SURFACE METAL CONTAM NATI ON FROM AN UPPER
ELECTRODE USED IN A PLASVA CHAMBER [ 0001] This application clains priority
under 35 Wo0S0G/084k9 to U. S. Provisional 5 Application NeCTAbL@88008Y
entitled METHODOLOGY FOR CLEANI NG OF SURFACE METAL CONTAM NATI ON FROM AN
UPPER ELECTRODE USED IN A PLASVMA CHAMBER, fil ed Decenber 18, 2009, the
entire content of which is hereby incorporated by reference. 10Background
[ 0002] In capacitively coupled plasnma (CCP) chanbers, integrated circuits
are formed froma wafer or substrate over which are formed patterned
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sectional view of a fixture for cleaning an 5 upper electrode In accordance
wi t h anot hetayershduithegprocessing of the substrate, plasma is generated between upper and

lower electrodes and often employed to deposit films on the substrate or to etch

15 intended portions Qf the films. The chambers exhibit etch rate drop and etch
uniformity drift after a large number of radio frequency (RF) houfs are ﬁn usmg the
electrodes. The decline of etch performance results from changes in the morphology
of the silicon surface of the electrodes as well as contamination of plasm:cl exposed
surfaces of the electrodes. Thus, there is a need for a systematic and effective

20 | methodology to clean the electrodes and reduce surface roughness so that the

electrodes meet surface contamination specifications and manufacturing yields are
enhanced.

Summary
25 [0003] A method for cleaning metallic contaminants from an upper electrode used
in a plasma chamber, includes soaking the entire upper electrode in a cleaning
solution consisting of afnmonium hydroxide, hydrogen peroxide and water,
preferably a concentrated ammonium hydroxide water solution of 28-30 weight% on
NHj basis, hydrogen peroxide water solution of 29-31 weight% and water at a

30 volurhe ratio from 1-2:1-2:2 to 1-2:1-2:20.



[ 0006] Fig. 3A shows a perspective view of the fixture in Fig. 2. [0007]
Fig. 3B shows an enlarged cross sectional view of region Bin Fig. 3A

Det ai | ed We=eori/qstizoan 10 [ 0008] An exenpl ary CCP chanber pomyuszeoloosde2 a
chanber wall; an upper el ectrode having a | ower plasm exposed surface; a
substrate support; an electrostatic chuck enbedded in the substrate support
and operative to hold a substrate during processing of the substrate. The
wal | preferably includes a substrate transfer slot or gate for transferring
the substrate into and out of the chanber. The 15wall nay optionally be
coated with a suitabl e wear -r eBrief Bascriptiasw QO Figures pr ovi de an el ectri cal

tht t J | b f h | um d
gﬁect riocglr ?38@}4&%\&?15%@%%%{ ﬁ%? éatgnL%p%g%nt%lldégﬁ eﬁ%ﬁ%ﬁa?%bggﬁg]pgﬁmu maﬂum pl at e

whi ch acts akcaoloitedcceldasds Wik oadembsadigmmpl ed.- t o an RF power supply
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to power the upper e ode and ower electrode. For instance, the

upper el ect [06)s] Mdg.I3\ shomwsndlesseotipe oiendsf the fietuig h Pigt ». f or power suppli ed
to the lower electrode. Alternatively, the . lower electrode nay be coupl ed
to two or ndPW7RF Fig ikt showsn cdarged, fiqes seetenal dirveobrsgiondd émEigedA- The upper
el ectrode is spaced apart fromthe |ower electrode, formng a space for
generating plasma therebetween. During operation, the upper el ectrode

and/ or the | ower el ectrode el ect rDetalled Dexaiiptiort he process gas into plasma.
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return path for power supplied to the lower electrode. Alternatively, the lower
electrode may be coupled to two or more RF power supplies having difference
25  frequencies. The upper electrode is spaced apart from the lower electrode, forming a
space for generating plasma therebetween. During operation, the upper electrode
and/or the lower electrode electrically excite the process gas into plasma.
[0009] The upper electrode may be a single-piece electrode or a multi-piece
electrode. For example, the upper electrode may include a monolithic showerhead
30 celectrode, or it may include an inner showerhead electrode plate and one or more

segments forming an annular outer electrode ring. The upper electrode preferably

includes a backing member, for example, an aluminum or graphite backing plate.

S92



15el ectrode may include a plurality of holes or gas outlets that allow
passage of a process gas through the upper electrode. Preferably, the

di anmet er swof2otis4120l es in the upper el ectrode are from ®@Q@/yseoi@nd303D00 pm

[ 0010] During plasma processing, the upper electrode can be contam nated by
netals such as Ca, C, Co, Cu, Fe, Li, Mgy, Mo, Ni, K Na, Ti, Zn (e.g. from
20substrates processed under the upper electrode). During plasm
processi ng, such netals can be |iberated fromthe upper el ectrode and
contam nate the substrate undergoing processing such as plasnma etching.
[0011] To pridgamnofighieshevsrhend fgmti‘oaln op thegnoegresbewdrhsad siectodsplatetrmdupper
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may be appl ingderés, sichbnah elabidgRr BondBE Habdiall(Qastdmeri O Rint) PDefaile beadihgde.
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metals such as Ca, Cr, Co, Cu, Fe, Li, Mg, Mo, Ni, K, Na, Ti, Zn (e.g. from
20  substrates processed under the upper electrode). During plasma processing, such

metals can be liberated from the upper electrode and contaminate the substrate

undergoing processing such as plasma etching.

[0011] To prevent metal contamination of processed substrates, the upper

electrode is periodically taken out of the chamber and cleaned after a certain number
25  of RF hours. Alternatively, the cleaning described herein may be applied as a final

stage of manufacture of a new uppef electrode. Fig. 1 shows a flow chart 100

illustrating exemplary steps to clean an upper electrode in accordance with one

embodiment. In a step 101, the upper electrode is soaked in isopropyl alcohol (IPA)

for a suitable time such as 10 minutes to 1 hour, preferably about 30 minutes to
30 remove organic contaminants from the upper electrode. The word “about” as used

herein means £10%.



el ectrode 300 to be cleaned, has a sturdy base franme and three or nore
vertical supporting nenbers that support the upper el ectrode 300 such that
a pl asna weposwd420 surface of the upper el ectrode 300 Paras2aommesz d. The
top of each supporting nmenber preferably has an inner step on which an edge
of the upper electrode 300 rests. The steps prevent the upper el ectrode 300
fromslipping off the supporting nenbers during cleaning of the plasna
exposed surface. The supporting nenbers and base are preferably coated with
and/ or made froma chemcally resistant 25material, such as Teflon(r).
[0014] In alédlgp 103 stepHO2uthsawped deqtraddds wiped avikedeanroamevipan(sugh 8ol ut i on

for a suita } . - 0 to 60.m nute refe Y, ro .
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wei ght % < pr Vi j: N 4 CT/.US2010/ 003092 wat er
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1-2:1- 2: 15 fixeave 209 bafwdiictbaryugpet eRctrodel 300 cbd, beriped PFRS 8Aadbwsh: 1: 10.

[ 0015] Hydrogen peroxide i nﬁj he cl eani ng sol ution decoqr%oses into water and
atom ¢ oxyg@RSPIRtiyRivEewh RF s dixduie 403 suprasting theppemelasiasdsri0s agd RimeRipper

sel ectrode. MDA uilhie@l Sttt SRHALIAPbEIH:GBeiEA fliEbai g oxi di zed

metal | i c contam nants and form sol ubl e conpl exes. For exa
cont am nant svipieg¢tol\Ri0Dhs pieéerath g dorinmgl csfdraﬂtoh%npcﬂytetrﬁﬁudrobﬂ@%nem + H20; CuO

+ ANH3 + H20 = NH3) 42+ + 2 . [0016] In ste 04, the upper. el ectrode

is rinséd mfft%ufglﬁ’%\}?ﬁaale&?&ﬂqg@ W3 rthoetied sefiath Befibesncs! renove
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el ectrode (both front an ck) is w ped using DI Wsoaked c W pes
for a suitabirebe watedwah cleaningtsolutionsuclusseP A. pA dfueraaipgraadronftth® wipingt es.

0018] In an i onal 0) t he upper ectrode i s soak in.dilute
Li tri 1: aci d mf%?hﬁ) Bfﬁaf%rﬁgﬁyﬁﬁs tg% g3l p%ﬁoef@é ﬂﬂéiaagn‘f%a“d’rpé‘faég g‘HF? Zgb i ght %
for a suitabbadtitRRupwad fasing flaPsutficBR04bEMe WAPRIAHSIIN0 With ShPddWIWrES -
Dilute nitric acid is effective to further renove netallic contam nants

from t h&S upfrsingesustace efidie uppengctiadet39l (opt 3 plasina sxegsed 8Frface).c Enrtherd out

it is follo t 08.1.n .ch the upper electrode is rinsed with
DWfor a sﬁ%&‘gﬁgrg q%nrgg%%% Otgggd?@?@g&'&mﬁg'nut es, 20 preferably about 5

m nutes to [GT8Ye Adnyowash Bus. Df3A haddiB, Weefittuid 208, sgkdto {hQQ%gér Steps 101
to 108 can be repeated one or nore tinmes. [0021] In a step 109, the upper
el ectrode i §leREdsB0odeciernsd, Tpe asturdebessrframaanst thean or more vertical

supporting members that support the upper electrode 300 such that z; plasma exposed
20  surface of the upper electrode 300 faces downward. The top of each supporting
member preferably has an inner step on which an edge of the upper electrode 300
rests. The steps prevent the upper electrode 300 from slipping off the supporting
members during cleaning of the plasma exposed surface. The supporting members
and base are preferably coated with and/or made from a chemically resistant
25  material, such as Teflon®.
[0014] In astep 103, the upper electrode is soaked in a cleaning solution for a
suitable time such as 10 to 60 minutes, preferably at room temperature. The
cleaning solution is made by mixing ammonium hydroxide, hydrogen peroxide and
water, preferably a concentrated ammonium hydroxide water solution (CAS# 1336-
30 21-6) (28-30 weight% on NH3 basis, preferably 29 weight%), a hydrogen peroxide
water solution (CAS# 7722-84-1) (29-31 weight%, preferably 29 weight%) and



[0022] In a step 110, the upper electrode is rinsed with ultrapure water
for a 25suitable tinme such as 1 to 30 m nutes, preferably about 10 m nutes.
[ 0023] Thwe 20l1emmizng process can be foll owed by ot her ceavrasteionedoszr| eani ng
steps. [0024] This cleaning process of the upper el ectrode does not use
mechani cal polishing or treatment with hydrofluoric acid, thus prevents
excessi ve wear and damage to the elastoneric joint. This cleaning process
is effective to renove copper 30 and other nmetal contam nation from both

easily accessi bl e surfaces and ot her surfaces such as surfaces in screw
hol es, gas peEafeyolime atiofione 1-2: A 20111208420, 1ReE s 0-201-0030922{10025]
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[0015] Hydrogen peroxide in the cleaning solution decomposes into water and
atomic oxygen. Atomic oxygen oxidizes metallic contaminants on the upper

5 electrode. Ammonium ions in the cleaning solution can chelate oxidized metallic
contaminants and form soluble complexes. For example, Cu contaminants react
with the cleaning solution as: Cu + H,0, = CuO + H;O; CuO + 4NH; + H,0 =
Cu(NH;),** + 20H". ‘

[0016] In astep 104, the upper electrode is rinsed with DIW for a suitable time
10 such as about 5 minutes to remove any residue of the cleaning solution.
[0017] Inastep 105, the upper electrode (both front and back) is wiped using DIW
soaked cleanroom wipes for a suitable time such as 1 to 10 minutes, preferably about
2 minutes.
[0018] In an optional step 106, the upper electrode is soaked in dilute nitric acid
15 solution (CAS# 7697-37-2) (1-5 weight%, preferably 2 weight%) for a suitable time
such as 1 to 10 minutes, preferably 2 to 5 minutes. Dilute nitric acid is effective to
further remove metallic contaminants from the upper electrode.
[0019] If the optional step 107 1s carried out, it is followed by a step 108 in which
the upper electrode is rinsed with DIW for a suitable time such as 1 to 10 minutes,
20  preferably about 5 minutes to remove any residue of the dilute nitric acid.
[0020] Steps 101 to 108 can be repeated one or more times.
[0021] In a step 109, the upper electrode is moved to a class 100 or better
cleanroom.
[0022] In a step 110, the upper electrode is rinsed with ultrapure water for a
25  suitable time such as 1 to 30 minutes, preferably about 10 minutes.
[0023] This cleaning process can be followed by other conventional cleaning steps.
[0024] This cleaning process of the upper electrode does not use mechanical
polishing or treatment with hydrofluoric acid, thus prevents excessive wear and
damage to the elastomeric joint. This cleaning process is effective to remove copper
30  and other metal contamination from both easily accessible surfaces and other

surfaces such as surfaces in screw holes, gas passages or the like.
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Ni 210
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[0025] Table 1

Amount before cleaning (10m Amount after cleaning (1010
Metal 2 2
atoms/cm’) atoms/cm®)

Al 1300 20

Ca 760 390

Cr 1.8 <0.2

Co 3.8 0.1

Cu 3200 35

Fe 57 4.4

Li 13 <0.9
Mg 58 16
Mo 0.22 <0.09
Ni 210 2.0

K 460 4.8

Na 1600 40

Ti 77 2.4

Zn 290 65

[0026] Table 1 shows elemental analysis on a plasma exposed surface of a silicon
showerhead electrode before and after cleaning.

5 [0027] A human operator preferably wears gloves during performance of the
cleaning process described herein and handling the upper electrode between the
steps to prevent organic contamination from human contact. Also, whenever
necessary, the human operator can put on new gloves to prevent contaminants or
particles generated in one step from being transferred to the upper electrode in

10  subsequent steps.
[0028] While the cleaning method and the cleaning solution have been described
in detail with reference to specific embodiments thereof, it will be apparent to those
skilled in the art that various changes and modifications can be made, and

equivalents employed, without departing from the scope of the appended claims.



2.0 K460 4.8 Na 1600 40 Ti 77 2.4 Zn 290 65 [0026] Table 1 shows

el enental analysis on a plasnma exposed surface of a silicon showerhead
el ect r odewbaebowos4end after cl eaning. 5[0027] A human opecatuseoipnefoez abl y
wears gl oves during performance of the cleaning process described herein
and handling the upper el ectrode between the steps to prevent organic
contam nation from human contact. Al so, whenever necessary, the human
operator can put on new gloves to prevent contam nants or particles
generated in one step frombeing transferred to the upper electrode in
10subsequentWefg: [ 0028] Wile the cleaning nethod and the cl eaning

sol ution haye been _descrd bed i.n detaj.l with.reference to specific ..
enbodi nent s\{t her 26?1,6 OtEi ti% ﬁ?lFarBIég A5t e pantrgnapis JEom gil upReGY q?‘??%ﬁoﬂﬁ usgding pat
various changesnanthafibei, cbaptisipps can be made, and equival ents enpl oyed,
w t hout departing fromthe scope of the appended clainms.

soaking the entire upper electrode in a cleaning solution consisting of

5  ammonium hydroxide, hydrogen peroxide and water.

2. The method of claim 1, wherein the upper electrode is soaked in the cleaning

solution for 10 to 60 minutes.

10 3. The method of claim 1, further comprising:
before Soaking in the cleaning solution,
soaking the upper electrode in isopropyl alcohol for about 30 minutes;
wiping the upper electrode with cleanroom wipes and rinsing the upper
electrode with deionized water for about 2 minutes; and
15 after soaking in the cleaning solution,
| rinsing the upper electrode with deionized water for about 5 minutes;
wiping thé upper electrode using dionized water with cleanroom wipes for
about 2 minutes;
optionally soaking the upper electrode in a 2% nitric acid solution for 2 to 5
20  minutes and rinsing the upper electrode with deionized water for about 1 to 10

minutes.

4. The method of claim 3, further comprising repeating the steps at least once
followed by rinsing the upper electrode with ultrapure water for about 1 to 30

25  minutes.

5. The method of claim 1, wherein the cleaning solution is prepared by mixing

a concentrated ammonium hydroxide water solution of 28-30 weight% on NH3'

basis, hydrogen peroxide water solution of 29-31 weight% and water at a volume
30  ratio of ammonium hydroxide : hydrogen peroxide : water from 1-2:1-2:2 to 1-2:1-

2:20.



WO 2011/ 084127PCT/ US2010/ 003092 W Caim 1. A nethod for cleaning
netallic contam nants from an upper electrode used in a plasnma chanber,
conpri si g0 2011/084127 soaki ng the entire upper el ectrodeprcm/is2aiomeswwng
solution consisting of 5 amoni um hydr oxi de, hydrogen peroxi de and water.
2. The nethod of claim1, wherein the upper electrode is soaked in the
cleaning solution for 10 to 60 m nutes. 103. The nethod of claim1, further
conprising: before soaking in the cleaning solution, soaki ng the upper
el ectrode in isopropyl alcohol for about 30 m nutes; w ping the upper

el ectrode witt h clldgmmdbed of Yaisn dnehereimgheyoluhe rappéy fremdct 2ddk 10t h

dei oni zed water for about 2 mnutes; and 15after soaking in the cleaning
sol ution, rinsing the upper electrode with deionized water for about 5
monutes; w ging tihe mi@hed ofdlgiet n,odﬁeraﬁl!tﬁgu?p&@le%&ddé\@érﬁ ri¥¥stalshe veaRR@OoM

wi pes for about 2 m nutes; . optionally soaking the upper el ectrode
in a 2% nit elestrads of spglacnstliing sibcanre 5 20 ninutes and rinsing the upper
el ectrode with deionized water for about 1 to 10 m nutes. 4. The net hod
of claim3, further conprising repeating the steps at | east once followed
by rinsing ghe upermehetsfddien W wherbintth@ Paginp8bIRtioh & frédefhydtofloriz0

25m nutes. 5. The nmethod of claim1l, wherein the cleaning solution is
prepar ed by aﬁ‘id%inﬁglygméhlr?é]é@ﬂdat ed anmoni um hydr oxi de wat er sol uti on of

28- 30 wei ght % on NH3 basis, hydrogen peroxi de water solution of 29-31

wei ght % and water at a volune 30 ratio of ammoni um hydroxi de : hydrogen
per oxi de : - @at er Theomethed®oflel2in?1 twhekeid:the cldadflg is ddFed out without polishing

2011/ 084127PC]/ US2010/ 0030t92 f6 The thod of claim5, wherein the vol une
ratio i &0fr Biesmp SXppgefl syirfaee of the uppgr 88 of claim 1, wherein the upper
el ectrode conprises a showerhead el ectrode of single crystalline silicon. 5
8. The nmethod of claim 1, wherein the cleaning solution is free of

hydr of | uori d0aci dhamekethgdiclaiohl owheremche cle@ning liecaraedodt infa ai4sail®0A) omher ei n
the cl eaning | arried out without polishing 10 a plasnma exposed surface

of the uppegetgrgi‘i%%é‘?'

15 11.  The method of claim 1, wherein the upper electrode comprises an aluminum
or graphite backing member bonded to a silicon showerhead electrode by an

elastomeric joint.

12. The method of claim 1, further comprising removing the upper electrode
20  from a plasma chamber prior to cleaning and reinstalling the cleaned upper electrode

in the same of different chamber.

13. The method of claim 1, wherein the cleaning solution reduces Cu

contamination from over 3000x10'* atoms/cm? to less than 50x10'° atoms/cm?.
25

14. The method of claim 1, wherein the cleaning solution reduces Ni

contamination from over 200x10'° atoms/cm? to less than 5x10'° atoms/cm>.

15. The method of claim 1, wherein the cleaning solution reduces Zn

30  contamination from over 250x10'? atoms/cm? to less than 75%10'° atoms/cm?.



10. The method claim 1, wherein the cleaning is carried out in a class
10000 or better cleanroom 1511. The nethod of claim1, wherein the upper
el ect r odewoaomrisses an al um num or graphite backi ng nenper/usendedsodn a
silicon showerhead el ectrode by an el astoneric joint. 12. The met hod of
claim1, further conprising renoving the upper electrode 20 froma plasna
chanber prior to cleaning and reinstalling the cleaned upper electrode in
the sane of different chanmber. 13. The nmethod of claim1, wherein the

cl eani ng sol ution reduces Cu contam nation from over 3000x101 atons/cnR to
| ess than 50%101 Taeomshahef claigm 1,19herginghereletrong edlutbmradutss Ksher ei n t he

cl eani ng sol ution reduyces Ni nt.an nat,i on from over. 200x101 atonms/cn? to
| ess than SQTB_ang{agﬁE/%@ ovet S%Q(IQS.amfﬂsémﬁe{%Sﬁqh?n gfh(?nflé’,m%%r ein the

cl eaning solution reduces Zn 30 contam nation fromover 250x101 at ons/cn®
to less than_75x101 atons/cn2. WO 2011/084127PCT/ US2010/003092 16. The
met hod  of cllai m Theywrshed of dlaim bl whgieinghseleaningsolpbentasaceseCaont ani nat i on
fromovet 5 t 18 to 17, The met hod
of cl ai rrilf 1, Qﬁ%&aﬁ%ﬁ@nﬁﬁ%&@ gé?golatot}ﬁl?%cr{g »r(tégésget@a Xg(@iﬁlt%?ﬁnﬁ/ﬁ?’i on from
over 700x101 atonms/cnR to | ess than 400x1010 atons/cn2. 18. The net hod of
claim1, wherein_the cleaning solution reduces contam nation from over
50x101 at omé¥cnp The meshed efipdginp byyleereinithsrgleanng salotion meacesdyiBod of claim 1,
wherein the ' ' 19 ontam ! 16 2 450x101
atoms/ cme o e TR B SO Ao B SO AR T wherei n

the cl eaning solution reduces Na contam nation fromover 1500x1010
atons/ c to.less than 50x101 atons/cn?2. 15 21. The nethod of claim1l,
wher ei nﬂfhe?gl eaﬁ"ihﬁ&‘é]%‘?du?fil‘gﬁmr Ld@é’%‘n'ﬁle EHHBGFHUEPDFPIRES  over 250x101
at oms/ cn? t gorkt8SfhatiBRFrohPSvdd 458k PIE Afiils/cm? to less than 5x10'° atoms/cm>.

20. The method of claim 1, wherein the cleaning solution reduces Na

contamination from over 1500x10'° atoms/cm? to less than 50x10'° atoms/cm>.
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21. The method of claim 1, wherein the cleaning solution reduces Ti

contamination from over 250x10'® atoms/cm? to less than 75%10'? atoms/cm?.



