VET CLEANI NG OF ELECTROSTATI C CHUCKS BACKGROUND An el ectrostatic chuck
(ESC), a conponent of sem conductor processing equi pment such as plasma
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di splay) during processing, for exanple, in a chemcal vapor deposition
(CVD), physical vapor deposition (PVD), or etch reactor. ESCs often exhibit
short lifetines resulting in failures including, for exanple, dynamc
alignment failure, high | eakage of heliumcooling gas between the ESC and
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lifetimes resulting in failures including, for example, dynamic alignment failure,

10 high leakage of helium cooling gas between the ESC and the underside of a
supported substrate, increased dechucking time, and sticking of the substrate to the
ESC or dechucking failure. The early failure of ESCs can cause substrate breakage,
impact throughput, lead to particle and defect issues, and increase ownership costs
of plasma processing equipment incorporating such ESCs.

15

SUMMARY
Provided is a method of cleaning a new or used electrostatic chuck useful for

plasma etching of a dielectric layer on a semiconductor substrate. The chuck
includes a ceramic surface on which the semiconductor substrate is supported during

20  the etching. The method comprises contacting at least the ceramic surface of the
chuck with (a) isopropyl alcohol; (b) a basic solution that comprises hydrogen
peroxide and ammonium hydroxide; (c) a dilute acidic solution that comprises a
hydrofluoric acid and nitric acid mixture and/or a dilute acidic solution that
comprises a hydrochloric acid and hydrogen peroxide mixture; and/or (d) ultrasonic

25  cleaning, whereby contaminants are removed from the ceramic surface of the chuck.
When cleaning a used chuck previously used for supporting a semiconductor
substrate during plasma etching of a dielectric layer on the semiconductor substrate,
the method preferably further comprises contacting at least the ceramic surface of

the chuck with tetramethyl ammonium hydroxide.
30



conprises a hydrochloric acid and hydrogen peroxide m xture; and/or (d)

ul trasoni c cl eani ng, whereby contam nants are renoved fromthe ceramc
surface obotzhe/whasek. \Wien cleaning a used chuck previ oesirjusaesdd204 _
supporting a sem conductor substrate during plasma etching of a dielectric
| ayer on the sem conductor substrate, the method preferably further
conprises contacting at least the ceram c surface of the chuck with
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sinpl e method for cleaning ESCs conprises a wet cleaning process, which
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10 surfaces following etching. The contaminants change the surface characteristics of
the ESCs and cause early failure, as ESC performance greatly depends on the
cleanliness of ESC surfaces. Among the contaminants deposited on ESC surfaces
during manufacturing of new chucks or when used for dielectric plasma etching are
organic impurities, metallic impurities, fluoride impurities, electrode impurities,

15 silicon particles, surface particles, and combinations thereof. More specifically,
examples of fluoride impurities include, for example, aluminum fluoride, titanium
fluoride, and combinations thereof; examples of metallic impurities include iron,
chromium, nickel, molybdenum, vanadium, and combinations thereof; examples of
electrode impurities include, tungsten, phosphorus, and combinations thereof;

20 examples of silicon particles include, for example, Si, SiO,, and combinations
thereof. It has been surprisingly discovered that new ESCs can be preconditioned
and used ESCs can be recovered by cleaning the contaminants resulting from
manufacturing or deposited on the ESCs during etching to refresh the ceramic
surface by means of a wet cleaning process.

25 As used herein, dielectric ESCs refer to ESCs used in dielectric etch
processes such as plasma etching silicon oxide and low-k materials. An exemplary
dielectric ESC can comprise a metal base (e.g., anodized or non-anodized aluminum
alloy) with a ceramic surface on which a semiconductor or substrate such as a wafer
is supported. As an example, the ceramic surface may comprise a sintered laminate

30  comprising a patterned refractory (e.g., tungsten or molybdenum) electrode between
two ceramic layers (e.g., thin ceramic layers approximately 20 mils thick). The

laminate may be bonded to the metal base with a bonding material such as a silicone
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fluoride, and conbinations thereof; exanples of metallic inpurities include
i ron, chromum nickel, nolybdenum vanadium and conbi nations thereof;
exanpl es Wb 2edmv230de i npurities include, tungsten, phogpinarsaes/osazds ’
combi nations thereof; exanples of silicon particles include, for exanple
Si, Si®2, and conbinations thereof. It has been surprisingly discovered ’
that new ESCs can be preconditioned and used ESCs can be recovered by

cl eaning the contam nants resulting from manufacturing or deposited on the
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According to an embodiment, the ceramic dielectric layer of a J ohnsen-
Rahbek type ESC may comprise 94% AlO3, 4% Si02, 1% Ti02, and 1% CaO, as
well as trace amounts of MgO, Si, Ti, Ca, and Mg. According to another
embodiment, for a Coulombic type ESC, the ceramic dielectric layer may comprise

15  greater than or equal to 99% Al;Os. Thus, depending on the composition of the
ceramic layer, elements such as Ti, Si, Mg, and Ca may not be considered
contaminants to be removed by the wet cleaning process. In contrast, contaminants
such as metal particles and electrode particles (e.g., tungsten or molybdenum) are
preferably removed from the surface of the ESC by the wet cleaning process.

20 Contaminants such as, for example, organic impurities, metallic impurities,
and electrode impurities may be found on new ESCs while contaminants such as, for
example, organic impurities, fluoride impurities, and silicon particles, may be
deposited on the ceramic surface of used ESCs during dielectric etching. The
components of the wet cleaning process, i.e., organic solvent, basic solution,

25  optional TMAH, dilute acidic solutions, and ultrasonic cleaning, serve to remove
specific contaminants that may be found on ceramic ESC surfaces.

For example, the isopropyl alcohol (IPA, 100%, conforming to SEMI
Specification C41-1101A, Grade 1 or better) serves to remove organic impurities.
While it is contemplated that other organic solvents may be used, acetone is

30 preferably avoided, as acetone may attack the ESC bonding material.

The basic solution serves to remove organic impurities, metallic impurities,

and titanium fluoride. An exemplary basic solution for use in the wet cleaning
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generate coul onbic el ectrostatic forces. Johnsen-Rahbek type ESCs, which
often provide higher electrostatic clanping forces for a | ower applied

vol t age, woDi2béczeoi3ewer resi stance dielectric surface | aperasssashirss Al 203
doped with, for exanple, Ti Q2. According to an enbodi nent, the ceramc
dielectric layer of a Johnsen- Rahbek type ESC may conprise 94% Al 2Q3, 4%
S22, 1% Ti2, and 1% CaO, as well as trace amounts of MgyO Si, Ti, Ca, and
My. According to another enbodi nent, for a Coul onbic type ESC, the ceramc
dielectric layer may conprise greater than or equal to 99% Al 203. Thus,
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may be deposi ram [ f SCs, during dielectric
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cl eaning, serve to renpve specific contam nants that may be found on
cerani ¢ ESCh¥PEeReEoxifigls: exanpl e, the isopropyl al cohol (IPA, 100%
conform ng to SEM

10 H,0, + 2H" + 2¢" = 2H,0
- E°=1.776V (versus standard hydrogen electrode (SHE))

and the standard reduction potential of hydrogen peroxide in weak basic solution is:

15 HO; + HyO +2¢ =30H"
E°=0.878V (versus SHE).

The ammonium hydroxide can form complex ions, such as Cu(NH;)s*" and

Ni(NH;),**, with metallic impurities. Since the use of hydrogen peroxide increases
20  the surface potential of ESC ceramic surfaces, it can reduce the redeposition or

surface absorption of metals after previous chemical cleaning of ESC ceramic

surfaces. For example, the standard reduction potential of copper is:

Cu** +2¢ =Cu
25 E°=0.337V (versus SHE)

and the reduction potential of silicon is:

Si+2H,0 +2H" + 2¢ = 2H,0
30 E° =-0.857V (versus SHE).



Speci fication C41-1101A, Gade 1 or better) serves to renove organic
inpurities. While it is contenplated that other organic solvents may be
used, acewonedwsopneferably avoided, as acetone may att ach/usb@s@8obondi ng
material. The basic solution serves to renmove organic inpurities, netallic
inpurities, and titaniumfluoride. An exenplary basic solution for use in
the wet cleaningprocess may conprise hydrogen peroxide (H2Q2) (30%

sem conductor grade, conformng to SEM Specification C30-1 101, G ade 1 or
better) and ammoni um hydroxi de (NH OH) (29% sem conductor grade,

conform ng to Sk, SPEGIN| dafi drdvade GRAr @38 Cutitadernd cappebaictaty Whickyatr ogen
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o An exemplary acidic solution for use in the wet cleaning process may

comprise hydrofluoric acid (HF) (49%, semiconductor grade, conforming to SEMI

10  Specification C28-0301, Grade 1 or beiter) and nitric acid (HNO3) (67%,
semiconductor grade, conforming to SEMI Specification C35-0301, Grade 1 or
better). The nitric acid serves to remove metal particles and electrode impurities and
the hydrofluoric acid serves to remove silicon particles, such as SiO;. The reaction
of hydrofluoric acid with SiO; is as follows:

15

4HF + Si0, = SiF4 + 2H,0
6HF + SiO, = H,SiFs + 2H,0

There is a low concentration of H" and F~ ions in a solution of hydrofluoric
20  acid due to a low reaction constant of k1 =1.3 x 10° mol/liter. The presence of
nitric acid, with common H' ions, should result in an even lower concentration of F-
jons. As hydrofluoric acid may attack ceramic surfaces at their grain boundaries,
special care is preferably taken in applying hydrofluoric acid to ceramic surfaces.
While not wishing to be bound by theory, it is believed that the addition of nitric
75 acid is effective for metal and metal ion decontamination. As nitric acid is a strong
oxidizer, it can react with active metals such as iron, nickel, aluminum, zinc, as well

as inactive metals such as copper. The standard reduction potential of nitric acid is:

NO; +4H" + 3¢"=NO + 2H,0
30 E° =0.957V (versus SHE)



surface absorption of netals after previous chem cal cleaning of ESC
ceram c surfaces. For exanple, the standard reduction potential of copper
is: Cu2+ wo2eodsoBB4= 0. 337V (versus SHE) and the reduct pam/ysososnuizal of
silicon is: Si + 2H20 + 2H+ + 2e = 2H20 E -0. 857V (versus SHE). Thus,
silicon can provide electrons to Cu2+ to form copper netal, which can be
absorbed on the ESC ceram c surface. Hydrogen peroxide can rempve el ectrons
fromsilicon, allow ng copper to form Cu(NH3)4 2+, which can be renoved.
The optional TMAH (e.g., 2.38 weight% CC 238S non-ionic devel oper from

Cyantek, Corp., Kh&BUxempfly 860D NHOn FENEREEn eleundtritinilgynbtcdemas
contam nant that may be found on used ESCs. Thus, used ESCs are\gg;eferably
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remove copper contaminants from ESC ceramic surfaces, the pH of the cleaning
solution should be maintained at less than or equal to 6.0 for Cu?* or greater than or
equal to 12.5 for Cu(OH)4* and the reaction potential on ESC ceramic surfaces

10  should be controlled at 0.50 volts or higher versus SHE. Using nitric acid and
hydrogen peroxide in an acidic solution will provide an appropriate ceramic surface
potential to achieve an efficient removal of copper. While hydrofluoric acid alone
would not be expected to remove copper contamination from an ESC ceramic
surface, a solution of nitric acid with hydrofluoric acid and/or hydrogen peroxide

15  with ammonium hydroxide should provide more effective copper decontamination
of ESC ceramic surfaces. Metal particles such as iron, nickel, titanium, etc., can be
effectively removed by a solution of hydrochloric acid and hydrogen peroxide, as
iron and nickel can dissolve in hydrochloric acid and titanium can be oxidized by
hydrogen peroxide and then dissolve in a solution of hydrochloric acid. The acidic

20  solution comprising hydrochloric acid and hydrogen peroxide has demonstrated
effective decontamination of metal and metal ions, such as aluminum, iron, nickel,
and copper.

The acidic solution for use in the wet cleaning process may comprise a

mixture of hydrofluoric acid and nitric acid and/or a mixture of hydrochloric acid

25  and hydrogen peroxide. The acidic solution or solutions used may be based on the
type of ESC and the conditions to which it is subjected during dielectric etching.
For example, to prevent damage to the ceramic surface of a J ohnsen-Rahbek type
ESC operated at high power (e.g., 3000-6000 W), such an ESC preferably is not
cleaned with hydrofluoric acid and nitric acid.

30 The ceramic surface of the ESC is preferably contacted with the acidic
solution and TMAH by wiping while the ESC is on a fixture, with the ceramic

surface facing downward. Use of the fixture allows cleaning with the acidic solution
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AHF + SI2 = SiF4 + 2H2ZO6HF + SIQ2 = H2Si F6 + 2H20 There is a | ow
concentration of H+ and F ions in a solution of hydrofluoric acid due to a
| ow r eactwono@aesidant of kl = 1.3 x 10 3 nol/liter. Theprpramsews@4nb4nitric
acid, with conmon H ions, should result in an even | ower concentration of F
ions. As hydrofluoric acid may attack ceram c surfaces at their grain
boundari es, special care is preferably taken in applying hydrofluoric acid
to ceramc surfaces. Wile not wishing to be bound by theory, it is
believed that the addition of nitric acid is effective for nmetal and netal
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order to retmvwergvicperfacoritheER®E@nt s from ESC cerani ¢ surfaces, the pH of

t he cl eani ng sol ﬁ{qiﬁoi}?ﬁhaul be maintained at | ess than or equal to 6.0 for
Cu2+ or greater AHUESOG G paning s§iy essIofTgmoye fieg particles, as well as

particles trapped inside passages in the ESC, for example, water channels,

10 temperature sensor holes, lift pin holes, and through holes, such as helium supply
holes and associated microchannels. A particle density on the ESC ceramic surface
of less than 0.17 particles/cm? is desired following ultrasonic cleaning.

Chemical attack of the bonding area of an ESC during the wet cleaning
process is undesirable. Thus, the corrosion resistance of a ESC bond was

15  systematically studied by exposing the bond to different chemicals, with the results
indicated in Table I.



2 and the reaction potential on ESC ceram c surfaces should be controlled
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hydrof | uori c acijgg@nd nitrijc aci gyg v v v *
20-37 v v * *
NH,OH 0-10 v v | Y | ¥
10-20 v v v X
20-30 v v X X
H202 <10 * * X
10-30 * X
CO, v v v *
PA v v v
Acetone 0O 0 X

v’ Excellent corrosion resistance or very light corrosion

*  Depends on the type of bond material used

O May be used, but with considerable corrosion or damage
5 X Severe corrosion or damage (cannot be used)

Coating the bonding area with MicroShield™ Masking Aid (Structure Probe,
Inc., West Chester, PA), drying for 30 minutes, and covering with chemical resistant
tape (e.g., KaptonTM tape or 3M™ Electroplating Tape #470, 484, or 854) was found

10  to be an effective means of protecting the bonding area.

Similarly, contact with water, aqueous chemicals, or acetone, but not IPA,
can adversely affect electrical contacts, including contacts with plastic insulators and
silver coated contacts, on the backside of the ESC. Accordingly, electrical contacts
and exposed bonding material on the ESC are preferably protected by covering with

15 masking material and/or chemical resistant tape

As noted above, ESC surfaces such as the wafer-contacting ceramic surface
can be analyzed prior to subjecting the ESC to the wet cleaning process to determine
whether contaminants are found on a surface of the ESC. Additionally, ESC

surfaces can be analyzed after subjecting the ESC to the wet cleaning process to



The ceramic surface of the ESC is preferably contacted with the acidic
solution and TMAH by wiping while the ESCis on a fixture, with the ceramc
surface fwoizogp/dasaward. Use of the fixture allows cl eamrcmgiSesosidizbe aci di ¢
sol utionor TMAH wi t hout causing the cleaning solution to becone trapped in
passages of the ESC and damagi ng the bonding layer. In addition to
contacting the ceramc surface of the ESC with the abovedescri bed
conponents of the wet cleaning process, cleaning of |ocal stains may be
assisted by careful use of a scouring pad, such as a 3Mtm white Scotch
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chamber performance tests include, for example, wafer temperature measurements,
10 dynamic alignment measurements, I-V curve measurements such as pole-pole versus
current, and determining reverse polarity optimization.
Plasma etching chamber performance tests indicated that after wet cleaning a
used ESC: (1) the ESC current during the I-V measurement was lower, (2) the
optimum RPV shifts to a lower voltage, and (3) the helium rise time results
15 improved. Thus, dechucking times would be lower after the clean, a wafer can be
dechucked over an extended holding voltage range, and the window for optimal
RPV is wider after the cleaning.
ESC measurements carried out prior to and/or after subjecting the ESC to the
wet cleaning process include surface roughness (21 points), surface color
20  uniformity, ceramic dielectric thickness, ceramic dielectric layer volume resistivity,
electric resistivity, dielectric resistance and pole-to-baseplate resistance, surface
pattern observation (White Light Interferometer (Zygo®, Middlefield, CT)), SEM
and EDS analysis for surface morphology and composition analysis, and Inductively

Coupled Plasma Mass Spectrometry (ICPMS) of the ESC ceramic surface.

25
EXAMPLES
The following wet cleaning processes, which can be used to clean new and
used ESCs, are provided to be illustrative, but not limiting.
30 Example 1

Protect electrical contacts on the backside of a used dielectric ESC, including

contacts with plastic insulators and silver coated contacts, with chemical resistant

9.



X Severe corrosion or damage (cannot be used) Coating the bonding area with
McroShield(tm Masking Aid (Structure Probe, Inc., West Chester, PA),

dryi ng fowo200amemsties, and covering with chem cal resistramust@seii2es g. ,
Kapton(tm tape or 3Mtm Electroplating Tape #470, 484, or 854) was found
to be an effective neans of protecting the bonding area. Simlarly, contact
wth water, aqueous chem cals, or acetone, but not |IPA, can adversely
affect electrical contacts, including contacts with plastic insulators and
silver coated contacts, on the backside of the ESC. Accordingly, electrical

contacts ar{%ﬁ?;‘fﬁs}%@giﬁgw BRdTRLRSEA] 20theldage EBMeBST, pinafedtaadly pelowot ect ed

by covering _ I'ng material and/or chem cal resistant t As noted
above, ESC theicéramissusiachlayer, biicoatiizshe bonting miategabwithMieraiidldce can be

anal yzed prijor .to,subjecting.the ESC t.0 nJ . to
det ermine M@?&%%mﬂﬂg ﬁ’é%’togmg}l S%‘Sﬁéﬁ%ﬁ‘%@ isﬂﬁ?l%eg@lgb% SI’E he @%
Addi tional Iy, ESGnSetnkaseswiRNItRuAEiotdad witt UM iesistiving> 1RMEST t o t he
wet cl eaning process todeterni ne whether cont amfﬁ%nts % found, on a
r

Egr{ggteggf mﬁg%fétcgf?ﬁ@h@ﬁeﬁ» blpwfﬁe@eéhwéﬁéﬁﬁ@r %@ ; ARl B t he ESC can
pref er abl y 1§ Pe™ E(U%ﬁ (tlre"u "f%lﬁstaj @%gsgesl&%?g ﬂ[oﬁ%@ \Aﬂg{ﬂvﬁ,gg@fﬁ%% %?g}?g{gﬁﬁ%l a?gg

For exanm] e e for di 1 or g% T er L yene t rp to. dechuck -
xglr ts g;e,r e\z;(raurj SILei g%ﬁi’f’%lirth? ﬁSantf’Q‘{:/f\_eI‘I@%Fs@}ugmpi ﬂ@@@%@ﬁ@?@”%%@%ﬁ ng

hol di ng' vol sur gag I];tu%tlﬁg?%@ cehidsm &{He. PRl dsdahe bR 1084 stdifey Ver sus

10  carefully a 3M™ white Scotch Brite. Rinse the ESC with UPW for 5 minutes and

o

blow off excess water with filtered nitrogen.
Wipe the ESC with IPA using a lint-free cleanroom wipe, rinse the ESC with
UPW for 5 minutes, and blow off excess water with filtered nitrogen.
Place the ESC on a fixture, with the ceramic surface facing downward. Wipe
15 the ceramic surface with a lint-free cleanroom wipe and a solution of HE:HNO3:H,0
(ina ratio of 1:5:50) for a maximum of 30 seconds. A 3M™ white Scotch Brite can
be used with the solution. Rinse the ESC, including all of the helium holes and
channels, with UPW for 10 minutes and blow off excess water with filtered nitrogen.
With the ESC facing downward on the fixture, wipe the ceramic surface with
20  a lint-free cleanroom wipe and solution of HCl:H,02:H,O (in a ratio of 1:2:10) fora
maximum of 3 minutes. A 3M™ white Scotch Brite can be used with the solution.
Rinée the ESC, including all of the helium holes and channels, with UPW for 10
minutes and blow off excess water with filtered nitrogen.
With the ESC facing downward on the fixture, wipe the ceramic surface with
25 a2 lint-free cleanroom wipe and a solution of 2.38% TMAH for 5-10 minutes,
depending on the degree of fluoride deposition, avoiding contact of the metal base
with the solution. A 3M™ white Scotch Brite can be used with the solution. Rinse
the ESC with UPW for 5 minutes and blow off excess water with filtered nitrogen.
Remove the ESC from the fixture and soak the ESC in a solution of
30  H,0,:NH,OH:H,O (in a ratio of 1:1:2) for 20 minutes, wipe the ESC with a lint-free
cleanroom wipe or 3M™ white Scotch Brite, rinse the ESC with UPW for 5

minutes, and blow off excess water with filtered nitrogen.
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chanber performance tests include, for exanple, wafer tenperature

measur enents, dynam c alignnent neasurenents, |-V curve neasurenents such
as pol e- pgbeossarsszsg current, and determ ni ng reverse polpamiusgoospsized zat i on.
Pl asma et chi ng chanber performance tests indicated that after wet cleaning
a used ESC. (1) the ESC current during the I-V neasurenent was | ower, (2)
the opti mum RPV shifts to a | ower voltage, and (3) the heliumrise tine
results inproved. Thus, dechucking tines would be |ower after the clean, a
waf er can be dechucked over an extended hol di ng vol tage range, and the

wi ndow for opti nRlacRBN ESC Wciles dawiivRird bRehehiaar, (th thoferlBASHERBNt S
carried out prior to and/or after subjectlng)the ESC to the wet cleaning

process i ncfasine doyrrese Mone Hhecsntio sunfasientish a listifréaclearyodmorwipaafibami ty,

ceramc die L[ i €6Sn Ceram C i€ tric laver une resjstivity,
electric re%ﬁg @%&?égtgégFg%?#ngrgéPg?ﬁg@ﬁﬁgh%nﬁﬁW%F?8¥gé§%ﬁP§%
resi st ance, 38IMvade SuetdheBiite@as Be uaddi with (\Mhblutiohl Biiselhd BSE Smemaingr
(Zygo(r), Mddlefield, CTI)), SEM and EDS anal ysis for surface norphol ogy
and conpdsi il 8hthahsliyaiholésang chamgls: with P Wdab! Ganimitessand hlew offxeetsr onet ry

| CPVB) of L. am face. EXAMPLES The fol |l owi ng wet cl eaning
E)roces)ses, %ﬁgﬁa@?ﬁg«gﬂ&%g &%'o cl ean new and used ESCs, are provided to be
il lustrative, buRemove therVidroghielERanvakleing AR Gloactheeligedf the BSComiigict s on

' i el ic ES i ncl udi n
the backsi dgce gne%n'fiscg‘gorg st%abes(.: tI\EI(I)Vce tEe gSCI toa (!fjlass 1%00 Cleanroom and measure

the roughness of the ceramic surface with a surface roughness tester, such as a
10 Fowler Pocket Surf (Fred V. Fowler Co., Inc., Newton, MA). Mount (immerse) the
ESC in an ultrasonic tank filled with UPW at room temperature and clean the ESC
for 60 minutes. Orient the ESC in the ultrasonic tank with the ceramic surface
facing downward, but supported above the bottom of the tank. The ceramic surface
should not come into contact with the tank during the ultrasonic cleaning. Remove
15 the chemical resistant tape from the backside of the ESC, wipe the ESC with IPA,
and rinse helium holes and channels on the backside of the ESC with IPA. Blow dry
the ESC, including the helium holes and channels, with nitrogen supplied through a
hose or soft-tipped nozzle.
Move the ESC to a Class 100 Cleanroom and place it under a heating lamp
20  orbake it in an oven at 120°C for 90 minutes and allow the ESC to cool to 50-60°C.
Measure surface particles on the ceramic surface, for example, with a QIII®+

Surface Particle Detector (Pentagon Technologies, Livermore, CA).

Example 2
25 The procedure of Example 2 is similar to the procedure of Example 1.

However, cleaning times and cleaning components may vary, as indicated by
Example 2. Protect electrical contacts on the backside of the ESC and wipe the ESC
with IPA.
Soak the ESC in 30% H,0; solution for 20 minutes and wipe the ceramic
30  surface with a lint-free cleanroom wipe. If necessary, remove local stains by

carefully using a 3M™ white Scotch Brite or a fine pad (sand paper) can be used.
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contacts with plastic insulators and silver coated contacts, with chem cal
resi stanttape. Protect exposed bonding material at the edge of the ESC

i mredi at eW9 2b@lwuesuhe cerami c surface |ayer, by coatingPCasbasmizgs
material with McroShield(tm) Masking Aid, drying for 30 mnutes, and
covering with chem cal resistant tape. Rinse the ESC with ultrapure

dei oni zed water (UPW resistivity > 18 Mohncmat 25C) for 5 minutes, blow
of f excess water with filtered (0.05 to 0.1 mm) nitrogen, soak (i mrerse)
the ESC in IPA for 20 mnutes, and wipe the ESCwith a lint-free cl eanroom

wi pe. Soak tRiaséthe BIT RAUOUIZosP hidiited arfdWlow @ fexBdsBsatdnN@iiisnerhihe ceranic
surface with a lint-free cleanroomw pe. |f necessary, renove |l ocal stains

by careful | y"8°8% tn) white Scotch Brite. Rinse the ESCwith UPWfor 5
mnutes and bl ow @l £XR8ESn WA M hihulds! LA BAENAGEN: pafbe the ESC with

| PA using a lint-free cleanroom w pe, T1nse or 5 m nutes,

and bl ow of fclemomss wige, einsetictEST itk TRW Hort 3 pgRnes, Bh@BRW S ksGs Mt
fixture, .wth. tgﬁ ceram c surface facing downward. Wpe the ceramc surface
with a |nt-Y¥ ?Fggﬁm&ﬂm wi pe and a sol ution of HF: HNGB: H20 (in a ratio

e T e
and channel she Wramiqmﬂaﬁ@)with@ lmit+free edeanrmdnbivipy anfifa sokeida D MR ENOMHID he
[11Lered ot Logeh LSO, F30. 1 ack headounuat 0, GQANG L KLt i pe
HC1: H2QO2: H2 Girfel pAd @ah 88 LsbdOkitd it soiffibn Rins@ tﬁ@ﬁé@}ﬁﬁbﬂhin% A SHh S pﬁ’l sMtm
white Scotch Brite can be used with the solution.
10 holes and helium supply holes and channels, with UPW for 10 minutes and blow off
excess water with filtered nitrogen.
With the ESC facing downward on the fixture, wipe the ceramic surface with
a lint-free cleanroom wipe and a solution of 2.38% TMAH at room temperature for
5-10 minutes, depending on the degree of fluoride deposition on the ESC ceramic
15 surface, avoiding contact of the metal base with the solution. Rinse the ESC with
UPW for 5 minutes and blow off excess water with filtered nitrogen.
Remove the ESC from the fixture and soak the ESC in a solution of
NH,OH:H>0,:H,0 (in a ratio of 1:7:8) for 20 minutes, wipe the ESC with a lint-free
cleanroom wipe or 3M™ white Scotch Brite, rinse the ESC with UPW for 5
20  minutes, and blow off excess water with filtered nitrogen.
Place the ESC facing downward on the fixture, wipe the ceramic surface
with a lint-free cleanroom wipe and solution of HCI:H,0,:H,0 (in a ratio of 1:2:10)
for a maximum of 3 minutes. A 3M™ white Scotch Brite can be used with the
solution. Rinse the ESC, including all of the helium holes and channels, with UPW
25 for 10 minutes and blow off excess water with filtered nitrogen.
Mount the ESC in an ultrasonic tank filled with UPW at room temperature
and clean the ESC for 60 minutes. Rinse the ESC with UPW for 5 minutes and
blow off excess water with filtered nitrogen. Remove the chemical resistant tape
from the backside of the ESC, wipe the ESC with IPA, and rinse helium holes and
30  channels on the backside of the ESC with IPA. Blow dry the ESC, including the

helium holes and channels.
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Rinse the ESC, including all of the heliumholes and channels, with UPWfor
10 m nutes and bl ow off excess water with filtered nitrogen. Wth the ESC
faci ng dowowasehears4t he fixture, w pe the ceram c surfaceCwmiushooaokizes - free
cl eanroom wi pe and a solution of 2.38% TMAH for 5-10 m nutes, depending on
the degree of fluoride deposition, avoiding contact of the netal base with
the solution. A 3Mtn) white Scotch Brite can be used with the sol ution.
Rinse the ESCwith UPWfor 5 mnutes and bl ow off excess water with
filtered nitrogen. Renpve the ESC fromthe fixture and soak the ESCin a
sol ution of HZOQMIBAthleES@t(alarClassrm()I(geﬁfro&nJanmklaE@'itL%Qe glaxﬁ\é pe the

ESCwith alint-free cleanroom w pe or ite cot i nse the
ESC wi t h UPW pde isimgniceadt 1207€ for aﬁmunmteemie@bwmeé%smmdmot i Memd

ni trogen. Pl ward opn the f.ixture, with the ceramc
surface fac?glga%g)\%ﬁ\%ggam a&;’ergcetlﬁm%’eels%?ﬁ@escﬁ?apﬁﬁéu%cteh alint-free
cl eanroom wi pe and a solution of HCl: HROQ2: H20O (in a ratio of 1:2: 10) for a

maxi num gf 30 seconds. A 3Mtnm) white Scotch Brite can be used with the
sol ution? Rinse the ESC, including aBxampletihe hel i um hol es and channel s,

with UPWTfor 10 t hﬁ"é with filtere |trogen
Renmove the M croSh?%llg ro?rr{b%ﬁg l%%‘t ﬁée Weg Scfmélsgflalyﬁé ¢ Lid ng
acet one and uszmt ESQ bethghrior tcwhn/cbaftdn ﬁldi&‘sét cﬂ@nﬁhg@ras@s 19&%@@’&@&@@@ and

neasure the Loughness of t c surface with a, surface roughness
tester, suchldL Ey aé?a‘l’-}c}gﬁégcgﬁefmlewg%?e\/e%mﬂ%% ficagion of 2Q0 timsgwt on,

MA) . Mount  (AcBERIES, sbitg cgﬁ%hﬁhn?sr}nh‘y hétaRU iR nd 4dvb e M kot at room

tenperature and clean the ESC
10 “particle” refers to individual particles or impurities on the ceramic surface of the

ESC, including metal particles or electrode particles.

Table 11
Average Particle

Element | Pre-Cleaning | Post-Cleaning | Pre-Cleaning Post-Cleaning
0 52.82% 62.85% 44.59% 66.50%

F 12.77% 1.85% 14.07% -~-
Mg 1.33% 0.84% 0.95% 0.40%
Al 32.07% 34.02% 28.87% 29.15%

P - -—- 3.29% -

Ca 0.23% - O.51°/Z -~-

Ti 0.63% 0.45% 2.59% 4.39%
Fe . - 4.61% ---

W - - 0.52% -~-

Si 0.14% - -—? -

15 Example 4

Table III provides ICPMS elemental surface concentrations (x 10'°
atoms/cm?) for a used ESC both prior to and after the wet cleaning process.
“Extraction” refers to a process wherein a chemical etching solution is applied to the
ceramic surface of the ESC in order to dissolve surface contaminants into the

20  solution. The solution is then collected for ICPMS analysis. Thus, the initial
surface contamination level may be determined, as well as the level of
contamination after the wet cleaning process and the efficiency of the wet cleaning

process. By repeating the extraction process several times, the endpoint of the wet
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for 60 mnutes. Oient the ESCin the ultrasonic tank with the ceramc
surface facing dowward, but supported above the bottom of the tank. The
ceram c swofa@aesiszaul d not conme into contact with the taoh/useeosng2vhe

ul trasoni c cl eaning. Renove the chem cal resistant tape fromthe backside
of the ESC, wipe the ESCwith IPA, and rinse helium holes and channels on
the backside of the ESC with JPA. Blow dry the ESC, including the helium
hol es and channels, with nitrogen supplied through a hose or soft-tipped
nozzle. Move the ESC to a Cass 100 C eanroom and place it under a heating

| anp or bakgeiding Prodlss B beetekRRed OLs 0 batlRideas padidssivhfeys wiibcdnBCt t 0 cool
to 50-600C. Measure surface particles on the ceramc surface, for exanple,

with a QI {epurfSerdfdeeESErthe smdamalesstingss oPthetifolf drsisshie byt

Li ver nore, CA@L@(f angle 2 jcl'she procedure of Exanple 2 is simlar to the
procedure of* Q%Pg RIOCESR&ver, cleaning times and cl eaning conponents nay
vary, as indicated by Exanple 2. Protect electrical contacts on the

backsi de of the ESC and wi pe the ESC with | PA. Soak the ESC in 30% H20
solutio for 20 minutes and w pe the 7@t ¢ surface with a lint-free

cl eanr oonpwipe—tf—mecessary, 't.””‘”i)o'kﬁcai starns by carefulTy using g
3Mtm whjte Scotch Brite or a fi n&llépazilg(\sand paper) can be used. Rinsg the
ESC with UPWfor 5 m nutles_and blew 5}’1 exXcess—wal et w:r* b—frtered
ni trogen. | Soaklementsc ijn Eibg f qr 2d W nut es?soeﬁ?‘pte {he TREd d; :‘}éo‘gt!l
lint-free Cleaning | Extraction | Extraction | Extraction | Extraction
Aluminum (Al) 540,000 260,000 82,000 85,000 82,000
Antimony (Sb) 58 18 0.58 0.66 0.55
Arsenic (As) <5 5.7 <5 <5 <5
Barium (Ba) 61 140 38 48 39
Beryllium (Be) | <20 <20 <20 <20 <20
Bismuth (Bi) <0.5 <0.5 <0.5 <0.5 <0.5
Boron (B) 9,500 5,500 1,700 2,400 2,200
Cadmium (Cd) 4.0 1.9 1.3 <1 <1
Calcium (Ca) 100,000 45,000 22,000 31,000 29,000
Chromium (Cr) 32 <20 <20 <20 <20
Cobalt (Co) 38 13 <5 9.8 8.9
Copper (Cu) 330 160 23 <10 <10
Gallium (Ga) 63 41 9.9 16 15
Germanium (Ge) <2 96 190 210 64
Iron (Fe) 4,000 4,500 830 1,200 1,100
Lead (Pb) 42 7.1 0.80 0.89 0.71
Lithium (Li) 230 170 56 70 74
Magnesium (Mg) 120,000 92,000 37,000 40,000 38,000
Manganese (Mn) 65 29 <5 15 14
Molybdenum (Mo) 13 54 15 22 21
Nickel (Ni) 200 140 42 <10 11
Potassium (K) 4,100 700 170 290 300
Sodium (Na) 17,000 6,700 2,300 3,200 3,000
Strontium (Sr) 51 37 17 21 18
Tin (Sn) 68 6.5 <5 <5 <5
Titanium (T1) 43,000 46,000 11,000 13,000 13,000
Tungsten (W) 300 1,100 270 380 380
Vanadium (V) 9.2 <5 <5 <5 <5
Zinc (Zn) 1,900 1,700 72 30 32
Zirconium (Zr) 470 2,000 110 150 140
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cl eanroom wi pe, rinse the ESCwith UPWfor 5 mnutes, and bl ow of f excess
water with filtered nitrogen. Place the ESC on a fixture, with the ceramc
surface fwoingpr/dasaward. W pe the ceram c surface w th &Clriuskeosnero4

cl eanroom wi pe and a solution of HF: HNG3: H20 (in a ratio of 1:5:50) for a
maxi mum of 30 seconds. A 3Mtm white Scotch Brite or fine pad can be used
with the solution. Rinse the ESC, including all of the lift pin holes and
hel i um supply hol es and channels, with UPWfor 10 m nutes and bl ow of f
excess water with filtered nitrogen. Wth the ESC faci ng downward on the
fixture, wpe the ceramc surface Wgldgled kAt -free cleanroomw pe and a
solution of 2.38% TMAH at roomtenperature tor 5-10 m nutes, dependi ng on
the degree of fl| GeblesEV-0dpuevids KiPMS cldmecnigGudascavncerstatibae, 1BVoi di ng
contact of {he netal se w.th the ution.. Rinse the ESC with. UPWfor 5
i nut es andatﬁpjgwnbzsforg%gggfmté?%ﬁ%s %’?tﬁtp&‘)&o ?ﬂ%tarfgaég}?.wﬁ\g’mgt he ESC
fromthe fiytdgess. and soak the ESC in a solution of NHAOH H2Q2: H20 (in a
ratio of 1:7:8) for 20 mnutes, wipe the ESCwith a lint-free cl eanroom
wi pe or B3Mtn) white Scotch Brite, rinse the ESCwith UPWfor 5 mi nutes,
and bl ow off excess water with fil terlea%leq\;rogen. Pl ace the ESC facing
downward on the fixture, wipe the ceramc surface with a lint-free

cl eanroom wi pe and soljut i oEl&hediChH2O2: HRg2-(I n|a r@pgto of | 1: 2: 10) for a
maxi mum of 3 minutes. |A 3M Em Whl te Smgmngr it ecgaﬁu{ge used with the

s_ol ution. R nse the ESC, Alhgﬁﬂiﬂl@ al T of56b"r(1)@0‘ el UM ATEh S and channel s,

wth UPW Antimony (Sb) 270 10

Arsenic (As) <5 <5

Barium (Ba) 99 41

Beryllium (Be) 99 <20

Bismuth (Bi) <0.5 <0.5

Boron (B) 3,500 <200

Cadmium (Cd) 6.1 <1

Calcium (Ca) 56,000 450

Chromium (Cr) 85 <20

Cobalt (Co) 540 <5

Copper (Cu) 200 19

Gallium (Ga) 11 <1

Germanium (Ge) <2 <2

Iron (Fe) 40,000 140

Lead (Pb) 28 3.8

Lithium (Li) 110 <20

Magnesium (Mg) 35,000 360

Manganese (Mn) 100 <5

Molybdenum (Mo) 21 <2

Nickel (Ni) 640 <10

Potassium (K) 27,000 <50

Sodium (Na) 63,000 260

Strontium (Sr) 32 <2

Tin (Sn) 76 <5

Titanium (Ti) 13,000 240

Tungsten (W) 96 <2

Vanadium (V) 34 <5

Zinc (Zn) 3,100 120

Zirconium (Zr) 84 1.5
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for 10 m nutes and bl ow off excess water with filtered nitrogen. Munt the
ESC in an ultrasonic tank filled with UPWat roomtenperature and clean the
ESC for owormowusess R nse the ESC with UPWTfor 5 m nut epcarus2isoveof f
excess water with filtered nitrogen. Renove the chemi cal resistant tape
fromthe backside of the ESC, wipe the ESC with I PA and rinse helium hol es
and channels on the backside of the ESC with I PA. Blow dry the ESC,

i ncl udi ng the helium holes and channel s. Move the ESC to a O ass 100

Cl eanroom and place it under a heating lanp or bake it in an oven at 12Q0C

for 90 mnutes and allow the ESC to cpale VMeasure surface particles and
surface roughness on the ceramc surface, Exanple-3-—Fab |1 provides EDS

el emental surface conposit Edemednal ysi s Pesul t s f oFo8f- usefl ESC bot h pri or
to and after the wet dl eani ng process. Clgandngge" ¢lepBing tH 3 rel atively
| arge area of the ESC [cepamigusUpce, e.8§0,000mgni fitabdbn of 200 tines.
Accordingly, some cont amARaRiony T89) not be detggted in the) "average.” In
contrast, "parti cle" rpef Eﬁse{u(?: (AR VI dual pakk| cles or &rpurities on the
ceram c surface of th Nl (B T TgTEt ak gegr|ticles @go el ectrode
particles. Table Exanp iy provides[{CPVE &l epgntal surface
concentrations (x 1010 aﬁ?&éﬁ%@e} of—a—usedESCboth Lor to and after
the wet cleaning procekss. Bisgsaih (B | o ref er Lot a Broctdd wherein a
chenical etching sol utj on BereagBli ed |to t hd,300 3,600
Cadmium (Cd) <1 <1
Calcium (Ca) 1,100,000 2,200
Chromium (Cr) 1,200 130
Cobalt (Co) 46 <5
Copper (Cu) 38 50
Gallium (Ga) 17 10
Germanium (Ge) <2 <2
Iron (Fe) 7,900 510
Lead (Pb) 3.7 19
Lithium (Li) 82 <20
Magnesium (Mg) 38,000 2,400
Manganese (Mn) <5 <5
Molybdenum (Mo) <2 <2
Nickel (Ni) 87 <10
Potassium (K) 790 64
Sodium (Na) 4,300 700
Strontium (Sr) 630 6.5
Tin (Sn) <5 <5
Titanium (Ti) 5,300 1,200
Tungsten (W) 260 26
Vanadium (V) <5 <5
Zinc (Zn) 97 560
Zirconium (Zr) 180 17
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ceram c surface of the ESC in order to dissolve surface contamnants into
the solution. The solution is then collected for |ICPMS anal ysis. Thus, the
initial swofa@®eeat am nati on | evel nay be determ ned, @&sTwskéosasg22vhe | evel
of contam nation after the wet cleaning process and the efficiency of the
wet cl eaning process. By repeating the extraction process several tines,

t he endpoint of the wetcleaning process nmay be determ ned. As the backside
of process wafers will contact the surface of the ESC, the surface
cleanliness of the ESC is desirable in wafer nmanufacturing processes. Table
| 1l Exanpl es 5-7 Tables IV-VI provide +4pMsrel enental surface concentrations
(x 10110 atoms/cnR) for _three different used ESCs both prior to and after

the wet cleaning process. Fdahent VOO%/ 04P284 Tgbl ePgdabl e VI The ceranic
surface layer of the ESC cl eaned accor dilegnih® TabCRahiigras titani um doped.
Wi |l e various embodi ment aniamami@gn descrishgdo [T 155790 ¢ under st ood t hat
variations and nodifi catiaQfsg YsBE Tesor rTed; kg as wti; g apparent to
those skilled in the art~ il (L(\Ajl—atl ons—ang modificatipns are to be
considered within the purytew segpe—ef—theetatns—appended
heret o. CLAMS: 1. A net hodﬂ%%vé)qi—mg—an—el—e&g tic ehlick useful for
pl asma etching of a dilel Berlhivmn(Bobr {on a s&#donduct oF2@ubst r at e, the
chuck including a cer ani cBisoutingd) <0.5 <0.5
Boron (B) 1,300 1,300
Cadmium (Cd) <1 <1
Calcium (Ca) 2,800 1,800
Chromium (Cr) 700 280
Cobalt (Co) <5 <5
Copper (Cu) 90 36
Gallium (Ga) 8.8 9.6
Germanium (Ge) <2 <2
Iron (Fe) 580 490
Lead (Pb) 6.4 15
Lithium (Li) 39 <20
Magnesium (Mg) 2,400 2,500
Manganese (Mn) <5 <5
Molybdenum (Mo) <2 2.0
Nickel (Ni) 33 <10
Potassium (K) 190 110
Sodium (Na) 1,500 700
Strontium (Sr) 7.5 3.7
Tin (Sn) <5 <5
Titanium (Ti) 1,800 1,600
Tungsten (W) 43 78
Vanadium (V) <5 <5
Zinc (Zn) 380 140
Zirconium (Zr) 19 35

The ceramic surface layer of the ESC cleaned according to Table IV was

titanium doped.

While various embodiments have been described, it is to be understood that
variations and modifications may be resorted to as will be apparent to those skilled
in the art. Such variations and modifications are to be considered within the purview

and scope of the claims appended hereto.
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on which the sem conductor substrate is supported during the etching, the
nmet hod conprising the steps of: a) contacting at |east the ceram c surface
of the chwokosddashesusopr opyl al cohol; b) contacting at | eastustévs/oerpam c
surface of the chuck with a dilute acidic solution conprising a
hydrofluoric acid and nitric acid mxture and/or a dilute acidic solution
conprising a hydrochloric acid and hydrogen peroxide m xture; c¢) contacting
at |east the ceram c surface of the chuck with basic solution conprising
hydr ogen peroxi de and amoni um hydr oxi de; and d) subjecting the chuck to
ul trasoni c ¢iggmigg; wherein contam nants are renoved fromthe ceramc
surface of the chuck. 2. The nmethod of Claim1l, wherein the contam nants
are sel ect ed from mh’élogloﬁubamngsnstactrgstaic dethlibdfol ﬁorrplasmaleemngmfgzanl c

i mpurities, el ectrode i silicon particles,

L
surface par e(lfT glg aﬁ?f q@%%?b%ﬁ%f%??? gﬁ@oﬂlerlggrl of HS O FIHPICEUERSH 2,

wher ei n t he o ki ihs s@mié%ﬁ&h&(ﬁ‘%ﬁﬁstpa”t@ié's rbédl&ﬁﬁﬁgfﬂ%r etél&iﬁg%é e
sem conduct or substrate during plasma etching of dielectric layer on the

sem conddct 6PpLHBE thetséepstofie used check cont ai ni ng fluoride inpurities .
selected fromth 0 ng of .alu fluoride, .titani,um fluori de,
and conbi nat i onsg% %éfr?tggn% ﬂ%%%ghgggra%l%sg@c? gggl #’ﬁ‘ék Fﬁ%‘éfﬁpﬁ 31‘1urt her

conpri si ng akohelgti ng the ceram c surface of the chuck with tetranethyl

ammoni um hydroxi de so as to _rempve fluoride inpuritie
y cti) ) contacting at least the ceramic surface ortnt)he chuck w1th a dilute acidic

solution comprising a hydrofluoric acid and nitric acid mixture and/or a dilute acidic
10 solution comprising a hydrochloric acid and hydrogen peroxide mixture;
c) contacting at least the ceramic surface of the chuck with basic solution
comprising hydrogen peroxide and ammonium hydroxide; and
d) subjecting the chuck to ultrasonic cleaning;

wherein contaminants are removed from the ceramic surface of the chuck.

15
2. The method of Claim 1, wherein the contaminants are selected from the
group consisting of metallic impurities, organic impurities, fluoride impurities,
electrode impurities, silicon particles, surface particles, and combinations thereof.
20 3. The method of Claim 2, wherein the chuck is a used chuck previously used

for supporting a semiconductor substrate during plasma etching of a dieleciric layer
on the semiconductor substrate, the used check containing fluoride impurities
selected from the group consisting of aluminum fluoride, titanium fluoride, and
combinations thereof on the ceramic surface, the cleaning further comprising

25  contacting the ceramic surface of the chuck with tetramethyl ammonium hydroxide

so as to remove fluoride impurities.

4. The method of Claim 2, wherein the chuck is a new or used chuck previously

used for supporting a semiconductor substrate during plasma etching of a dielectric
30  layer on the semiconductor substrate, the used check containing organic impurities,

the cleaning removing organic impurities with the isopropyl alcohol and/or the basic

solution.
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4. The nethod of Caim2, wherein the chuck is a new or used chuck
previously used for supporting a sem conductor substrate during plasm
et chi ng olvoaodimebmsatric | ayer on the sem conduct or substcatusomshe2osed
check containing organic inpurities, the cleaning renoving organic
inmpurities with the isopropyl alcohol and/or the basic solution.5. The
met hod of Claim 2, wherein the chuck is a new chuck containing netallic
inmpurities selected formthe group consisting of iron, chrom um nickel,
nol ybdenum vanadi um and conbi nati ons thereof, the cleaning renoving
metallic inmpurities with the basic solution and/or the dilute acidic
solution. 6. The nethod of Caim2, wherein the chuck is a used chuck
previously dsed flie meatipgsoofiClagn 3, whereindhel dutclris s ubstchatlecahiaining pl asma
et chi ng of ielectric | r.en the sem conductor. substrate, t used
check cont a?‘h‘"fé?%EC %‘P%‘H}t}eaég‘lgﬁﬁ%?‘?fmt & ST QBT HPS ‘?f{lﬁﬂlﬁ’ ﬁﬁﬁofl}lﬂ%‘r g eﬁ’ t he

cl eani ng r emlyB@niin} Adiadiitod, lad@ chABintibhk thBRoD AR Qe ing/methfi® et hod
of daim2, wherein the chuck is a used chuck previously used for
suppor t i fig AnpenEiesovithuke besig selstion and/eiihe ddutslagicimsodatidni. ng of a dielectric
| ayer on the sem conductor substrate, the used check containing silicon
particles selected fromthe group consisting of Si, Si 2, and conbi nati ons

thereof, the.cl edhtngticiafdlagn 3] Wheaoin thathickies uvdd dhutk predidudtytussgi di ¢
solution. 8. The nmethod of Claim7, wherein the dilute acidic solution
conpri ses t K& HPPRTHRE 8 SFRIcoRdICioT st dningplpgnaeighige of adirlecitie laybhg

removing si bhGRNsRALIAIBEES sMshlie! A€ uBNPLREL UthiGiR A fbride impurities

10  including titanium fluoride, the cleaning removing titanium fluoride with the basic

solution.

7. The method of Claim 2, wherein the chuck is a used chuck previously used
for supporting a semiconductor substrate during plasma etching of a dielectric layer

15 on the semiconductor substrate, the used check containing silicon particles selected
from the group consisting of Si, SiO,, and combinations thereof, the cleaning

removing silicon particles with the dilute acidic solution.

8. The method of Claim 7, wherein the dilute acidic solution comprises the
20 hydrofluoric acid and nitric acid mixture, the cleaning removing silicon particles

with the hydrofluoric acid.

9. The method of Claim 2, wherein the chuck is a new chuck containing
electrode impurities selected from the group consisting of tungsten, phosphorus, and
25  combinations thereof; and
metallic impurities selected form the group consisting of iron, chromium,
nickel, molybdenum, vanadium, and combinations thereof;
the cleaning removing electrode and metallic impurities with the dilute acidic
solution.

30
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9. The method of Caim2, wherein the chuck is a new chuck contai ning

el ectrode inpurities selected fromthe group consisting of tungsten,
phosphor w80 2a06heeabi nat i ons t hereof; and netal lic i npuPCritssoseiret ed form
the group consisting of iron, chrom um nickel, nolybdenum vanadium and
conbi nati ons thereof; the cleaning renoving el ectrode and netallic
inpurities with the dilute acidic solution.10. The nmethod of C aim?9,
wherein the dilute acidic solution conprises the hydrofluoric acid and
nitric acid mxture, the cleaning renoving el ectrode and netallic

i mpurities wth thenRidoidt Aghdo, wWikreid B8 &R&@&Qdigfsoﬁti%h%%p '!%Etﬁ@' n the
dilute acidic solution conprises the hydrochloric acid an Hy rogen

per oxi de mi kydro8yoridwsid hrebmingpalémpvtinegthelcéanimgdemantgrabdcabolle end npuriti es

wi th the hydrochl oric. aci dt d hydrogen peroxide m xture. 12. The nmet hod of
Cl ai m 2, mg}ﬁﬁ&ﬁl}p TW@“EF?W&Q%E‘?’&I ‘i@é‘ﬂi ng renoves surface particles fromthe
cerami c surface and particles trapped inside lift pin holes and ot her
passages in the chuck. 13. The nethod of Claim1, further conprising

prot ectihg él.ect Themethodd 4deim Anchessip theedilupraidia gohwsive coaprigss thhhe chuck by
covering th : | s..and .bondi.n terial wth. masking material
and/ or chemﬁ%%k&ﬁéé‘% %ﬁgﬁﬁgﬁg%ééerﬁpa@ ﬁeem?%érfl%og%o caaing P ,V”\%heZ‘?c PR t he

cl eani ng cosamt mst@alid impRritedwith e iBldusdhidrie dehParidsiofdiOmmlpetdxe@hdixtutehe basi c

solution, and/or water during the ultrasonic cleaning.

12.  The method of Claim 2, wherein the ultrasonic cleaning removes surface
10 particles from the ceramic surface and particles trapped inside lift pin holes and

other passages in the chuck.

13. The method of Claim 1, further comprising protecting electrical contacts and
exposed bonding material on the chuck by covering the electrical contacts and

15  bonding material with masking material and/or chemical resistant tape.

14.  The method of Claim 1, wherein the cleaning comprises immersing the

chuck in the isopropyl alcohol, the basic solution, and/or water during the ultrasonic

cleaning.

20
15.  The method of Claim 1, wherein the chuck is a used chuck previously used
for supporting a semiconductor substrate during plasma etching of a dielectric layer
on the semiconductor substrate, the used check and the cleaning comprises cleaning
the ceramic surface with a scouring pad.

25

16.  The method of Claim 15, wherein the scouring pad removes polymer buildup

on the used chuck.

17.  The method of Claim 1, further comprising testing performance of the chuck

30  inaplasma etching chamber before and/or after the chuck has been cleaned.
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15. The method of Claim1l, wherein the chuck is a used chuck previously
used for supporting a sem conductor substrate during plasma etching of a
di el ectriwol2a968r6030 t he sem conductor substrate, the usedTalse@is/osards t he

cl eaning conprises cleaning the ceramc surface with a scouring pad. 16.
The met hod of C aim 15, wherein the scouring pad renoves pol yner buil dup on
the used chuck. 17. The nethod of Caim1l1, further conprising testing
performance of the chuck in a plasma etching chanber before and/or after

t he chuck has been cl eaned. 18. The nethod of Caim1, further conprising
anal yzi ng the cerggingiisdd & i dOniRisnheliRYi g%ﬂ@p f ound
on the ceram c surface bef%lgmgg’d%g%g%fter "t e Eﬁ{aza .ﬁ%e 9. faa%ﬁe&t hod of
Claim 1, condpletminggvhsihspoentaminanisare fruok onthecdrimicsuelavd béfotermmdioer ani ¢
surface fachﬂgﬂggmgyard while wiping the ceramc surface with the dilute
aci di ¢ sol ufion af F%Pgtetranethyl ammoni um hydr oxi de. 20. The net hod of
Claim1l, conprising contacting at |east the ceram c surface of the chuck
with a dilute acidic solution conprising a hydrofluoric acid and nitric
aci d m x? ur d9and The mathadoofLclpim ¢, eommuisingrsupperting shenchugk by al fisind withc aci d

d hyd i i ) T, . hod pf dai.m1.. wh i t b
ol owar o0 Ik Aol B dofhual \TPMIRE: b oitaliCbirgalnflelg 5 5P 5L
An el ect r osdilbiecaciifusttutidnemidast teemutay RgrehithayiRxied of Caim 1.

20.  The method of Claim 1, comprising contacting at least the ceramic surface of
10 the chuck with a dilute acidic solution comprising a hydrofluoric acid and nitric acid
mixture and a dilute acidic solution comprising a hydrochloric acid and hydrogen

peroxide mixture.

21.  The method of Claim 1, wherein step b) follows step a), step c¢) follows step
15 b), and step d) follows step c).

22.  An electrostatic chuck cleaned according to the method of Claim 1.
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