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BACKGROUND An eI ectrostatic chuck (ESC), a conponent of sem conductor

pr ocessi \g |a‘i)ment such as plasna etch chanbers, A ,for

t ransport HQOOGW 124t ng and/ or tenperature control of a ‘senm conductor wafer or
gl ass substrate (i.e., flat panel display) during processing, for exanple,
in a chem cal vapor deposition (CVD), physical vapor deposition (PVD), or
etch reactor. ESCs often exhibit short lifetines resulting in failures

i ncluding, for exanple, dynamc ali gnrrent failure, 10 high | eakage of helium
cool ing gas between t m PRELt ed substrate,

i ncreased dechucki ng -+ t sEEHERR0 the ESC or
dechucking failure. The ear| y failure of ESCs can cause substrate breakage,

i npact throughput, lead to particle and defect issues, and increase

owner ship costs of plasm pr ocesWnt i ncor porating such ESCs. 15
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cl eani ng, whereby con nants are. renove e ceram ¢ surface of the
~chuck. Whenhigh mhage@fhe]mmdocdmgcgas petevinchs E§Cusé thefundessideppdnt i ng a

sem conductor substrate durin et chi o] el ectric. layer on the
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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
i)eroxi&e and ammonium hydroxide; (c) a dilute acidic solution that comprises a
hydrofluoric acid and nitric acid mixture and/or a dilute é.cidic 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



DETAI LED DESCRI PTI ON A non-destructive and sinple nmethod for cleaning ESCs
conprises a wet cleaning process, which does not require stripping or at

| east par @ oodiegRYal and redepositing a ceram c | ayepcopmsio§odzBe. The wet
cl eani ng process conprises 5 cleaning the ESC with organi c solvent, basic
solution, optionally tetranmethyl ammoni um hydroxide (TMAH), and dilute
acidic solution, as well as ultrasonic cleaning. Scanning El ectron

M croscopy (SEM and Energy Di spersive Spectroscopy (EDS) analysis of used
ESCs reveal s deposition of contam nants on cerami ¢ ESC 10 surfaces

foll ow ng etching. The contanmp@yi.EprgeRIPEION f ace characteristics of
the ESCs and cause early faillre, as ESC periormance greatly depends on the
cleanl i ness of EZCnendssaweiive andsimple mﬂ@dmrmanmﬁtEﬁ(B@pwnS®dw ESC
surfaces du | el ectric
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and conbipations t l\/bres cifically,. | es of fluoride
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chrom um nickel, nol ybdenum vanadi um and conbi nati ons t her eof; exarrpl es
of el ect rodéeﬁnmﬁurl ties include, tungsten, phosphor us, and conbi nat i ons

t hereof; 20 exa i Si 02,
and conbl nations ?ﬁm?%EF%anﬁﬁ %étﬁé@ﬁ)répﬁ%’féﬁ% Dls%’( rs&%sggr)cérgsctoﬁ t new ESCs
can be pr eCO(m]DSf)IaTMlyﬁs o%ﬁmddESéﬁlrdEzf&(Isdmubﬁofagmnaﬂs glycahmﬂmsm thg
contam nants resul ti ro ufacturi or p05|te on the, ES uring
etching tb r&f esyfoloping gichivec 1h8 poarEIay Clbgn e ShTTscq AATIEIeRSR 6 process.
25 As used h@eekQs aHd@iu@&&a[rlnyaﬁﬁgsas erfoﬂnﬁm%@%rédﬁ deperadbetRet ric etch

processes such as plasnma etching silicon oxide and Towk materials. An
exenpl ary mlgqrwég@qspéEEg@utfmscgmng&e qenisprngnisyiepesited og ESCamwolgbesed or
non- anodi zed r 0

sem conduct o(rhﬁmg%&g@t Uﬂtné suc c%‘gkgoﬁla?&msgc} ot dﬁeﬁ‘&%%@(%% AA% exarrpl e, the

ceram c sur fatgmﬂ&;tpﬂhﬁp,rmaelhanﬁpmt&s dﬁoh&nmq&hﬁeﬁ&lecﬁﬁw infpufilesy patt erned
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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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-2 WD 2006/ 060234 PCT/ US2005/ 042294 based material containing conductive
powders (e.g., alumnum silicon, or the like). The netal base,

appr oxi mat eloyods/dsoizaches thick, typically includes RF a f eeds,
through holes for lift pins, helium gas passages, channgels‘/%(gp%g#ﬁer ature
controlled fluid circulation, tenperature sensing arrangenents, and the
like. 5 ESCs are typically either Coul onbic or Johnsen-Rahbek type.

Coul onbic type ESCs use a dielectric surface |ayer having a higher

el ectrical resistance to generate coulonbic electrostatic forces.

Johnsen- Rahbgk. ¥be:iEYchminthl Ghdadive BowR&eYd £ Calindhe! sflobf Idr@Rijaled.C C! anpi ng
forces for a %vver gpp%glﬁgb%gol t age, @'?vlvl i.rzg Qi a()V\BI: résslﬁgrtsﬁdncg%i e? ectric
surface | ayeTis meishbans, app@naicipéd ingheh thicko typécaliyrcindes R afid B powaror di ng t o

an enbodi nmen t he ceram iel.ectri.c |layer of a, Joh n- Rahbek type ESC
may " conpr | selbi i Bl EHRS polit 6B Slos SabB 6 mpRRANR Y PD
amounts of Mgftroffed fldid cirbflatich) ebndyigratde sl Afta @nAB] ALY the @RQI0di ment, for a
Coul onbi c_type ESC, the ceragm ielectric layer _nay conprise 15 greater

il

than or ejual to 15%0s g Hpica gpﬁf‘i‘%ﬁfc@mw&o@?ﬁe{lﬁ@l FriyBi CoHemBic t he

ceram c | ay : b vl onsi der ed
cont arm nan STPoEBE Fareaieis S leysh g ey BBfer RO AkalB 600
cont am nant sgenstatdhcomdonphec ellectpestatic doress. dolihsen-BableldppqRS@s, whinh ofteng. |

tungsten or ol ybdenu re ..prefera renoyed from.the surface of the ESC
by the wet Cprgg%ilegxbghs%gcggo t.augﬁlg@g%?ﬂﬁ%ﬁsalﬁfg OS‘YFéﬁP@ cd 'y gc?ge& l e, organic
inpurities, ISebtdsistantd@iblettiic 8Grfacedy@drsaheiCiy AKO, dded with, & e@plee found on
new ESCs_ whil e contam nants such as, for exanple, organic inpurities,
f1uoridelf rrp'G’rQZti es, and silicon particles, may be deposited on the ceramc

surface of used Eﬁ%r&iﬂéid%éi‘ﬁ%‘dﬁﬁ itﬁe@err%mcﬁgelec g a%,%?mggﬁ%%ﬁ_ of the wet

cl eaning process, I.e., organic solVvent, basic sol ut , tional TMAH,
di | ut e aci di Balshektypedif(; may donoprise4%nAhOg, 14808107 1 “sEO2eandl % &labyes specific

contam nants_that, may be fo .Geram ¢ C surfaces. For exanple, the

i sopropy! al E’SﬁﬁT“qu)éﬁ}O“E{fé’&};Rg%cgﬁf’gﬁrﬁﬁﬁn‘fgﬁ% cor t(?iaPP@‘SIii on C41-1 101A
Grade 1 or behb&lithestefor @ ToulbniRe e ESCIMB céramitddiElette fayer MBY t@mprisel S
contenpl ated that other organic saolvents may be used, acetone is 30

pref er ably agiptgetan geeqabio e Al aThuscdererdingarths sampagjtiomeldhe al |

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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The basic solution serves to renove organic inpurities, metallic inpurities,
and titaniumfluoride. An exenplary basic solution for use in the wet

cl eani ng @916/ 060234 PCT/ US2005/ 042294 pr ocess pagiissasmMzbae hydrogen
per oxi de 2VH202 (30% sem conductor grade, conformng to SEM Specification
C30- 1101, Grade 1 or better) and ammoni um hydroxi de (NHA0H) (29%

sem conduct or grade, conformng to SEM Specification C21-0301, G ade 1 or
better). Hydrogen peroxide is a strong oxidizer with a high 5 standard
reduction potential. The hydrogen peroxide can react with netal to form
metal ions | @gjr@ b d hydrogen

per oxi de, V\A”P}?:%GQ% S?%g&i&é{ifd%%%’%ér@ﬂd@ﬁi% G{Mg&@ég% Og ragg’uctl on

pot enti al ofconfoyatimgfe SEMEr spmaeauos\cspaum,c@mgw eﬁbet&?}m@m@lWGV (versus

ryor ogen_ perBares hHHORD B Hntcopfbianetite’ | MaRifs LM MRIRRREE 1 (L

(CJ)u ?Lﬁg) S, \Z/ersajﬁl -G&H) gﬁighg AeTd). Lmqydwgelrn(perdi&ieqaastfr@tgm%mvﬁmhamgb s]chch as
+ an 1 C | ities ] nhce e .use O
hydr ogen er%%da’g %ﬂah@aae@nuaioTHE Jé@ﬁﬂfﬂ&&@ {CamFeag) With metbtafora i ¢

surf aces, 'tmetanoﬁ@ﬂkttﬁ@wéé]@barsﬁ%mﬁgﬁ Bfﬁﬂn&hm%%ﬁl%%?de%&% %E&p of et al s
after previous chem cal cleaning of ESC ceram ¢ surfaces or exanp t he

st andard r edeesedids whithds stable ableast op e 70°Cs Thegtandard geductin pertial-o) 337v
(versus SHE) nd the reduyction potential of siliconis: Si + 2H20 + 2H+ +
2ot = orp0  GEen poRRidER) (versus SHE). -4 WD 2006/ 060234

PCT/ US2005/ 042294 Thus, silicon can provide electrons to Cu2+ to form
copper rret al, which can be absorbed on,the ESC ceram c surface. Hydrogen
peroxi del®an’ renove el ectrons FeGnt 2H #2681 2819 owi ng copper to form

Cu(NH3) 42+, whi ch ca NEDE 117EB0(GElsus standard hydrogen electrode (SHE))

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

15 HO; + H,O +2e"=30H"
E°=0.878V (versus SHE).

The ammonium hydroxide can form complex ions, such as Cu(NH;),>* 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 °=10.337V (versus SHE)

and the reduction potential of silicon is:

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



The optional TMAH (e.g., 2.38 weight% CC 238S non-ionic developer 5 from
Cyant ek, Corp., Frenont, CA) serves to renove alum numfluoride, a

cont am nang, tzwﬂﬂg‘ybe found on used FSCs. Thus, used ESCs are preferably

cl eaned with ““An exenpl ary acidic solution for use?GHUAB/RP4 c| eani ng
process may conprise hydrofluoric acid (HF) (49% sem conductor grade,
conformng to SEM 10 Specification C28-0301, G ade 1 or better) and nitric
acid (HNG3) (67% sem conductor grade, conforming to SEM Specification
C35-0301, G ade I or better). The nitric acid serves to renove netal

particles and el ectrode inpurities and . the+hydrofluoric acid serves to
renove silicon piﬁ?‘f’éﬂlgg{m vige e qf???t 2 ;%gemcgnperﬁetﬂyg&gﬁp%” c acid
with Si02 i Seabsokifd e ESE cdibific surfiod) 2H5drSidideroxidin rékbverel@tdds = H2Si F6 +
2H20 There is a | ow concentration of H and,F ions in a solution of

hydr of | uor i dronpgilieas, allepwias cepner foofprm SaNHYn - vdH embegempyed= 1.3 x 10- 3
Uiter. Th {ftr b O 3o ' | d | t
Mo i ter € Pr §58 8660l TMUH (4. .,%% ﬁrgl S_/B,'At:s@-%%g)g xF‘iBn!icO&%eloﬁ%OU resu

in an even | ower concentration o oric ac may attack
cerani ¢ Sur ffmme€yattek, Korp., penont, CA) setwgsite ssmovepbuniaimdhoeide,.ss pr ef er abl y

taken in applying hydrofluoric acid t rap c sur es. i.l.e not w shing
to be bound °8§ta¥‘§3§8¥‘$‘f‘t ey g%i‘%?f”é%e&%tsﬁgt %H]“Se u%eglcﬁt,ﬁsoaﬁe Blfe\f‘\?h{?lfl}(i c 25 acid is
effective f Qlecafi®l with TMAMEt al i on decontam nation. As nitric acid is a

strong oxidizer, it can react with active netals such as iron, nickel,
al umi num zinc, &% syemplaryacidigselutionfofisedn sheoyeliFleaBingBeress M3%e st andar d

0°957 (ver ShERHI By ARy ol (B S serbbinfis et SRR 18 SEREC. Kol ary
ﬁcijdi chlskﬁll utSpeciﬁgﬂiom%—Oaﬂlt ?Eadwétor bettea)and gritpic acid ENGaY (86 1pr i se .

i i d. (HC1 i M. i ficatl -0301, G& 2
oy et per) SRR A PO T RRE CIF BB o oo
netal | i c i nyeétterd).| TBe Aiftit iSRS renitRy frietal particlvp tidd elestride Ainp@ities af Ceram c

5 surfaces nmy include, for exanple, copper, iron,_ nickel, titanium
al umi num arihe 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,SiFg + 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-
ions. 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
25  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:

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



ot her netal particles. According to Pourbaix Diagranms (E versus pH), in
order to renove copper contam nants from ESC ceram c surfaces, the pH of

t he cl eaniwg 20@mbo284 on shoul d be maintained at |ess th%ﬂﬁsﬁmhgxo 6.0 for
Cue+ or greater than or equal to 12.5 for Cu(OH)42' and the reaction
potential on ESC ceram c surfaces 10 should be controlled at 0.50 volts or
hi gher versus SHE. Using nitric acid and hydrogen peroxide in an acidic
solution will provide an appropriate ceram c surface potential to achieve
an efficient renoval of copper. Wile hydrofluoric acid alone would not be

expected to renpVendiieRedmplatadidicwhition fdrreirihe hECcleafiAghocess wayace,

solution of nitrjc aC| d vmth hydr of | uori ¢ acid and/ qr. hydrogen eroxi de 15
wi th anmoni (PREiEe BYdr ) (roaiermipgdo §1EW(;SPP‘\’}§°%¥9B&?% pnt ani nati on
of ESC cer ar@;&d?%% @&fé? érbﬁh@srlﬁyﬁé}dl%ol'fuﬁﬁﬁ]ser{?és%?é move! t anium

etc., can be fectlv ane by a solution o ydrochloric acid and

hydr ogen permostallie lmam‘ltlasramhel&cﬂ:bdmlmpmiltlesanmlsgmmmanh omyedrapgéil ori ¢ aci d and

titaniumca gen oxi d nd t hen, d lve in a
ol i on or RS S fifladfor AMARROCRBLE SR oL Akl ALBAR,
hydrochl ori Cothéruﬂetar;ﬂrtfaysdr dgestdipgte Rowbaik Diagtan® (B véraisqi), mfcfr&a-tto ve
decont am nati on of netal and metal SSQC@ such as al um.n iron, nickel,

and copper. TPREVEETRPPLCEARIPIEHITPRE T3IRiC SPEacRR ‘?ﬂl’%égﬂﬁcj BPE8ess may
conprise a  &Pmtfon'sRollf b@ﬂjﬁilﬁé&)‘{t'léés ffah Or @(ﬁﬂl Rid.6 for et & AR harform xture of

hydrochloric acid 25 a ydrogen per oxi d The aci di ¢ solution or
sol utions us@l!llahia)ﬁlﬁdbb@s@i{)@namﬁ‘@elrgﬂp%on:not&ﬁ@l emBSE lseramimstirfacesns t o whi ch

it is supjected qurin 0 . vent damage
to'the cgdr an§h8u1 urfcgc}tgdgefi gsﬁg se‘?1r eﬁgﬁsﬂsﬁ?egggg&%?s‘% g%ﬂ‘gt hi gh power
(e.g., 3000-kmézeMperoxidetin amadific splutibewibpryvide am afproprist@ o aimis sufface
hydrofluorlc acid and nitric_acid. 30Teceram urface, of the ESC is

preferably cBeHE ckchiersan eiEcigni rgmeval e Pmmbnwaﬁaﬁ e AL whil e t he
ESC i's on a {bili%bEne eevgaae& {&%eﬁs&%ger cOahAEioh 3okl sh ﬁ%@%gcozwe of the

fixture allows cleanin the acidic solution -6 WO
PCT/ US2005/ 0st@f264} a solution/pfnitvic deislvitls ydso fiuprictaeidaindéon hypdrogai prroxide t o becone

AN X U N e

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 Johnsen-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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descri bed conponents of the wet cleaning process, cleaning of |ocal stains
may be 5 assisted by careful use of a scouring pad, such as a 3M white

Scotch Br W(f‘”zooa/_ﬂt@zﬁcou” ng hel ps to renove deposition apgussyakairbdaati on
(e.g., polyner buildup) on the ceramc surface of the ESC. The ultrasonic

cl eaning serves to renove surface particles, as well as particles trapped
i nsi de passages in the ESC, for exanple, water channels, 10 tenperature
sensor holes, |ift pin holes, and through hol es, such as helium supply
hol es and associ ated m crochannels. A particle density on the ESC ceram c

surface of bepIAlN@RhdU ddusPdithd SbLS{CBRItbA IR bAR rabfid iQ\Wafidgddldfr asoni ¢

cl eaning. Chemical attack of the bonding area of an C during the wet
cl eaning pribeESE dnd damegisg thethoadingtayer: t he corrosion resistance of a ESC

bond was 15 syst ' ' eXPR i {ferent
chemcals, with %ﬁ?@%#@’%&k#ﬂg?@lg? %{r [ nﬁ?%%%ﬁp&;_gg% %8’%‘;‘;660234

PCT/ US2005/ Odedatsbd chbmipbeents didtpwetalaaning ptidvess, clainingeof lotdlostids miBHe66C 90C
H2S04 <20./ |/ J, X HNCB <10, * >10 X HF / * *

X Acer | o Actiisied Ry deiphil pep 97y scpinggudsiph fs & FRARGpIIGS Sgoich Brfe, Mg 20 / /|

X 20-30 /' /sc¥urtng 3P0 Téfove depdsition and contamination (e.g., polymer buildup) on
the ceramic surface of the ESC.

The ultrasonic cleaning serves to remove surface 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.



10-30 * X co2/ [/ [ * IPAJ [ | Acetone 0 0 X / Excellent corrosion

resi stance or very | i ght corrosion * Depends on the type of bond materi al
used O Mayh but with considerable corrosion or danage 5 X Severe
COr r 0Si on or W?age (cannot be used) Coating the bondiFgl/4528%5/ 04230

M croShi el dT Masking Aid (Structure Probe, 1Inc., West Chester, PA), drying
for 30 mnutes, and covering with chem cal resistant tape (e.g., KaptonTm
tape or 3Mh" El ectroplating Tape #470, 484, or 854) was found 10 to be an
effective neans of protecting the bonding area. Simlarly, contact with

wat er, aqueous chem cal s, or acetone bgu&n not I PA, can adversely affect

el ectrical contacts, including cont ag? ith plastic insulators and silver
coated contacts] on the backsi de of T&mpdebareAccordingly, eleftrical

contacts and ekp%@gnd WeigRYE!| T al :@pcthe B[ GeI FogPap! y protected

by covering wt 'rﬁg@ masKing alghial angror cfier cal A epr gt ant tape As
noted above, ESE $urfaces ﬂjunzﬁum te—waper-coptgetyng-cerantt surface can
be anal yzed pri ¢or to subje ﬁyozsr ESE-po—therwet—p+HeantRg—process to
determ ne whet her contami +oung—enr—al-sthfpee—of—the{ ESC.

Addi tionally, E§ .a.nal_)zad«a.f_Ler_é J ing the ESC to the
wet cl eaning pro&® to - gl wo 20881060234 PCT/ USXO0E/ 042P94 Het er ni ne

whet her contami nants are flound o0a surf¥ce of| the ESC. Further, plasma

et ch chanber pefH® mance of the ESC can ¥e tested, pri*or|t& subjecting the
ESC to the wet | @lceiAB@d pyrocess, and preferabl yXaffer subjecting the ESC to
the wet cleani ngg@rocess.| 5 Plasga etchwng chanber|perfprmante tests

i ncl ude dechuckilng perfor nce,20_3s71(f'n asy for EXxgp| ex t|m& tp dechuck for

di fferent wafer % tTTE to HERuTk YETSUS[TOVESE otgrty vol tage
(RPV), time to eE‘ [<ver us[gl tRg—vroltage—and ti{".’et“r,ach hel i um
h

threshold (helidmrise tinmp—v -J,}e.Ld: rg—vol-t+age 4 chanber
per f or manc(e tes'tL include, .LOLQSQQ - \/D?N :2;,3 afur b o sur enent s,
HzOz <10 * X
10-30 * X
CO, v v v *
IPA v v v
Acetone 0] 6] 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., Kapton™ 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



10 dynam c al i gnment neasurenents, |-V curve neasurenents such as pol e-pole
versus current, and determ ning reverse polarity optimzation. Plasna

et chi ng aRgIhRlosddss f or mance tests indicated that afterpngis20dspanbng a used
ESC. (1) the ESC current during the |-V neasurenent was |ower, (2) the

optimum RPV shifts to a |lower voltage, and (3) the heliumrise tine results
15 i nproved. Thus, dechucking tinmes would be |ower after the clean, a wafer
can be dechucked over an extended hol ding vol tage range, and the w ndow for
optimal RPV is wider after the cleaning. ESC neasurenents carried out prior

to and/or aikRfmint RihehEr dbetahiiRarkire FRtnll B8 2 sWTiceQf @RIEST, PhrBfeSlashiac! ude
surface roughness (21 points), surface color 20 uniformty, ceramc

di el ectric €lshehampbss pefeumreoithe ESCcan be tealpd pripptasubjacting eiBSC, el ectric
et Tl ooty . yor sl anee. ‘
bator - obs i cRahibrdcEs, BAReELAN bR b AaL BEMACLSint GBI ALARGS, (1))

SEM and EDprawesl ysis for surface norphol ogy and conposition analysis, and

| nductively Coupled P asma S Spectrongetr | CP f the ESC ceram c

U f ace. S25 ExAVBIEER e RRELBRR B ROV e e JPoieEo oGRS can be
used to cl eghcHRVorBLhmplS tndt0@echudk CorllifBerél QFhidray R, fithb tSddcRidkve, but not
limting. 30 Exanple 1 Protect electrical contacts on the backside of a used

di el ectric ESEus ieHeFepRlatty vebrgedBPY ) tirehtosieetirck yersusholding veltagedandi | ver

coat ed cont i ] r . 4

PCT/ US2005/ 81%‘}85%:% a;e)le. glrr‘gs?élgt(ﬁ%( po@%’tcfl %@%&%ﬁﬁgﬁ{g%ggge atFu{tH%r edge of the
ESC, i medi ahahlerpetformantditests dchuderfos exdngpdes wafty esmpdiyturzaatdsgmietrs, bondi ng
material, with McrqShield Mskin Q%d, drying for 30 mnytes, and covering
with chdfli c4ynymis; %ﬁ@t%@rewﬁgé- FHEVEgeasyfemients SPP%WQLie'H@Fé’ﬁ’iSESed vat er

(UPW  resi stoiMbdtYand dbiriYRIME revers&p@iritd eptimiz@fior> M nutes, bl ow off excess
water with filtered (0.05 to 0.1 n) nitrogen, soak (imerse) the ESC in | PA

for 20 minutes, XirsmaictshinglebamBe prifotmance feptsindicated thateadior wolednpg.a Soak t he
ESC in 30% HeOPr&e! ¢ 1n@Estbur dE uRT-* Rt alrBGerdt Was S5 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
RPYV 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
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surface with a lint-free cleanroomw pe. |If necessary, renove |ocal stains
by 10 carefully a SMIMwhite Scotch Brite. Rinse the ESCwth UPWfor 5

m nut es anwo 2obeméoshf excess water with filtered nitrog ' ESC with
| PA using a lint-free cl eanroom w pe, rinse the ESC Wtﬁ(‘f‘rﬂgﬁ)’.’\([)\/@s?og?fﬁg m nut es,
and bl ow of f excess water with filtered nitrogen. Place the ESC on a
fixture, with the ceramc surface facing dowmmward. Wpe 15 the ceramc
surface with a lint-free cleanroom w pe and a solution of HF: HNO3: H20 (in a
ratio of 1:5:50) for a maxinum of 30 seconds. A 3MIMwhite Scotch Brite can

be used wi t Rapd)epréetitixpoied bBhdifEembRfaleSthe ddg@bmlb Escain!]mgdla&mewl um hol es

and channels with UPWfor 10 mnut es and bl ow of f excess r wwth

filtered ni tth@g@mqmrfncqlh@rmomaﬁthg mma@nwmmmmme wi pe the
ceram c surf e .Gl QR n of

HCl : H202: Hz&q%ﬁ“ﬂﬁa raf o f’}w{i’”%‘fs i oA w%&é@gesﬁ%'ﬂt A8 2 aMrm

whi te Scot ch Bri tRinseathe BECwwithdultnepiuine ddienizad|weterd VP W,Resigtivitytrel 886hmi ncl udi ng
all of t hel i and ch nne r i nut es .and bl ow of f
excess Wztllite er W%&% H%‘B“‘ﬁ? ex‘W?WqF ‘%g%erpégg) Rg]t%@mrd on the
fixture, w prbfa, RKT mxﬁerssgm@@@cmmmfoeﬁomﬂmt aild WHethEBIC @ani pe and a
sol ution of 2. 38% TMAH f or 10 m nutes depend| ng on the degree of

fluoride dedﬁTf{qeﬁl?an@O@i‘ﬂlPPrg contact of the netal base wth the solution.

A 3MIM whi t e Scotgfic 0 S (ﬂﬁuﬁ Emict e ESC with
UPWfor 5 m nutes an?idbllf‘ fng%dg%%Sut%Ef@‘riwt ngs%t er edﬁﬁutrogen Renove

t he ESC f r onsurfaee Mthaﬂmeframdeamadmwnm ES@cessary, molave ilamal si&in8By H202: NHACOH: H20
(inaratjo of 1-1: or, .2Q m nut.es, .w E i t-free

¢l eanr oom vvicp%e%py% W?gc%fg#&'ﬁe M?"g[ﬁe ﬁgﬁwaﬁﬁg‘%ag\% P for 5

m nut es, andp]BWHF éxicbssevats SHthateesd Mirbdenf 1 | tered nitrogen. -10 WO
20061060234 PCTI US2005/ 042294 Pl ace t ESC facing downward on the fixture,

with the ceranic YinertheES @%%Ad@mwdmﬁewb@ﬂ@%vea%mset@'ﬁslca%hW| th a

lint-free cl g;_ig%% (in aratio of

1:2:10) for g??rfa%?%fr%hgqfs %@gggoﬁgé&%&%ml\%%lge 03{6% ‘Brite can be used

with the sol uti onPladiths ESCloa afBre, with thd icergméic surfacofacingeloweivardnWipees and

channel s, Wi 1 ol SkedOuth D R e D Al s $ 6 Ron UPHE WL O T er e
(in a 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 HCI:H,O2:H>O (in a ratio of 1:2:10) for a
maximum of 3 minutes. A 3M™ white Scotch Brite can be used with the solution.
Rinsé 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  alint-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,:NH4OH:H,O (in aratio 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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Renove the M croShield Masking Aid fromthe edge of the ESC using acetone
and cotton swabs. Move the ESC to a Cl ass 1000 Cl eanroom and neasure the
roughness wah 2dobesogsar am ¢ surface with a surface roughness/usembsmes2294such as a
10 Fow er Pocket Surf (Fred V. Fower Co., Inc., Newton, MA). Mount
(imrerse) the ESCin an ultrasonic tank filled with UPWat room tenperature
and clean the ESC for 60 mnutes. Oient the ESCin the ultrasonic tank
with the ceramic surface facing downward, but supported above the bottom of
t he tank. The ceram c¢ surface should not cone into contact with the tank
during the ul traslededhe:ESﬁrﬁomdméodﬁeﬁhauqhatﬁmabemsmtﬁc& tape from

t he backsi de.of the ES he ESC and, ri nse helium hol es and
channel s on faﬁé‘gﬂa\‘%ﬁfge V@d‘ﬂ’g ’ﬁe VVF; algt-gggpa}ewoplﬁémgg@c{% ncl udi ng

the helium hﬂﬁ&n@fﬁ(ﬁ%@ﬁﬁéﬁﬂﬂaﬂo Bf 1:0Q0Pfor 8 WRRih&d Jf hbgé&ﬁd@ Ahose or
soft-ti pped nozzle. Myve to a Class 100 C eanroom and place it under

a heating | awﬁthSOQtdkBﬂtqcanﬂ?e usedovitivihe solutkac Rigse @@Eﬁﬂnuwbldmand al | ow
the ESC to c

surface, ?orﬁg{)(féhgpéwgﬁﬁs ad@?‘kﬁ%ﬂw urfaf&qg aéﬁaﬁ&;% ?%]ent agon
Technol ogi eswatbrwxihlﬁitelednﬁ%)gsnExarrpl e 2 25 The procedure of Exarrpl e 2is
simlar to the pr cedur he cl eani_ng s and cl eani ng
conponents may Vv ?no‘%st? T’rggﬁg@ WS@W%O@‘%?%@@@&G ﬁeﬁl’i‘%al contacts
on the backsidindfnd beicaSasn Mk BE 1E5C1si 0N CRAoSHAkd bl kSC I N 30%

H202 solution for 20 m nutes and wi pe the ceramc O surface with a
lint-free cl&ameugbnesgiopthe cptarmew@gawsth aﬁ@ﬁ@@éﬂ@@@ﬂs testex wshbya careful |y

using a it r enR e used. -11
VO 20061 oz%“@@‘f‘t‘ﬁ%%@b’é%%ﬁm’aﬁ éi“?h %%’8 ﬁﬁ?’h 1@%@\?{ i %Binut es and
bl ow of f excBES6 imad eltravdnidtahk fifled with URW siao@n tenﬁmdstuﬁefdeB& thie BIA for 20
m nutes, w pe the ESC using._a Lint-fr cl eanr og rinse the ESC with
UPW for 5 0SS che Sepeaiis e £ PTG FBIFRR 1 ogen.
Pl ace the ESfcmg d@whivitd) bt suppdridlabsveaBE Botiotn Stthé 86R. fTa6 b&&nﬂ:@%ﬂ&{ d. Wpe

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  orbakeit 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 QII®+

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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the ceramc surface with a lint-free cl eanroomw pe and a sol ution of

HF: HNC3: H20 (in a ratio of 1:5:50) for a maxi mum of 30 seconds. A 3M white
Scotch Br W(F 0B/ cobdsN€ pad can be used with the sol uti orcTrRspwsodber ESC,

i ncluding a f o? the lift pin 10 holes and helium supply holes and channel s,
with UPWfor 10 m nutes and bl ow off excess water with filtered nitrogen.
Wth the ESC faci ng dowmmward on the fixture, w pe the ceramc surface with
alint-free cleanroom w pe and a solution of 2.38% TMAH at room t enperature
for 5-10 m nutes, depending on the degree of fluoride deposition on the ESC

ceranic 15 sRifiseeks ES it URWHNS afidutéfand BRWESHE skcebawaretvvith filthed sol uti on.
Rinse the ESCwith UPWfor 5 mnutes and bl ow of f excess water with

filtered nitMBEEL Renpve the ESC fromthe fixture and soak the ESCin a

sol ution of NHAOG HRHE: @i Bhinfte®fwide #n : dautes, wpe the
ESCwith a li nt-fOrdge (g:#ggﬁ}lc])%gnf%%e o?tegwﬁ%}%esﬁgdsg%%%ﬁlﬁﬁée, rinse the
ESC wi t h UPWcleanrom@ipesi ninse dw, ES(hwith [URW &drfS minptes,sanddd ey offiextes§ hteer ed

ni trogen. (Pl ac SC facing downward on the fixture, w pe the ceramc
surface \%n t Wlﬁ':#l?eﬁ?@%%%enm eanroom wi pe and solution of HC :H202: H20 (in a

ratio of 1:2:10) Plage tie ERCXomY fixtire, vifhithedetdnic Audde fudihg BovadwdrahWBpe t € can
be used with the solution. R pse the ESC, includi ng{ all of the helium hol es
and channel s, hegeramigysyfacs vih 2 ig-fseplaapoomuing Pt sAlrtien I BRNG:d00 t h

filtered nitroagat, YP18Lso) R almbxid %n}?)??b'%éc'bﬁ@s?m W%ﬁm"e@cbﬁeﬁg&é& UPW at

room tenperature and clean the E 60 m nutes. nse t Cwth UPW
for 5 m nut edinapdd cdol lmemsed frithtbesodutiont RinseitteBIC, lindudiog all of thg&fi pitRenove t he

hem cal [ f h kside of E W ESC Wi th
o Cot 0 i By bR NS R N T T B R
| PA. Bl ow dr yextdie wafeCwithfiltetedi iigogdie hel i um hol es and channels. -12 WO

2006/ 060234 PCT/ 1JS2005/ 042294 Move the ESC to a, d ass 100 C eanrqom and
place it under a HE&hMsES éﬁ“‘SﬂOW&WérdiOPtk‘ XHreoWins the ceramic sprcegtithyi nut es

n the. cer am o S B o O T ace
conposi ti ons Sathmymites, qi@gnding ofi 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
NH4OH:H,;0,:H,0 (in ératio 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,O (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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used ESC both prior to and after the wet cleaning process. "Average" refers
toa relatively large area of the ESC ceram c surface, e.g., magnification
of 200 ti RR$2006/6¥0er di Ngly, sonme contam nants may not IlpeTadskomshacbs n t he

"average." In contrast, 10 "particle" refers to individual particles or
inmpurities on the ceramc surface of the ESC, including nmetal particles or
el ectrode particles. Table Il Average Particle Elenent Pre-d eaning

Post - C eani ng Pre-C eaning Post-Cl eaning 0 52.82% 62. 85% 44. 59% 66. 50% F
12.77% 1. 85% 14. 07% --- My 1.33% 0. 84% 0. 95% 0. 40% Al 32.07% 34. 02% 28. 87%
29.15% P --- ---MIvefHUBSC toQC18ssA80Cleanrddnbafbplace ithinder S8%4HAe #3 2. 59%
4.39% Fe --- --- 4.61%--- W--- --- 0.52%--- Si 0.14%-- 15 Exanple 4

.61
Table 111 prevhaled m apprendat d 48 Rr 9Q minwescand gHew g BYE tmepol. xMeesure
at oms/ cne) f%@e?ﬁﬁﬁe@ﬁﬁ&%&ﬁﬁ esé&ﬂé‘&rﬁ&ﬁcﬁ‘sﬁu he wet cleaning process.
"Extraction" refers to a process erein a chemcal etching solution is
applied to the ceramc surface of the ESC in order to dissolve surface
cont am naglts into the 20 solution. The sql tion is then collected for | CPMS
anal ysis.” Thus, the initial surface—é%m-%gfi nation | evel may be determ ned,

as well as the | evstle Ofprovids3EDR élaheal stFfh@@ cohlp@sivibis AlaBaRira@ltprfeeess and
the efficiency of the wet cleanj n%‘? process. By repeating the extraction

process seveP#f D PRS0 SRd Bl Re Wt clegpingrocess. Vvotes) shvste _
PCT/ US2005/ 042 4R34ty 14 eaﬂ-hraguermﬁan%xu&&eﬁé%gﬁ%%ﬁ%oﬁ%fbb@ﬁ@& ksi de of

process wafers w 'l Contact the surface of t e surface cleanliness
of the ESC i dccdinglybswmns conteariivants mayndthedetected ipthe {eesess.” In contrast,
10 “particle” refers to individual particles or impurities on the ceramic surface of the

ESC, including metal particles or electrode particles.

Table II
Average Particle
Element | Pre-Cleaning | Post-Cleaning | Pre-Cleaning | Post-Cleaning |
) 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% — 0.51% --
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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5 Table Il Post- Ceaning Element Pre- First Second Third Fourth C eaning
Extraction Extraction Extraction Extraction Al um num (A) 540,000 260, 000
82, 000 85, G@0tsh60B39 Antinmony (Sb) 58 18 0.58 0.66 0. S5pcr/sfeias204AS) <5
5.7 <56 <6 <5 Bariuma) 61 140 38 48 39 Beryllium (Be) <20 <20 <20 <20 <20
Bi smuth (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 Chromum (Cr 32 <20 <20 <20 <20 Cobalt (Co) 38 13 <5 9.8 8.9
Copper (Cu) 330 160 23 <10 <10 @llium(G) 63 41 9.9 d10 15 Cermani um
(Ge) <2 96 181 Pro6dss (fa§ be deRfiNindd. SAOthS Backbide of Pfdcedsapdterd wilt Zontact 0. 80
0.71 Lithi um(L| 230 170 .56 74_Magnesium 120, 000, 92, 000 37, 000 40, 38, 000
Manganese O the sgrfaceet the BSC, the sugfaee, i BSE i5 glesirpbloin valey c kel (Ni 200
140 42 <10 1}, nBatasss ésk00 700 170 290 300 Sodium (Na) 17,000 6, 700
2,300 3,200 3,000 Sttontium (Sr) 51 37 17 21 18 Tin (Sn) 68 6.5 <5 <5 <5

Titanium Ti) 43,000 46,000 11,000 13,000 13,000 Tungsten 300 1,100 270 380
380

5 Table III
~ Post-
Cleanin
Element Pre- First Second Third Fourth
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 (Ti) 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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Vanadi um (V) 9.2 <5 <5 <5 <5 Zinc (Zn) 1,900 1,700 72 30 32 Zirconium (Zr)
470 2,000 110 150 140 -14 WD 2006/ 060234 PCTI US2005/ 042294 Examlep s 5-7
Tabl es | Vg 200d/60923de | CPVS el enent al surface concentr apop@g20050426040
atons/cnR) for three different used ESCs both prior to and after the wet

cl eaning process. 5 Table WEl enent Pre- Post- Cleanin Cleaning Al um num
(Al') 560,000 7,600 Antinmony (Sb) 270 1.0 Arsenic (As) <5 <5 Barium (Ba)
99 41 Beryllium (Be) 99 <20 Bismuth (Bi) <0.5 <0.5 Boron (B) 3,500 <200
Cadm um (Cd) 6.1 <1 Calcium(Ca) 56,000 450 Chromium (Cr) 85 <20 Cobalt
(Co) 540 <5 Copper (Cu) 200 19 Gygahems6Gr) 11 <1 Germanium (CGe) <2 <2
lron (Fe) 40,000 140 Lead (Pb) 28 T% Cithium (Li) 110 <20 %agnem um (M)
35, 000 360 Nanga]qbbew-&ﬁ)prq\g@ IPMS elemental surface concentrations (x 10

atoms/cm?) for three different used ESCs both prior to and after the wet cleaning

process.
5
Table IV
Element Pre- Post-
Cleaning Cleaning
Aluminum (Al) 560,000 7,600
Antimony (Sb) 270 1.0
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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Mol ybdenum (Mp) 21 <2 Nickel (N) 640 <10 Potassium 27,000 <50 Sodium a)
63,000 260 Strontium (Sr) 32 <2 Tin (Sn) 76 <6 Titanium (Ti) 13,000 240
Tungst en ( WO B86/6a8234Vanadi um (V) 34 <5 Zinc (Zn) 3,100 ?,g@m aﬂé&g%"um (Zr)
84 1.5 -15 WD 2006/ 060234 PCT/ US2005/ 042294 Table V EI 6hen ="Post -

Cl eaning C eaning Al umnum Al) 860,000 15,000 Antinmony (Sb) 1.2 4.9
Arsenic (As) <6 <5 Barium (Ba) 3,000 180 B Ilium (Be) <20 <20 Bisnuth
(Bi) 1.5 <0.5 Boron 1,300 3,600 Cadmum (Cd) <1 <1 Calcium(Ca) 1,100, 000
2,200 Chromum (Cr) 1,200 130 Cobalt (Co) 46 <5 Copper (Cu) 38 50
Gallium (Ga) 17 10 GCermanium (Ge) <2TsBletron (Fe) 7,900 510 Lead( b 3.7 19

Element Pre- Post-
Cleaning Cleaning |

Aluminum (Al) 860,000 15,000
Antimony (Sb) 1.2 4.9
Arsenic (As) <5 <5
Barium (Ba) 3,000 180
Beryllium (Be) <20 <20
Bismuth (Bi) 1.5 <0.5
Boron (B) 1,300 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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Lithium (Li) 82 <20 Magnesium (My) 38,000 2,400 Manganese (M) <5 <5

Mol ybdenum (M) <2 <2 Nickel (N) 87 <10 Potassium (K) 790 64 Sodi um a)
4,300 700wcSobédsbisdm (Sr) 630 6.5 Tin (Sn) <5 <5 Tit ancomstods 4294300 1, 200
Tungsten (W 260 26 Vanadium <5 <5 Zinc Zn 97 560 Zirconium (Zr) 180 17
-16 WO 2006/ 060234 PCT/ US2005/ 042294 Table VI El enent Pre- Post- C eaning
Cleaning Alum num Al 51,000 51,000 Antinony (Sb) 1.5 2.8 Arsenic (As) 17
6.5 Barium (Ba) 15 35 BerylliumBe) <20 <20 Bismuth (Bi) <0.5 <0.5 Boron
(B) 1,300 1,300 Cadmum (Cd) <1 <1 Calcium(Ca) 2,800 1,800 Chromum (Cr)
700 280 Cobalt (Co) <5 <5 Copper (@gjle®9q 36 Gallium (Ga) 8.8 9.6

Element Pre- Post-
Cleaning Cleaning |

Aluminum (Al) 51,000 51,000
Antimony (Sb) 1.5 2.8
Arsenic (As) 17 6.5
Barium (Ba) 15 35
Beryllium (Be) <20 <20
Bismuth (Bi) <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 (X) 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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Germanium (Ge) <2 <2 Ilron (PC) 580 490 Lead (Pb) 6.4 15 Lithium(Li) 39
<20 Magnesium (M) 2,400 2,500 Manganese (MWn) <5 <5 Mbol ybdenum (M) <2 2.0
Ni ckel (N 26054434 Potassium ) 190 110 Sodium (Na) 1p&P8s204o4a2lr onti um
(Sr) 7.5 3.7 Tin (Sn) <6 <5 TitaniumTi) 1,800 1,600 Tungsten 43 78

Vanadi um <5 <5 Zinc (Zn) 380 140 Zirconium (Zr) 19 35 The ceram c surface

| ayer of the ESC cl eaned according to Table IV was titaniumdoped. 5 Wile
vari ous enbodi nents have been described, it is to be understood that
variations and nodifications my be resorted to as will be apparent to those
skilled in themagt. Such variations and nodifications are to be considered
within the purview and scope of the clains appended hereto. -17 WO

2006/ 060234 1PCTI Usaetdnlodeeerng @l dedtdstatic chickusdfaldfonplaghe aiching ofia

el ectrostatig ,chuck useful f.or .nlas etchin f. dielectric l.ayer on a
seni conduct 0 elg{}ggraiysﬁc@faﬁe%goc ﬁ%tﬁr %I‘ﬁﬁq%%:&f?g&&aﬁl&pm ATHYR U] whi ch t he
sem conduct ain whibis theatBicosdwti Babstatt islstipbtitied diRing g dtélgng, themetbiod 5

conprising the steps of. a) contacting at |east the ceramc surface of the
chuck wi th i95pPrisipg the steps of:

a) contacting at least the ceramic surface of the chuck with isopropyl

alcohol;
b) contacting at least the ceramic surface of the chuck with 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 ulirasonic 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 dielectric 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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al cohol; b) contacting at |east the ceram c surface of the chuck with a
dilute acidic solution conprising a hydrofluoric acid and nitric acid

m Xt ure apdQhs/@oBk! ute acidic 10 sol ution conprisi ngrer/oymooebisari c acid
and hydrogen peroxide mxture; - c) contacting at |east the ceram c surface
of the chuck with basic solution conprising hydrogen peroxi de and ammoni um
hydr oxi de; and d) subjecting the chuck to ultrasonic cleaning; wherein
contam nants are renoved fromthe ceram c surface of the chuck. 15 2. The
met hod of Claim1l, wherein the contam nants are selected fromthe group
consisting of netallic inpurities, organic inpurities, fluoride inpurities,
el ectrode inpurities, silicon particles, surface particles, .and conbi nations

thereof. 20 3B. THexesthspisilain %ivhepein fisshegkis & Rew chudicopiainingised chuck
previ ously ic iifburiil i bE NG ofSHES bBurf Uk pl asma
et ching of gﬁ%?lgcfé@?rl c Fgé(g%@ﬁ)g%tﬁfgoggm cofrlll%%t or ’rs:];i}gst ra’tﬁ%@he used
check cont ai molybddnimgvamddivinypud cameisatione therof dhd ¢lemminghengvimgpnatdhisi st i ng of

al um num fluorid titaniumfluorid nd... conbj.nations thereof on the
ceranic S{Jrflﬁ?gflg?sﬁ@lﬂb@ﬁ ﬁ’?lﬁﬁolwﬂﬁntﬂﬁ%or%r%"fesﬁ"’rdéc Ut acting the ceranic
surface of the chuck with tetramethyl ammoni um hydroxide so as to renobve
fluoride inpurities. 4. The nmethod of Claim2, wherein the chuck is a new or

used chuck ptevi ctsingethedselClaig 2.ovlispan therrhuck is  weedothick pisvicsslyasedat e during
plasma_et chi A soflindlaSbfohiifcior Wbl turifl plllfis SRAGUd Wl Qionpat rat e, the
used check contarning organic I npuritles, e cleaning renoving 0rganic

i npurities v fhe sénsicomsiuptoo pylistratiecthb osedahebkaontainingtisirle imphutiéson. - 18 WO
2006/ 060234 PCT/.US2005/ 042294 .5. .The nethod of .Caim 2, wherejn.the chuck
o a nonf R AR o e e S ie R RS, oup

consi sting ofolitfodn, chrom um nickel, nolybdenum vanadium and

conbi nations thereof, the cleaning renoving netallic 5 inpurities wth the
basic solution and/or the dilute acidic solution. 6. The nethod of Caim 2,
e e oM C KT emBndE LGNS ol K B 15380 Gy SHORAER i 2

semi conduct or’ substrate during plasma etchi of a ctric’layer
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, Si0,, 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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on the sem conductor substrate, the used check containing fluoride
inpurities 10 including titaniumfluoride, the cleaning renoving titanium
fluoride wdbobk@afaasic solution. 7. The nmethod of Cd aichidoe0shens n t he
chuck is a used chuck previously used for supporting a sem conductor
substrate during plasma etching of a dielectric layer 15 on the

sem conduct or substrate, the used check containing silicon particles
selected fromthe group consisting of Si, Si 2, and conbi nations thereof,
the cleaning renoving silicon particles with the dilute acidic solution. 8.

The nethod ofp, O aindsthdd ' @hifh 9, Rehestin the Qi1@GIadidic ohitidhi BMpFissERRd ses the 20
hydrofl uoric acid and nitric acid mxture, the cleaning renoving silicon

particles viydepfiupec heidead e acid mettere, e clerungrenayingofleatiode ard, wherein the
chuck is a '}ﬁ%ﬁiwﬁﬁrﬁfe@%ﬁ@%ﬁﬁﬂﬁft rode inpurities selected fromthe
S u p

group consisting 0O ngsten, osphorus, and 25 conbinations thereof; and
nmetallic inpurities selected formthe group consisting of iron, chrom um

ni ckel , | yhden v i . and .conbj nat.i ons, t herepf; the clgeanin
Moo ng o1 oo e AR o it B e S Sl oS B o 2ol ut i on.
30 -19 WO 208/atdaR234cideht Hpd0R& ftad@imixkite, Jﬁélaeﬂﬁﬁ@%@in |&kBud, Wherein

the dilute acidic solution conprises the hydrofluoric acid and nitric acid
m xture, theandmetalip gnpusities wily teg kudrochlonic apld andbydoperparogide mixters. wit h t he
nitric acid. 5 11. The nethod of Claim9, wherein the dilute acidic solution
conprises the hydrochloric acid and hydrogen peroxide m xture, the cleaning
renovi ng el el r odkhe methodweft Glhinm 2, whepein teivitsasonit blchhiag herloves klnfacec aci d and

hydr ogen, per oxj.de m xture. .12. The pet hqd of ai .. Wherein the

ol ot aoont € Rl P bisbinanig St Endrrilos Fapoed Bikls itk MR 5eEs Bl ¢ sur  ace
and particl esthéraRags ihdsd dack.i ft pin holes and other passages in the
chuck. 13. The nethod of Claim1l, further conprising protecting electrical

contacts and exposed bonding material on the chuck by covering the
electrical contachg A0flod 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 bonding material with masking material and/or chem cal resistant tape.
14. The nmethod of Claim1l, wherein the cleaning conprises imersing the
chuck in HoeobaRp@py! al cohol, the basic solution, anpdmusied@pzeduring the
ultrasonic cleaning. 20 15. The nmethod of Claim1, wherein the chuck is a
used chuck previously used for supporting a sem conductor substrate during
pl asma etching of a dielectric |ayer on the sem conductor substrate, the
used check and the cleaning conprises cleaning the ceramc surface with a
scouring pad. 25 16. The nethod of C aim 15, wherein the scouring pad
renoves pol yyger bk htbidd SFTIARE], Ye@tbr 6 inglafialylii@ thEthadicRlrfideabm 1,
further conprising testing performance of the chuck 30 in a plasnma etching
chanber bef dleterming/vdrether e@ptaminants pigdRundon theessansicenrfae, befarg apdhor 006/ 060234
PCT/ US2005/ Oaﬁ%?@éclelr@ng-rhe nmet hod of Claim1l, further conprising analyzing
the ceram ¢ surface to~ determ ne whether contami nants are found on the
ceram c surface before and/or after the cleaning. 5 19. The nethod of Caim

1, conprising supporting, t chuck in.a fixture with  the.ceranm.c surface
Faci ng. ddwnvir o MeFRetath et coupHHPE SBHPREE S ARk FEEREHS Wb act df
sol ution ancdh@gerhiicrsaffde Wbind HHRANATWIE Kepihsl the céimid RarABWRAGHOT G aim 1,

conprising contacting at |east the ceram c surface of 10 the chuck with a
di | ute aci di@lusocidi¢ spjutiarmmd]os itgigmethyl empnigerhydrexided and nitric acid
m xture and .a dilute acidic solution conprising a hydrochloric acid and
hydrogen peroxide m xture. 21. The nmethod of Claim1, wherein step b)
foll ows stem0n), Ricapetigd dfaTlhions cotprising Eorbdcting atdlesdt € w@yaniio klufass oft ep ) .
-2l 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).
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