" WD 2010/ 042907PCT/ US2009/ 060289 METHOD OF REFURBI SHI NG Bl POLAR
ELECTROSTATI C CHUCK BACKGROUND [0001}Bipolar-el ectrostatic chucks are

comonly used in sem conduct or |on. These chucks use

el ectrostatic forces to hold a ngmﬂmmm@m wafer in place during the
manuf act ur i 2q3p/6ers. Over tine devel op WPST/USLAHHNEI2RY and
their performance degrades.—{0002}-An-8%&plary el ectrostatic chuck will be
described with reference to FIGs. 1A-1B and FIGs. 2A-2B. [0003]FIG 1 A

shows a plan view of front side 102 of exenplary electrostatic chuck 100.
Front side 102 has a nounting | edge 104 and a to urface 106. Top surface
106 i s el evat MEIHOR I E&@GMBQLA&EEEG%RDM@QBHU%nU ng | edge
104 is used to nount electrostatic chuck 100 during use. Munting | edge 104
may have nounting holes (not shown) to secure el ecﬁmsfatrrchmk*

during use. Munting | edge 104 nag al so be nodified |n an oth
fashion to secure electrostatic I ng use. memw H‘mﬁace 106
conprises a first electrode portion 108 and a second eI on 110.

First electrode portion 108 is further divided into an- ouLefG@DectLgde ring
112 and an inner electrode portion 114. Second el ectrode portion 110 is a
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el ect r od&hgwer thuoks ﬁs‘hOelwtltobuanc fforeast toeh@dter @dmcqnmlnttbomvaﬂeﬁ)an place during the
manufacturing process. Over time, the chucks develop wear from use and their performance
degrades.
[0002] An exemplary electrostatic chuck will be described with reference to FIGs. 1A-1B
and FIGs. 2A-2B.
[0003] FIG. 1A shows a plan view of front side 102 of exemplary electrostatic chuck 100.
Front side 102 has a mounting ledge 104 and a top surface 106. Top surface 106 is elevated
above mounting ledge 104 as seen in FIG. 1B. Mounting ledge 104 is used to mount
electrostatic chuck 100 during use. Mounting ledge 104 may have mounting holes (not shown)
to secure electrostatic chuck 100 during use. Mounting ledge 104 may also be modified in any
other known fashion to secure electrostatic chuck 100 during use.
[0004] Top surface 106 comprises a first electrode portion 108 and a second clectrode
portion 110. First electrode portion 108 is further divided into an outer electrode ring 112 and
an inner electrode portion 114. Second electrode portion 110 is a ring of aluminum and is
electrically separated from first electrode portion 108 via dielectric epoxy 116. Dielectric
epoxy 116 also retains second electrode portion 110 within first electrode portion 108.
[0005] In FIG. 1B, the uppermost portion of front side 102 is anodized to prevent unwanted
oxidation and provide a dielectric surface of specific thickness between electrostatic chuck 100
and a semiconductor wafer when in use. Outer electrode ring 112 and mounting ledge 104
have associated anodized surface 118, second electrode 110 has associated anodized surface
120, and inner clectrode portion 114 has associated anodized surface 122. Also seen in FIG.
IB is access path 126, a way of electrically connecting second electrode portion 110 through

first electrode portion 108,



"[0005]In FIG 1B, the uppernost portion of front side 102 is anodized to
prevent unwanted oxi dation and provide a dielectric surface of specific

t hi ckness between el ectrostatic chuck 100 and a sem conduct or wafer when in
use. CQuter electrode ring 112 and nmounting | edge 104 have associ at ed

anodi zed s¥928804238, second el ectrode 110 has associ atPed/BAWPPHEY surf ace
120, and inner electrode portion 114 has associ ated anodi zed surface 122.
Al'so seen in FIG 1B.is access path 126, a way of electrically connecting
second el ectrode portion 110 through first electrode portion 108. WO
2010/ 042907PCT/ US2009/ 060289 [ 0006] FI G 2A shows a plan view of back side
200 of ell@RO6} ostFAEi 2A shaysie nle viewrdbackayide 2Q00f f‘é@t,rmt@imchgﬁbw{) ofheBa@R si de
200. TWo el BRAE SRR BRI 2076 e UL SLoBROML ZG6HER bl aifeand

i nner anodi zed rtion 210. The her two sections are bare alum num outer
al umi numppion 28 a@b@nmoqilmdepormru?ﬁ%dfhep@rer it sodns Bebar elunmheumarpotir zat | on
process, il ng 2 Y o] ating
Ceot ons BELE Foafl 208 e ReP Bl BRER 208 ThiG" e I00ALARY skl
-process, stdiennBkand 206 erpredntedfirormiredrg zanbdmdwbmq&aﬁng semnor%(m4 and: eeswplt h 126
can be s 7 oper o static chu ses electrostatic
forces t%%asiﬂhgg&sleanmceco[gf?uﬁe a%OdIZ%EHO% {chl tgleghars }ascre Cﬁléﬁ?]erlannﬁl&l 1B,
first el eottivodé4 mestslpath 1268ambicsesrecond el ect r ode portl on 110 are oppositely

charged. H st ectraode p ion. 10 sitive charged and se

oo oaduP: | T SSAGRE Rt P, BES e Lﬁx%frfme?‘?rgesd&eﬁﬁea by
appl yij ng ls&m%@ddalatgﬁ watdr frene r!;ﬁffadéﬁt AeRow [rSFIGR| 163; tiir@dgecnodd bériiod ]988 and
second el ectrode portion 0. The .c o] or.ti S ..

ol o0t T 05 SO Slerirde Porm;! &aeeopgﬁwgwg geg- thHét ﬁmﬁﬁ ‘E%/‘SQBWY% of a
sem condurdrgdd Mafs8Eond \Wlbc&bdChoR@ineR 035 n@gr?ﬁcély Qﬁdrg’édl CTHad &Ha?’gétlh a&vehpbavegn the
sem conductor wafer and electrostatic chuck 100. g0008] Wien processing of

the semi éprldingaopltggrddiference demseriiey clegtfrdepartioad s appbedcart ¢lectoe gertion
el ectrodq;@orhd Qr fwéf @O FHE AN FFleReldseie cRRk!100MdhiOaBppolit dharRYLE or

partially reverse "dechuck” the wafer. Because of the fragility of the
waf er an@carbepytien phy samicengustpreyalen vhigh centrs enslestrostaiis attsastions Betvesn e ocess,

very pregérﬁl%orm%{Q,Lfepjndtef'&trggtﬁfétclhh& fdoel ds produced by the electrostatic
chuck is &maw red. Accordingly, all paranmeters of the electrostatic chuck

t hat may [@0Bkct Whea pspesssing of e strusophugidnettr ieampleged, ithd veltagnepplisdtidi n a
precise "fi?g?%?ectrl}&”p&{l%gg?%@)é@&ﬂh eesfecﬁ'{)de 6n '136 o S%Fare%%g(?%[‘ﬁ) LiShy €S

i ncl ude resistance ance, capacil nce
el ect r ostreversed ¢t liddechudkOOBO ake. dBecelhseoifrtbstfaglhcy ofh tdekwdfod anl/ ére premomray

degr ade '(ihqa{rgae I{II M g\g)%?tg of -H{'et ﬁa%% %gatrcl)c%ns ve r%é?egco oﬁﬁf gsuﬂéct figld{ face

affects own '’ oWs &
Cross- septadocealby\thee/lemfostam (ﬂmelnmlraquyredal Acdsolrmﬁglg,tall(pacdmmdts 30fe cledtastatiost at i c
chuck 300Q, s various, si wear | ectrostatic k 300.has front

o1 do 302 gk, e A nE e gt PRites S el R AR e
surface B6-lindsng iexamples esft theste ipaindic othaddidrigties meladn dredbtent) Geicfned | on
310. First electro (gué%grtl oq%lg%é IS sep€ucgt ed from second el ectrode portion

310 by a“¥PETRED AREIMTE%SC 8 AEOSHIHEMSor ti on of top surface 306 has an
anodi zed [0089E" 348 ot GRAS&EkI BRICROIV0 over time may degrade its performance. The

degradation may occur as a result of surface affects that may develop with use, as shown in FIG.
3. FIG. 3 shows a cross-sectional view of an exemplary electrostatic chuck 300. Electrostatic
chuck 300 shows various signs of wear. Electrostatic chuck 300 has front side 302, which
comprises mounting ledge 304 and top surface 306. Top surface 306 has first electrode portion
312 and second electrode portion 310. First electrode portion 312 is separated from second
electrode portion 310 by a dielectric epoxy 316. The upper portion of top surface 306 has an

anodized layer 318 disposed thereon.



"WD 2010/ 042907PCT/ US2009/ 060289 [0010] Several types of wear may devel op on
el ectrostatic chuck 300. Particulate matter 320 and 322 may stick to top
surface 306. Scratches or marks 324 and 326 may occur in anodi zed | ayer
318. Pits 328 and 330 may al so develop in dielectric epoxy |ayer 316. Deep
scrat ches Y822HEM2Ycur in top surface 306 such that tFETASEUYBN2enet r at es
anodi zed | ayer 318 and affects first el ectrode portion 312. Particul ate
matter 320 and 322 may be renmpved fromthe surface of electrostatic chuck
300 by known methods of cleaning, but scratches 324 and 326, pits 328 and
330, .and @fﬁﬁ scratches 332 require nore intensive repair. [0011] When an

el ect r ostMMOE gy btéleﬁérPés}V%@aMPYﬁlqpo%§1§ctr0r9ftaﬂﬁﬁ9u°béOPefPafth@weraatteﬁ

repair theg ‘éﬁ@@zﬂ%ié‘;'sﬁ@l@@o top dueBee WV§&Et'cf~?éﬂadr|rMark§§E4”'a1ﬁi m&&%%&&qy res
separation of the two el ectrodes 402 and 404 of electrostatic chuck 400 as

seen in Fpgized laygy 35% pBitsad3énapdel38anayordwsdeyelpp amdicleouic eppwy layariyle. Hsexy
| ayer thé{,raéﬁéa%%% Je\f if Y BERGLI00 4GS HRhD&: { e &N dich BGE%18

Di sassenbly of an elfectrostatic chuck 1s very ficult and may ‘cause
i rr epar abheaffestraiigst ¢lertiote pertion 81 sParticulate matskr. 32Wﬁeld 38 ewsyrbsdemadd fram

removed ftﬂeos%}tﬁéé‘%bf ef%?t?cfs?atl'c @hlf‘ck%b BQgﬁowAnor%ethMéeﬁf%i%QﬁiX% bl Lorathed S5 a‘%g 3260 ]?Ot h

el ectr odes nust ge one or
el ect rodemtsde&alahl:BOAM deéﬁ mtcltehéShpqm;e msreg:ﬁﬂsrvalrépﬁlrr em)ved by means of
ctrodes 4

i ng. . ‘h of
6010] Forgttel " R SEMRARIEE Bfley Yerntsof crtn F bbb Fek PR gl ¢
al so ver yephir km weat de\em;upd mmwerﬂment\mal{y, Rochpapracess efsiresfsepamtioh e€the ®séd at i C

chuck. Sp cifj econd. el ectrade 404 ed back i ess 406
e oot PBGdes Lt D SRR e BT £ paTa Dt aBE Rty et diSon of
recess 4@62 akd P4, nhe Oitir€ @pd:3Clayditiiat dksddatbe tHeOmdbslednotisseaiy bé eenvdvkd and
recess 406 a econd E’le trode 404, ca SI n%aa fé?E{'raB of the refurl?| shi ng

process. rﬂlaé“ﬁ Pisapsqmb g0 elgtrosiac ghuc e‘EH Y FAUesInSpATalle s h

wi t h t he dapgRIto &iérefle%ﬁr@stﬂfc dhidks tw&érﬁaécm@@4m3 remidved RBInGHd rebdss iRISdioBRY
negat i veléhaffect t he performance of electrostatic chuck 400 or nmay even

render t AR B ENoRy Agft aetrpidie ombethsiestrodesamust befyllygemayeds eFits Jemoyaln@ady epoxy

layer nmuaimbe o%@@l%btﬁ Qf Qt&@olésembahd Go4 NGk tﬁ@&o&fls%@ﬁ@ﬂﬁlr@mglf&o&yr Rags 402
and 404. | nproper aEp ication of this new epox ayer is very difficult. If

t her e i sOf w&ping whish @pgdgmagssitherr b?ﬁ@fﬂbﬁfé?degﬂm‘@éé%f second el ectrode
404 wi |1y (ﬁﬂﬂ]f up e[, QNE i n‘%pp(?)? r feBGetBRE! ers%ﬁ%ﬂ Q‘Péfm%fshﬁl%%?({] kQde al@@gerr?\ﬁlélg@o nmay

negatively affect the ormance’ o ectrostati uck 400 ere is
t 00 muchceppRRisaphé ivedking peramofses of am febeceosetic ethgek r (SdeCIﬁ@Jllywhtn egedndip

hi gher t Ql%&r&d@%ﬁﬂ??[acédi[)lcﬁ i rgéesseh@f?f(l{ agcgroégﬁso | %Onﬁym g l}vgll ¥e af f ect

t he performance of ectrostatic chuc the re y I'S not
car ef ul | yeratolmedrbyl theetigesnoh recadOAED 18 poid P CORECThy SROGfbOBABSV¢zubid wal may

Lg;mofeémglge{:esg é&bc %}6{) sdf:%S (:)Seéctrggi]f%i 4 ﬁp g%l.}%{ngta ﬁenlurg é)g}i}elr% 1sh€;mdpr§%etss[1 ﬁ seI ?Ct rode
perfor marlreeuppér satfect afasdoatl ielzciedecto4 49000t ﬂu@lﬁ) Badth Ithne lhppghﬂiurfai:e dvih@rsiveedtrotds
potenti a the elgrﬁ me}ssrrsle%:h r?i%)? geg 1velfy aH‘ ct Oen];é? OIt‘l’Illa%CC Iof electrostatic chuck 400 or

may even render the resulting device unusable.

[0013]  During reassembly, a new epoxy layer must be added to electrostatic chuck 400 to

separate electrodes 402 and 404. Improper application of this new epoxy layer is very difficult.

If there is too little epoxy applied, the upper surface of second electrode 404 will end up lower

than the upper surface of electrode 402, which may negatively affect the performance of

electrostatic chuck 400. If there is too much epoxy applied, the upper surface of electrode 404

will end up higher than the upper surface of electrode 402, which may negatively affect the

performance of electrostatic chuck 400. Also if the reassembly is not carefully controlled, air



"techniques for refurbishing . a bipolar electrostatic chuck di scussed above,

the typical yield of such techniques is only approximately 30% [0015] What

is needed is a bipolar electrostatic chuck refurbishing process that is

|l ess likely to damage the bipolar electrostatic chuck. [0016] What is

addi ti onal WO Hae®@e07i s a bi pol ar el ectrostatic chuck r &CEUSREHPGIIpr ocess

that provides a yield greater than 30% BRI EF SUVMARY [0017]1t is an object

of the present invention to provide a bipolar electrostatic chuck

refurbishing process that is less |likely to damage the bipol ar

~electrostatic chuck [0018] It is another object of the present invention to
provi de Rubhilesgnay foan betpieers elggtiodescHlZcand A84 gF Bie spexydaysr 63‘8%‘5‘16{ plagtrode 492 not

require Bh%ﬁ%bt?cﬁi'eléﬁ(mseﬂﬁgé‘ﬁﬂr mbﬁlbsemfamegtﬁa ra%éasthg cfBifnaRb Bt Blkctrostatic

el ectrostatic chuck. [0019]1t 1s anothér object o the present 1 nvention to

provi de ghuskgé0.ar electrostatlc chuck refurbishing process that provides a

yield of &(fdé?]sfr P llilgﬁg %’af %119 ggﬁ(yaoﬁp%o?eﬁaﬁcho% entsNGssBLSEE Wil M Qgﬁ&e'ﬂn&?al dr awn

to net ho eat
techniques for refurbishing a bipolar electrostatic chuck discussed above, the typical yield of

such techniques is only approximately 30%.
[0015]  What is needed is a bipolar electrostatic chuck refurbishing process that is less

likely to damage the bipolar electrostatic chuck.
[0016] What is additionally needed is a bipolar electrostatic chuck refurbishing process that

provides a yield greater than 30%.

BRIEF SUMMARY

[0017] 1t is an object of the present inventibn to provide a bipolar electrostatic chuck
refurbishing process that is less likely to damage the bipolar electrostatic chuck.

[0018] It is another object of the present invention to provide a bipolar electrostatic
chuck refurbishing process that does not require physically separating the two electrodes of the
bipolar electrostatic chuck.

[0019] It is another object of the present invention to provide a bipolar electrostatic
chuck refurbishing process that provides a yield of close to 100%.

[0020]  One aspect of the present invention is drawn to method of treating a bipolar
electrostatic chuck having a front surface and a back surface and comprising a first electrode
disposed at the front surface, a second electrode at the front surface and an anodized layer
disposed on the front surface, the first electrode and the second electrode. The method
comprises measuring a first parameter of the electrostatic chuck, discarding the electrostatic
chuck if the first measured parameter is not within a first predetermined range, cleaning the
electrostatic chuck if the first measured parameter is within the first predetermined range,
sealing gaps between the first electrode and the second clectrode at the front surface with a

- sealant, without displacing the first electrode relative to the second electrode, eliminating the



"electrostatic chuck having a front surface and a back surface and
conprising a first electrode di sposed at the front surface, a second

el ectrode at the front surface and an anodi zed | ayer di sposed on the front
surface, the first electrode and the second el ectrode. The nethod conpri ses
measuri ng VORNANV428Yr anet er of the el ectrostatic chuck,PC@TEsedp/deoasy t he

el ectrostatic chuck if the first measured paraneter is not within a first
predet erm ned range, cleaning the electrostatic chuck if the first neasured
parameter is within the first predeterm ned range, sealing gaps between the
first electrode and the second el ectrode at the front surface with a

seal ant, a@pdirrgduyesi and) deppsine e Wewfanpdizedelaperioninythe fonhsyripee. tthe filsbelsetradpd

el ect rod%nd BlelsBinatichghdbhe WO 2010/ 042907PCT/ US2009/ 060289 anodi zed | ayer;
and di sposing a new anodi zed | ayer onto the front surface, the first

el ectr oddmmﬂ t Heddationalnebjestse edvaptiges JrdomyiNdatines of die iovntien ere sstifathtinges
and novel r | r

Gescri pt i At ESBfiph Which JuERLs, G B et SsBiC bRl b kit iy e
skilled iart 11ploe eaamlnaqlmnofebharfblmlng)nr ofay tHededrodd bwpragn@rofmay ibentiearmhed by
ractice of th he obj.ects a Y the iLnvention may

-Ee reali z08 Ctts E‘d %@&%%eg (bf tTlrenelzri‘ﬁes olg eg? r{gqlrzgdpren a?‘ |esyarrr1le nso#bglhgau ons
parti cul amsltmmpntahrtieednd)cmnhmatlbhepaalm@nlyqthdda]unmtheBEilpEFdeSldMﬂ@RY OF THE

DRAW NGS [ 0022] The ‘acconpanyi ng draw ngs, which are incorporated in and
forma part of the specification, |Ilustrate an exenpl ary enbodi ment of the

present invention andeaiﬁgw erve to explain the
principles of the inv -

[]

A N 1A illustrates a
pl an view of the front side of an exerrpl ary el ectrostatl c chuck; [0024]FI G
1B illustrates a cross-sectional view of the exenplary electrostatic chuck
of FIG 10023] ondhkiaseonxpanying GBPBNEY, @hichhate| ingasparateéd sn anglferm vimaw of the he

back si d%pé%{ﬁcgponmﬂ(ﬁﬁmlt@ al e%rﬁﬁglryoéﬁt%tﬂn?enf: QP&I% 'present invention and, together with

the description, serve to explain the principles of the invention. In the drawings:

[0023]  FIG. 1A illustrates a plan view of the front side of an exemplary electrostatic chuck;
[0024] FIG. 1B illustrates a cross-sectional view of the exemplary electrostatic chuck of
FIG. 1A along line x-x; ' '

[0025] FIG. 2A illustrates a plan view of the back side of an exemplary electrostatic chuck;
[0026] FIG. 2B illustrates a cross-sectional view of the exemplary electrostatic chuck of
FIG. 2A along line y-y;

[0027] FIG. 3 illustrates a cross-sectional view of a portion of an exemplary electrostatic
chuck showing wear from use;

[0028] FIG. 4 illustrates a conventional method for refurbishing an exemplary electrostatic
chuck;

[0029] FIGs. 5A-5C illustrate a logic flow diagram detailing an exemplary refurbishing
process in accordance with the present invention;

[0030] FIG. 6 illustrates an exemplary method for sealing gaps between electrodes; and
[0031] FIG. 7 illustrates an exemplary process for removal of the anodized surface and

reanodization of an exemplary electrostatic chuck.

DETAITLED DESCRIPTION




"[0026]FIG 2B illustrates a cross-sectional view of the exenplary

el ectrostatic chuck of FIG 2A along line y-y; [0027]FIG 3 illustrates a
cross-sectional view of a portion of an exenplary el ectrostatic chuck

showi ng wear fromuse; [0028]FIG 4 illustrates a conventional method for
ref ur bi shi YO 2Bl ary el ectrostatic chuck; [0029] FIRCGI/USZMI/BE289 | ustr at e
a logic flow diagram detailing an exenplary refurbishing process in
accordance with the present invention; [0030]FIG 6 illustrates an

exenpl ary nethod for sealing gaps between el ectrodes; and [0031]FIG 7
illustrates an exenplary process for renmoval of the anodized surface and

reanodi zd9033h ofArasremriaRpragess &r sfubishingbinela RigetkostadE Ty ckEpil DEStRerived ON
with reference to FIGs. 1-3 and 5-7. One of the beneficial aspects that differentiate the present
invention over conventional bipolar electrostatic chucks refurbishing techniques is that the
present invention does not separate the two electrodes in the refurbishing process. Another
feature of the following exemplary process is a plurality of quality checks. The quality checks
provide a way of greatly increasing the probability of the refurbishing process resulting in a
working electrostatic chuck.
[0033] The exemplary process begins with the receiving of electrostatic chuck 100 (S500)
as seen in FIG. 5A. Next, electrostatic chuck 100 is given an initial inspection (8502) for
physical defects including but not limited to cracks, dents, and deep scratches. One example of
such damage would be deep scratch 332 on electrostatic chuck 300 as shown in FIG. 3.
Resurfacing the aluminum of electrostatic chuck 300 may not be able to repair such a deep
scratch, or similar defect, which would result in a failure of the refurbishing process.
[0034] After determining whether chuck 100 passes this pre-inspection (S504), failure may
result in returning chuck 100 to the customer (S506) and passing of the pre-inspection may
lead to an initial inspection of one or more parameters of electrostatic chuck 100 (S508).
Parameters that may be measured include, but are not limited to, resistance, capacitance,
inductance, and impedance. These measurements may be measured between front side 102 and
back side 200 of electrostatic chuck 100, first electrode 108 and second electrode 110, or any
other set of points on electrostatic chuck 100. The measured values for these parameters must
be within a predetermined acceptable range. If the value is much higher or much lbwer, it rriay
indicate the presence of various types of defects in electrostatic chuck 100 that.cannot be
repaired by the refurbishing process, including but not limited to a short circuit between first
electrode 108 and second electrode 110.
[0035] The measured values for the parameters of electrostatic chuck 100 are compared to
a known baseline value, said value being known to be an acceptable for the parameter
measured. The known baseline value may be obtained, for example, from manufacturer
specifications or taking electrostatic chucks, known to be acceptable in performance, and
measuring the paramet.er. A further method measures values the parameter using a plurality of
electrostatic chucks, for example 100, to create a range of data for comparison. This range of

data may be used to create a bell curve of values and the acceptable value range obtained via



"WD 2010/ 042907PCT/ US2009/ 060289 [ 0032] An exenpl ary process for refurbishing
bi pol ar el ectrostatic chucks will be described with reference to FIGs. 1-3
and 5-7. One of the beneficial aspects that differentiate the present

i nvention over conventional bipolar electrostatic chucks refurbishing

t echni ques W@2a1¢/8290he present inventi on does not separP&TASLAIY0GRY

el ectrodes in the refurbishing process. Another feature of the follow ng
exenplary process is a plurality of -quality checks. The quality checks
provide a way of greatly increasing the probability of the refurbishing
process resulting in a working electrostatic chuck. [0033] The exenpl ary
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must be within a predeterm ned acceptable range. If the value is nuc
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et hod oF BBV UR TP 41§ o e AP A PEE UGBt 0 FROHE 108 TBYERP.

enbodi Menke prefing iReAERIYCS non Bk @8 theidithdld 10 dIdttBftaicS Slsk NYO 1that IngEPEOPY |
al cohol , an uItrasonl ¢ cleaning, and an oven bakj n%E1 Thi s cl eani ng process

renoves EAUSEd B dipaspeambling candateapsampling dhe shrgtrogticadnicks dhoWp $mplay 3. | f
dirt par EIhEdd?lﬁel?f P tlfbrlqes’égtzln%ﬁlgn n@ﬁu&és@@&eig uSddl by 5 %M(ef@)y gu?tief B%@BOA east

one of the physical paraneters of electrostatic chuck 0, inclu |ng
not |i m &IPSR e Syanas 08 is Eliadaith eparr 60§ W@G}Etsaﬁ?}bto fé‘rﬁfplﬁ%e@émé
Particle I

ot ur bi sh ol et e ted Bikcadp hTELE! niidiioh HuHERE o8l il o an

automated system. As discussed above, in accordance with the present mventlon electrodes

108 and 110 are not separated to repair damage to electrostatic chuck 100. As a result, the



" [0037] Fol |l owi ng step S512, electrostatic chuck 100 may be given a quality
check (S514). This quality check (S514) may neasure a val ue of a paraneter
of electrostatic chuck 100, as di scussed above. Failure of quality check
(S514) may result in returning chuck 100 to the custoner (S506) and passing
t he check N¥320¥YA%0 t he next step of sealing the gapECHESWEEHMect r odes
(S516). [0038] As di scussed previously, gaps in the seal ant between

el ectrodes of  an electrostatic chuck may occur fromuse. A portion of front
side 102 of an exenplary electrostatic chuck 100 is showmn in FIG 6. Quter
el ectrode ring 112 and second el ectrode gortlon 110 are electrjcally

separ at eBrepit dpenten dees vy gtk dergge do sketedsh 198 andi KN thals Mk rasise duh tover

time to grealfigdn f0RemEHoRY ERloskc RRKENS.I Onal techniques, the present
i nvention ot separate the el ectrodes 108 and 110 of electrostatic

chuck 1000089] r e Baturnivtm §EG.t A fand dellowing step 551 Ghelecsosipies chugk 19P aanbe

i nventio r ther C at may
be cause wg@ggl S s%hree!r:g{gsflg) i qrugﬁtg%g%%t(ssnlg ﬁﬁ%“%ﬁ%ﬂ?‘{%&é‘%@fﬂ@ l]algﬁg[%cﬁ(ta In one
exenpl ar yleegrbtade rhwk 10, ahmsp.rsee;iemovc n\Feihire @, qualityi cheadks@GO Y may useld iy a '
wor ker t e i nt Syrin i epoxy
608 whi c en%' g‘sa?}éu 1'06'?0 h?g Om%gsz%& OO%S‘T(IF%the Cge%{(%aﬁsleaﬁéo H%Sk%??sgyc}) a?‘o seal
gap 602 slde mm&frelaet‘rmmcrkaslom(SﬂWah cogtitunet] imBIG. ISBmldngdmtrmAan aut onmat ed
system j scyusse ordance with th esent

o oct roalalths KEaTREBHE: 2 bR aRR S dand 206 et e MR BPRLt at i o

- chuck 10thaskisg subktarse) B’\.l?oglhﬁi se%ﬂ@ﬂ?éﬂﬂﬁ%?@ﬁ&/cbﬁ?@@ﬁh ﬂﬁﬁﬂz&hﬁmgl’s&l&&lﬂbe g

i nvention S NoL ris a et ectrodes 108 a 10 that ma ri se due
o i s nouh L GRterd iR g o Tofouies rorates L Rk Rnd DA SR ST RERE 1 ng
to FIG SAfaatbffeRbirayMtid @nedkap0S516, el ectrostatic chuck 100 may be given a
quality check (S518). This %ﬂallt check (S518) may neasure a val ue of a

par amet eF0041] of Epllaviag step S5 glegtrostsic chuck 08 miyhe givep i alifygheck, S529).
qual ity phemk hoeldk IH?W léa@Stchheﬂlﬂaalr Qﬁwlﬁg BEd SRRhG %leeEﬁ’oswf'l@ GHSL BT

(S506) and passing the check may le to maski ng of back side 200 of
el ect r ostBEP: EHuglelinoeheclsE302$) may e@wrwuéfduff of Fpacpmee of| dgsiopetionthupk

[ 0040] Ret gty B BScusQdFable, 2P%1lu1t35¥ff‘%luﬁlt§' phdel! @%?Ma9?e%ulz%reﬁﬂ1qn%gﬁlcﬁr1@0 gpat ed
with a known maski ng substance. 'Anodi zed sections 208 and 210 are not

coat ed vwflcwustﬁeerrfﬁéﬂ@hgr@mmgémﬁ@ ahdilang point Ber ef ore be subj ected to the
fol | ow n nﬁ Ce Qb AL pBit tiSHURF6S . St |
el ectros tli]g c uck Silg‘gg F%%%l“?ll}g? ?o%ging &t epnéggfgc,ﬁ%gﬁelct rostatic chuck 100
may be gi@eshows quhlhlangdlmddejer (79626 .an Rhrwnurg badec’02h dokedized) layegatd4tsboeheni cal
strippin cl y
check. ( S%&ja a§§ QPWQ g%gxﬁxﬁ %%ﬁ]%){:ﬁﬁag bg *ﬁk‘é%i‘ﬂo %Qg)ftﬁ§$’r%§{zed I@%té? gb'%ﬁl&% 100,
as di scusseduabowe. Oﬂal thu pgpddded dayat hasybeemwlkoveas&%}urfaay iy dsmkd using et ur ni ng
chuck 10Ent o the. custt ner (S506) by returning to FIG 5A along point B.
own cleaning metho ,

[0043] Returning to FIG. 5B and following step S528, electrostatic chuck 100 may be

given a quality check (S530). This quality check (S530) may measure a value of a parameter of

electrostatic chuck 100, as discussed above. Failure of quality check (S530) may result in

returning chuck 100 to the customer (S506) and passing the check may lead to 'resurfécing of

the bare aluminum (S532). This resurfacing will allow for a more even and controlled

reanodization of the surface.

[0044]  Following step S532, electrostatic chuck 100 may be given a quality check (S534).

This quality check (S534) may measure a value of a parameter of electrostatic chuck 100, as

discussed above. Failure of quality check (S534) may result in returning chuck 100 to the



"[0042]FIG 7 shows a bl own-up cross-sectional portion of electrostatic
chuck 100. Section 700 shows a thin anodi zed | ayer 704 over an al um num
base 702. Anodi zed | ayer 704 shows sonme danage or wear. Any known net hod
may be used to strip the anodi zed surface fromthe raw al um num Once the
anodi zed | Y@IKERIPeen renpved, the surface is cl eane®CESISHYYBHFBknown

cl eaning nethod. [0043]Returning to FIG 5B and follow ng step S528,

el ectrostatic chuck 100 may be given a quality check (S530). This quality
check (S530) may neasure a value of a paraneter of electrostatic chuck 100,
as discussed above. Failure of quali té check result in returning

(.S530
chuck 100uster{85Q0) dndpasping dxabyckamey [sadto ﬂhgfeflﬁen éeﬁeekg Plegjcqtrasiatic ghuck
"resur f aghfgssak). t/:hfy IABYA nh-HEHAVe (R may e Sed ®%Wah Bfelsidacet | | al low for a

nore even and con | ed reanodi zati1 on of the surface. [0044] Fol | owi ng step

S532, el §dMPbst Epllewea gEeR SE30 eimsrost%lcgahv@nw& raayabe giyencheuakity $8c4§S538hi s
| 4 t
qual.ity %*Hﬁcclsﬁaﬁt?%ﬁ &k Qb e@ﬁﬁiéagué V?Jldé %ﬁﬁéé%ﬁe%&os?%ge%ﬁ% [@Ehatic

chuck 100, a SCusSs aiure ol Ity chec may 'resul t
in retur dlsmgssesih@hpke 1(Eelhtre of lyeal it \Ch&B 1G58 2047 ATt UISRD.OBINY BH@EI1Wutst therer

S506 t
o0ty on SuRe s B pSOREKHI e 7Y 600 @ BLSELRC Bl AN Shrrsce o,
used to db@hjp & iy sndizad éayef (304@)] FHilid pmpesg isstaegbul §5@6nitord detotobit aprecme:huck
100 may be | ven aI it check Zgg % t}é\és?@ual it

check 38), may
measure &Y F‘I?B“ FAR:] %f““ m&:‘H‘Bb%"zlg‘g?wé O%g%egéﬁﬁéed
above. Faoé renensohe qlu@.haltopexﬁﬂitﬁﬁkpa(raﬁﬁé%& ofmgttxbasm‘!d ¢hutk100et ur ni ng chuck 100 to
t he cust (S506 and s e check d to anodi zation of the
al unmi num ?@ﬂ acest Eg‘% %a‘gl %Ba/ ﬁl}PdﬂP%éﬁgFSﬁﬁé gfc’ér@ﬁt@')‘c CWiaIOBr‘B%Ye € is
carefull }glvﬁﬁ)ﬁlqhﬁl[t?dhécﬁ (sbtéalfaloamﬁgr ﬁtﬁmtﬁ(eldﬁd BHR5E). MTHISGualib} eHetle &546f mRew
anodi zed | ayer 706 ato al.um num New anodi zed | ayer 706 returns the

ori gi nal MSpRFGeivahg of ri’aPaé*ﬁ%?t%rr%f @?Ctr@ﬁté'é‘t F%depcascmseﬂ@@mq 0baBYRef ur ni ng
to FIG 3JRianehetr(d528) MGy £b@PinIorhhingSdnRsHt (605t akd QushiE (8566 CaniB¥ssif the

check may lead to a final cleaning of clectrostatic chuck 100 (S548). The cleaning is
accomplished by any known method, non-limiting examples of which include ultrasonic
cleaning.

[0047] After step S548, electrostatic chuck 100 may be given a quality check (S550). This
quality check (S550) may measure a value of a parametef of electrostatic chuck 100, as
discussed above. Failure of quality check (S550) may result in returning chuck 100 to the
customer (S506) following point D into FIG. 5B. Passing the check may lead to an oven bake
(S552) to evaporate any moisture remaining from the cleaning process.

[0048] Following step S552, electrostatic chuck 100 may be given a quality check (S554).
This quality check (S554) may measure a value of a parameter of electrostatic chuck 100, as
discussed above.

[0049] Failure of quality check (S554) may result in returning chuck 100 to the customer
(S506) and passing the check may lead to a post-inspection of one or more additional
parameters of electrostatic chuck 100 (S556). Parameters that may be measured include, but
are not limited to, resistance, capacitance, inductance, and impedance. These measurements
may be measured between front side 102 and back side 200 of electrostatic chuck 100, first

electrode 108 and second electrode 110, or any other set of points on electrostatic chuck 100.



" given a quality check (S546) following point Cinto FIG 5C. This quality

check (S546) may neasure a value of a paranmeter of electrostatic chuck 100,

as di scussed above. Failure of quality check (S546) may result in returning

chuck 100 to the custoner (S506) and passing the check may lead to a final

cl eani ng ofVRPHMPRYYt atic chuck 100 (S548). The cl eani R§TIUS2W¥PYEII i shed by

any known nethod, non-limting exanples of which include ultrasonic

cl eaning. [0047] After step S548, electrostatic chuck 100 may be given a

qual ity check (S550). This quality check (S550) may neasure a value of a
aranmeter_ of electrostatic chuck 100, as di scussed, above. Fail ure of

2 ual ity dhearauEsbypluasHgr aramaters Bust by WHhiguRdetarned acerptadlesiensrer

(S506) f elsk enétRBiaR® tiick Pod MsFaifcdGhe RBrbiblASShBEss.he check may lead to an
oven bake ‘&8552) to evaporate any noi sture renaini n‘%“fromthe cl eani ng

process. [§838h8] Adicr othe nBeskinspeciom 2(S5ab)e celecestatiG chuskuci0010s fimishpd §even a
quality 1 | may neasure a value of a
par anet e?@%ﬁg{ng?tﬁ)%ssst(gﬁiﬁa@ﬁﬂ%};ksé{%ag?ﬁggmﬁ%ﬁaésed above. [0049] Fail ure of
qual ity 088k ( Ibs4¥furbaghingepratass idescribtduntwivagndingsle plowlityoott dalitudteokrer
(S506) a i -1 | nor e
bl t1 onac PR ok 166 EOEGH aTol: ot ithaby FoPARERBERL A, Phne Bifnfler 10
may be meampertditmepredeternioed walee knotvnl from meslifeatyrer spetifitaivos or kmpadranance,

i nductance, . and_i npedance. .These.neasur ement b asured between front
i de. 102 PEHiFTh Mep TRt Oloelgg rORFe FRSEY KR B BEocoRePle 7 el ReriSiictie 108

and seconflerelmeletgooghe the 1@ furbishiag \prakebser Thede qhalipoichdcks aine edarntedswaliduc chuck

100. WD,2010/ q42 OI\%XI?CT{ USéOO,?/@éSO%Q The measured val ues for these

par anet efS2Heraey BECls fR1eHC PUSF &Wht er mi ned accept abl e range, el se

el ect r os{@0SRE clmucikg RO rdf@bishiap | pesbetsh@estitiedr 4bosd)i a@trpde0 ¢S $s ndtORpOMAL t er

t he post-.i nspecti.o 556),. electrostati huck 100 has fini.shed the
r ef ur bi sﬁpwgaﬁﬁffeésﬁé‘g ?ogsfgéalr-aﬁger i B ﬁﬁsﬁla Bl PEREPS 08t et T TR

ref ur bi sbiettgbdes Q0L sRd UEEas b haslitaTARsIemblyUsteRa@embly Tl didcitoiticashatik 11Ho

checks. during the refurbishing process. Further, methods in accordance with the present invention
provide close to 100% yield of acceptable refurbished bipolar electrostatic chucks because the
processes outlined of cleaning the electrostatic chuck if the first measured parameter is within
the first predetermined range; sealing gaps between the first electrode and the second electrode
at the front surface with a sealant, without displécing the first electrode relative to the second
electrode; eliminating the anodized layer; and disposing a new anodized layer onto the front
surface, the first electrode and the second electrode have proven to return electrostatic chucks
to their original form almost 100% of the time. The only times that electrostatic chucks are not
returned to their original form are those when the quality checks fail.
[0053] The foregoing description of various preferred embodiments of the invention have
been presented for purposes of illustration and description. It is not intended to be exhaustive or
to limit the invention to the precise forms disclosed, and obviously many modifications and
variations are possible in light of the above teaching. The exemplary embodiments, as
described above, were chosen and described in order to best explain the principles of the
invention and its practical application to thereby enable others skilled in the art to Best utilize
the invention in various embodiments and with various modifications as are suited to the
particular use contemplated. It is intended that the scope of the invention be defined by the

claims appended hereto.

10



'Each quality check is based on at |east one paraneter of electrostatic
chuck 100. The paraneter is conpared to a predeterm ned val ue known from
manuf act urer specifications or known from previ ous neasurenents of

el ectrostati c chucks known to be acceptable in their performance after
under goi ng WR&01P842847bi shi ng process. These qual ity chedd/USPWIPORH0r med

w t hout di sassenbly of electrostatic chuck 100. [0052] During the

ref ur bi shing process descri bed above, electrode 108 is not separated from
el ectrode 110 for repair. Therefore, the refurbishing process does not risk
damage to el ectrodes 108 and 110 as a result of disassenbly or reassenbly
of electrostatic chuck 100 during t HeL4 ™ bi shi ng process. Further,
met-hods in accordance with the present invention provide close to 100%
yield of acceptabl e refurbished bipolar electrostatic chucks because the
processeVimtisdlaimed Bf cl eaning the el ectrostatic chuck if the first
nmeasured paraneter is within the first predeterm ned range; sealing gaps
between the first el ectrode and the second el ectrode at the front surface
wi th a sdal ant, mgthedhofitreating @l kipélargeledirostpiie shuck|having @dieont sidiace \aad tachack e
second el ; t j nod] re d, di '

nodi zed ToueAn corfbr g EhisfHocid BRARE Fng ATy KeRPELARAPNEY.
el ect r oddrohawefapr anvean trwdized layar dispased os et frant chufiack sthe dirst redsctroder angli thal  f or m
al rost 100% of  the tine. The onl.y tinmes that electrostatic chucks are not
retur nedgff‘cé’n(?ﬁlg%t?%g’rﬁaﬁilnﬁ% CYCrMAME those when the quality checks fail.

[ 0053] The f or egasurigg déscparphétenrpfobe alatogas ¢ghodf,er r ed enbodi nents of the

i ti h . b ted-f f il trati d.d i ption.
et on havg Bagh BRCASN R BRRER et Ko RUARS TP O

preci se hasedmiiharlanged, and obvi ously many nodifications and variations

are possible in light qf the abpve teachjng. The exenplary enbodi nents,
descri bed abo%%m%% dlrrodAtc, At e E%%i ERSHFH A B S VIERD It AT he
princi pl pgedekrmiih@ dapgegntion and its practical application to thereby enable
others skilled jn the art to best utilize the invention in various
enbodi nent s aff@liRg gaps\PaPTesHShaniligt flectrodr gAY thesseaend dentrode 2t e frat pafacs cul ar
use cont giflaabAsht, WikhdubdisRAERORE fitsbAbetidde rdaRR % BF sébfd EIBMAALT on be defi ned
by the clains appended hereto. WD 2010/ 042907PCT/ US2009/ 060289 CLAI M5 What
i s clained iséliminating theanedigedlysri &t i ng a bi pol ar el ectrostatic chuck
having a frongissiinbaGRwangdiZedIafek ofitdth@féht 3ghcE WP Fit s LIBGrode hhd Bk s&bigt r ode
di sposed at the front surface, a second el ectrode at the front surface and
an anodi gegrdayer di sposed on the front surface, the first electrode and
the second el ectrode, said nethod conprising: neasuring a first paraneter
of the electrostatic chuck; di scarding the electrostatic chuck if the
first nmedsur ethgactingoéclaing 1nethemint idmaasiiing e fipstapeinetariofabl clasirpstatic
cl eani ng { he Cglln?gsteg%%gsg%gaggg%cg f the first measured parameter is within
e range, : . :

the first pre ermne

as

3. The method of claim 2, wherein said measuring a resistance comprises measuring a

resistance between the first electrode and the second electrode.

4, The method of claim 2, wherein said measuring a resistance comprises measuring a

resistance between the back surface and one of the first electrode and the second electrode.
5. The method of claim 4, wherein said measuring a resistance between the back surface

and one of the first electrode and the second electrode comprises measuring a resistance

between the back surface and the first electrode.
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" seal'ing gaps between the first electrode and the second el ectrode at the
front surface with a sealant, w thout displacing the first electrode
relative to the second el ectrode; elimnating the anodi zed | ayer; and

di sposi ng a new anodi zed | ayer onto the front surface, the first el ectrode
and the sedneP1ePL8Yr ode. 2. The nethod of claim 1, wWPETAISA08/8G089reasuri ng
a first paraneter of the electrostatic chuck conprises neasuring a
‘resistance.. 3. The method of claim2, wherein said neasuring a resistance
conprises neasuring a resistance between the first electrode and the second
el ectrode. 4. The nethod of claim2, wherein said nmeasuring a resistance
conpri ses neasuring a resistance between the back surface and one of the
first ele@ctro n : fclal

wher ei n géid ﬁ@;@ﬁ@?ﬁgﬁgﬁﬁﬁgig?ﬁﬁﬁgﬁﬁﬁﬁﬁggﬁéﬁﬁgg g@%&@%ﬁ?ghgggng o%gdof t he
first el ent pbthe fiaiglactiedesandahel sesbrd tlegthde comprises amasmpiag @ricsigjange tbesiest ance

bet ween irst electrode. WO
2010/042gggB@?ﬁ@§§%%@?%%8%§@f&%so%%e nmet hod of claim4, wherein said
measuring a resistance between the surface and one of the first el ectrode
and the second el ectro conprises measuring a fesistance t n fhe back
surface Z'nd t I(Iae %“3@8%893%% rg&gr.em Sf}aa?ﬁ%su%e% ﬁo%setoqaraé?eéﬁrrﬂf?ﬁe %ﬁp&aﬂc sai d
measur i nghwekfcomptiseparcaswehgn cagfacitdnec.el ectrostati ¢ chuck conprises neasuring
a capacitance. 8. The nethod of claim7, wherein said neasuring a

capaci tance conprises neasuring a capacitance between the first el ectrode
and the gecontheme@bd oflelaim 9, wildteinteidBehs@ingCd aipatithncondvRisel madsGridgeasur i ng
a capaci tance conpri se asuring a capacitance between the back surface
and one 6P3fIffacE W?enéﬁeeg{gtr%%Fgogﬁﬂldttﬁ%s%@%ﬁtré%ct rode. 10. The nethod of
claim9, wherein said neasuring a capacitance between the back surface and
one of the first electrode and the second el ectrode conprises neasuring a
capaci t afce bEfsBeHod RECIBEE K Wherein calddRPSYHE F F4pagitapeatomiges, measuring a

capacitance between the back surface and one of the first electrode and the second electrode.

10. The method of claim 9, wherein said measuring a capacitance between the back surface
and one of the first electrode and the second clectrode comprises measuring a capacitance

between the back surface and the first electrode.
11.  The method of claim 9, wherein said measuring a capacitance between the back surface
and one of-the first electrode and the second clectrode comprises measuring a capacitance

between the back surface and the second electrode.

12. The method of claim 1, wherein said measuring a first parameter of the electrostatic

chuck comprises measuring an impedance.

13.  The method of claim 12, wherein said measuring an impedance comprises measuring an

impedance between the first electrode and the second electrode.

14, The method of claim 12, wherein said measuring an impedance comprises measuring an

impedance between the back surface and one of the first electrode and the second electrode.

12



"11. The nethod of claim9, wherein said neasuring a capacitance between the
back surface and one of the first electrode and the second el ectrode

conpri ses neasuring-a capacitance between the back surface and the second
el ectrode. 12. The method of claiml, wherein said neasuring a first

par amet er YO HR0LP®ctrostati c chuck conprises neasuri R§TAR200PdRINce. 13.
The nmethod of claim 12, wherein said nmeasuring an i npedance conpri ses
measuri ng an i npedance between the first el ectrode and the second

el ectrode. 14. The method of claim 12, wherein said nmeasuring an inpedance
conprises nmeasuring an inpedance between the back surface and one of the
first el détrodle asthod e deigohtl whesein rsgidemeasyym @n dmperRoes7 PevrSthe0Brch60289

15. The g f ol ad N, Saj UL i en the
Egﬁgi&@dan ore! ¢ ]EHelf‘%pst }éd%@tl}&‘de el {hgo%g‘ﬂg ElE&&d@%&n@ﬂ%@%@a@u#&t W

back sur e and one of the first electr nd the sec el ectrode

conpr i sesmpasaragroeivgen theibagkesisinescand harsieleckredback surface and the first

el ectrode. 16. The nethod of claim 14, wherein said neasuring an inpedance

bet ween the back surface and one of the first el ectrode and the second

el ect r odé6conphé sethodedsuaiinn g, amhareip esdidnmeashengver nmpérendzabdtwsanr fhaclmcland t he

second el ectrode. 17, .Th d . of claiml.  fur r..conprising.measuring

2 secona Sk R ameoft (el BerRite Pnarlh® iy SHloH®ssRBRE: BHEGHERT ! eae,

one of sampkdaheedoiwegn thedack sefatd ang thessecahdeldetrodeat i ng and sai d provi di ng.

18. The method of claim 17, wherein' the second paramneter conprises the

first paraneter. 19. The nethod of claim 17, further conprising discarding

the el ecti7ost @hd enefHodCdE ¢lhint he firtep REMPRASL MRdsuPiAL 2d18EcBNd iparaiRter Wftthe N a

second predetenni%g r%qge. . . . . . .
electrostatic chuck after” completion of at least one of said cleaning, said sealing, said

eliminating and said providing.
18.  The method of claim 17, wherein the second parameter comprises the first parameter.

19.  The method of claim 17, further compriSing’ discarding the electrostatic chuck if the

second measured parameter is not within a second predetermined range.
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