CARRI ER RI NG FOR CARRI ER HEAD BACKGROUND [ 0001] This invention rel ates
generally to chem cal nechanical polishing of substrates, and nore
particularly to a carrier head for use in chem cal nechanica
polishing. [0002] An integrated circuit is typically fornmed on a
substrate by the sequential deposition of conductive, sem conductive
or insulative layers on a silicon substrate. One fabrication step

i nvol ves depositing a filler |ayer over a non-planar surface, and

pl anarizing the filler layer until the non-planar surface is exposed.
For exanple, a conductiGARRIERRINGFORQCABRIEROHEAD on a
patterned insulative layer to fill the trenches or holes in the
insulative layer. The filler layerghgx&R6oneo!l i shed until the raised
pattern of the insulative |layer is exposed. After planarization, the
portions of t#H@1kondudhisiiventioyslatqsgraerally trehpictlaecahanisel pplighigdf pat t ern

of the insul atus\aed Mdahort PirBuMHAR a BiidARa fRFudeiN@SmichiatechmRy de
conductive paths between thin filmcircuits on the substrate. In

addition, pl &hi"#ation is needed to planarize the substrate surface
for photoli Ij rpmmﬁpgy. f[%[n@lfl%tglﬁﬂﬁ it:iatypmhqhamelaahamkfra's%yn& s(e@vm)h ali s
one accepted et ho anarizatjon. This planarization t ho

D e T e g ReS ol eSS ops il BUES o eph PR gpe

pol i shi ng hedabricdtion steMRvapp demmsitisg a flkelager pes e dospledaaoefadf arddhe
substrate is_pl i i | L shin S r belt
pad. The pol?s %%ggﬁa %g%%%gngﬁ%ﬁéyﬂ%wgﬁgﬁgg%8%8%3.%ygggmﬂaa

fi xed- abr asi vendpetiye fillerdayanain beidepesttehersa patteineddiuiativedaghteridldhssteanflge e,

whereas a fi i i W -
oot o nmont | S 88 indAuRRthy O oA By s RE Joief Bl icoobomer

the substrat detirsulgtieriayer is sgpapeds Alterranagration b gorigns of the eondegtive layerhead
has a retai Nkddhididgt@tidh B rted fisteinde the UL TR Hed BrnPHACHUL AR ks that
pol i Shing. AoROLLELDRlLouch, SUER 2 R Sl LY Dl Vg ot oSt
the surface @hndriagtiondd nesdeid Agplpacze e MBMRY sfrB0OR} fhotdinegaspect , a
retaining riggodssemdiy. 18, $e3G5ER S enil P o & 0%pitd Bnod of

planarization. This planarization method typically requires that the substrate be mounted

on a carrier or polishing head of a CMP apparatus. The exposed surface of the substrate

is placed against a rotating polishing disk pad-or belt pad. The polishing pad can be either

a standard pad or a fixed-abrasive pad. A standard pad has a durable roughened surface,

whereas a fixed-abrasive pad has abrasive particles held in a containment media. The

carrier head provides a controllable load on the substrate fo push it against the polishing

pad. The carrier head has a retaining ring which holds the substrate in place during

polishing. A polishing liquid, such as a slury, including at least one chemically-reactive

agent and abrasive particles, is supplied to the surface of the polishing pad.

SUMMARY
[0004) On one aspect, a retaining ring assembly is described, The retaining ring
assembly has a flexible membrane shaped to provide an annular chamber and an annular
retaining ring positioned beneath the flexible membrane. The flexible membrane has
concentric inner and outer side walls, annular concentric rims extending horizontally from
the top edge of the inner and outer side walls, an annular lower surface, and two annular

concentric projections extending downwardly from the annular lower surface. The
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assenbly has a flexible nenbrane shaped to provide an annul ar chanber
and an annul ar retaining ring positioned beneath the flexible
menbrane. The fl exi bl e nenbrane has concentric inner and outer side
wal I s, annul ar concentric rins extending horizontally fromthe top
edge of the inner and outer side walls, an annular | ower surface, and
two annul ar concentric projections extending dommwardly fromthe
annul ar | ower surface. The annul ar retaining ring has an inner
surface configured to circunferentially surround the edge of a
substrat e t o anetlairgiainihgring Has ary inpes surfacd qonliguresiie firmicserhifllyguravd the
contact a polejsstirdguRisle t0aif A Whikard! R REer Mé&%@ﬁ AR éo\ﬁﬁctq.nnul ar
concentric recesses in the annul ar upper surface. %he annul ar
concentric prejiBieipethan yruletprersusace|apd eRpIuAH SongpErisiessys 'S it into

the annul ar GRAAR Bel Surfb@C g6 RmuRf cohé'éﬂm@ﬂfb}gcﬁéns Bﬁﬂl@-ﬂ&hﬁl@méﬂ)ﬂ?ﬂ}e are
[ 0005] I npl enent ati_ons gf the invention. magwl ncl ude one or nore of the

fol | owi ng fedlef'ad inafae gparaepseptuc reqessss obthg anpylaptetalningding | | s of t he
fl exi bl e mempcase may Ilh[ﬂb‘lﬁermﬁbwseﬁtlﬁﬁlfvbmibﬂiha?lﬁzﬁﬂtdtbﬂagr medkoftht he upper
annul ar surf r The annu

ot he oo heles TheeOenPina B RN SRR R 1>

be thi cker t hap hweeunvcdmmmmdct@dmgbelwdmum hrsmlafﬁmda@r@mhbaamuhmrg

surface of thg Lrlnﬁféir é&h@ep{?ﬁ@ﬂ{s%ﬁc?mgﬁ% %@ﬁ%ﬁceﬁtn@{pﬁi@{&gx{tﬂg ‘il:ﬁeCU' ar

hol es, each circu € posi ween
concentric prwbent orsbedhicken ﬂhﬂmjle doowrpd pulerpide wall. tThe a@nhulp’afar shidager

surface. The ,aR0HLRle MBRGEneHHYHAFS Iﬁxfraﬂrf'@f c'ir@&l?r' H3ies) gaahlcﬂaumme have a
plurality of cylindri-cal recesses each cylindrical recess positioned

et ween the POROAFHRAFEER B5ARLHNFIRICORGsRES sRisctions PRiing dewevardlefiom| e
meibr ane to R 6004416 Si@hédThE a{nalamp@& stulfdeg oPvhé RtalndtrRB &ia§ havi e

flexible nmenmbya carrier head., The flexible
et e o BBR T Er e TR et PR i S teeet I Bl The
annul ar r et akmiutagcdntengyicrreoesshg widovaiy theiaxibie ménshuene tqlge skdnedd, to tE repining ar
upper portion n o

portions. Theh%\%mfa?m%?oﬁégﬂe’!lbq%/%m&g Hfaﬁ beglaﬁgﬁ%ﬁ?%%nﬁll geadrrﬁ@‘: have a
plurality of ﬂqnbiembraﬂ&mamrfmd of apslasticpentariab such bs silkvenea: dhapmiulay ri ng
TRy have an aiiheinglchd) i MUnkdiat 1A Slridh Uk AG8ar LGS, bl annul ar
lip has a horizon al” lower surface, a vertical outer surface and a
non- hor i zont APndifgRYEr Rstivern te UPPERRAYE PRTHONS p BB 20t ipwts Perfion 9fghe

retaining ri RguidRYridgaNeg have PNRELLAB Y REs. TUE iuﬁﬁﬁr slrpaﬂlomam& refaihital ar
surface, wherein the Iovver er t éhe upper

nnul ar surfacge

Snhubar sur £ H0EHeY DR R T RAIR ST oo P oA TR

descri bed. Th@'lzbﬂﬁlammr mgfaba: agertitet butetasrfan aacﬂmnﬂnafonfdnmgu;kpaxvsuffgceamhe

i nner surface ¢ nfl thC| reunf erential sSurro Ea galg
substrate to®Ferals ‘°" °§ FEEne ““gl“ba\)(e?"esau?‘?’eéég‘“ a&n‘?u ilia ‘fpé’“
€o ntact a poknrglar ng‘acpaﬂheran tha hower amulappudecesuwiflercian themppa amulaar
concentric reggesses in the annular upper surface, and a plurality of
cylindrical recesses, each cylindrical recess positioned between the
two annul ar W§PHent ru@@@b@éw%a{e@mwmdem da {Theretaingfg ringéncludes

i nvention My, jndehUie s A indtP&fro cohfitrdi®l &lewegmagﬁtsw&ﬁd th Bge
annul ar ring may have an_annul ar | ower partion wth | ower

Surface and & %ﬂ’ﬁ‘iﬁ‘leé"r re@imgbs supite; DAV St“ﬁact" reofigiyprie cenfect geishipg e

upge{ hport I oaadamnh@mbp@@&rtdc@wmmuxmoﬁdaﬁcﬁeekc%esda tt atment upgat erial S,
an e uppe

ortion ndtothel portion
Bondi me. | o urBy traa bty Ofculiios SeobsSe gy e et e Bgveen

ext endi ng inmewa:mmlﬁmmﬂtﬂbmgessecess in the upper portion, and the

proj ection xten ner surface .of the ret ing ring.
The upper ngM ﬁn masmﬁ) t ARV PE s SR orﬂm%l[‘]omer
annul ar sur f fatlewing feataesr "éheanmlngmg mag havelyn draulat ldeer pbhram with the yyer
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[ 0008] I n anot her aspect, a flexible nmenbrane for applyi-ng a load to a
retaining ring is described. The flexible nenbrane includes
concentric inner and outer side walls to surround an annul ar chanber,
annul ar concentric rins extending horizontally fromthe top edge of
the inner and outer side walls, an annul ar | ower surface connected to
the side wall, and two annul ar concentric projections extending
downwardly fromthe annular | ower surface. [0009]I npl enentati ons of
the invention may include one or nore of the followi ng features. The
concentri c i rsnace ambthnaufubar ugped portival Wigh thd upbéraurffdce xhehipper it addowamy
have curved narkang,exheRd o RSl PN ENSANAYLAL b4 RUSHa, WTdiRGT e
annul ar concentric |ns an e ann ar’ concemtric ro ections of the
flexible nenﬁtp\meomy elge bY hbakivg layerahe mavlpripwer Palrmn mw ave spdisctigal | s.
The annul ar eQEéﬁJ:ngsx% %Gﬁesﬁgndfng ?ecégs %h&plllp%e%%ﬁ adH@ thE: Hfo}e@ﬁ‘dﬁ n%@)éxtend
include a plurality g., circular holes, eatch

posi ti oned bétaRess ﬂtnﬁ)ésuffws 05% cﬁtaézrm&:lam Eht yrper peFtiop BBy P%h@sder ¢wethﬁo| es

may be spacedowd: psesa! A wewnaﬁlaﬂsa;tf&wﬁh&caﬁﬁugr}ﬁgmﬁbé thhasl%ha,sae
The fl exible rreng

rane| forne elastic materi al
sili cone. [o@wqrﬁUf&ﬁ%? 'é“‘rre‘é’élﬁ‘éélflg ﬂ‘eé%“fef ﬁ%fﬂcermwgnqhgdﬁa@%*&l%wéd The
carrier ring gtddedsishesdiny fraanme indér stifeg tol’ha\buﬁgsuﬁ'ﬁbel Flﬂ@ﬁleé‘sllfﬁo&@ﬁthe

configured to circunferentiall ret ai r|n a | oner
surface conf |r‘aﬂP’8%I”?gt)m?f’§We (o “l?fg iﬁ ECS maéﬁ 8%‘r‘°*§ﬁfr face
confi gured t eudee atdtasbipedtupper sarfcar Theemtehalafdce nidyde meueerd abomefiteecenular

i ncludes a firts I I r

i nner di anet éIP &%éﬁ%%gﬁlﬁﬁggﬁ%eég&l#%{s laﬁ’%#el%%gﬁi& aceégéé%%letﬁt and
Qbove the fit® region. [0011] I npl enment ati ons of the invention may

i ncl ude one @gooppPr € Ofy db@ed a@ﬁekpx\h%lé E%H«E&Sfcr aﬁﬁﬁng 2Yad to%%tfnﬂﬁg may
have a smal |l er inner_ diaineter per surface.- An outer

surface of t R8s Eapseribad. FP?]%CXFPAV“HW@%PCF“@%%“&W BeEId QWi sidgwalls

sur I ace, The 10 RE6HA aff&%ulaﬂéﬂaﬂlg@' a’imltilél’fdoﬂ&ﬂthahmt; emaﬁmg Hérfhz@ﬁt@lly ﬁl?otm the
vertical surfac ped section conpectin e horizonta

| oner surf ac&Pq ﬁ%f’ c’?ﬂ? 1%?1"385@ bilt"fé‘f‘ a“l“ﬁ@ \?gF‘tsﬁ'Ef C%FCF"élé‘éH'ﬁéﬂQ

ext end from tiag, ahd)mmansuls:rfcamnenmombjwmsi opading éoinvwanily fidiethe @apRS NMaY
define an angbw al.@tep in the outer surface, and the annular step may
have a second vertical surface extendi ng fromthe | ower surface and a
second hori zdW0l | owbrplenanfatiens of e freentiommay meludesane prragre sithé ace and

the second V?Jlﬂ)lvﬁx?lfeaﬁir@sf RfEconéMtcde AREF and bABEI LN aﬁ%e"’m bR e%}a%
diameter edge of the upper surface may be rounded. A plurality o

cylindrical Merbaegyv “b?és FEIAREDLSION the annufsplop ersrfacac Ghe anpdar

plurality of cenbitohirhCal HeQBMTE eSncEmRc ﬂ?@e&@ﬁs‘iﬁ%e@l@x@l@ %an@ﬁ@gﬂiﬁe
interval s ar und he, u, urface. The | ower surface

plurality of ! h ﬁ’&ﬂs%&rf‘&%‘fﬁllshéfh??f% ‘Q‘G‘Fffs‘e\‘éf’éegfg‘z%hex&ﬂ er
surface. The nﬁﬁbﬂ‘anoeﬁxrtlidr gy inalyddxeplaralsly BOotes LY. lcir@d Qoled, edchRols ae
materi al , carnrier ri.n e an .annul

upper porti oﬁ Sﬁg\g?dﬁjﬁkYeﬁrlethﬁppoearm‘élﬁr Iécglélméﬁ'ajrerg%n%in%%%s PR PSS cftl on
havi ng t he | eywelrangularfistereals supind theHewdrowérce. piietiiexible peinbeot it ﬁ)nhétbofﬁpper
portion. Thee]gﬁgma@;laluggesghcg%rt| on and the annul ar | ower portion of
the carrier rin ormed of different materials, for
exanpl e, thel0@pHer poh’tail@ihﬂﬁwctbfecaﬁ’@r riegiis ddscrabede Tl caminctingfiesludes war
portion may %ufapﬁx{%gvﬁ r?mﬂi @ﬁf-‘ab&conﬁguged’to @m%ké!@aﬂlﬂ'smr&nd é‘remgé ng
I ayer may connect per portion anhd the |ower portion,

annul ar | owermq:aé#qwcbwrfﬁwov%rea&éwaﬁct&mﬁmha@ Psh e?dea@tupmﬁ Sléﬁ@t:%ndl ng

into an annubcﬁxﬁgtfr&ﬁt@%§attaﬁhefdh@a%ﬁb@heaﬁoﬂ‘ﬁd Bk Ak R8N Bdion
proj ection exte d al @_@ggg@_‘e in er surface. The recess ma%e define

5 hor i zont al hedolt e & ST e ipmele fhag BRI R UGE B neen
t he hori zont airfatmﬁéensmdfaa@etl&ﬁdst&éz&nl nside wall. The inner surface
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annul ar upper portion configured to be positioned beneath-a base and
an annul ar | ower portion. The carrier ring is configured to
circunferentially surround a retaining ring and has a | ower surface
configured to.-contact a polishing pad. The annul ar upper portion has
rounded portions along the edge of its upper surface and its inner
and outer dianeters. The annular |ower portion has a recess along its
outer dianmeter and a | ower surface with a smaller inner dianeter than
t he upper surface of the annul ar upper portion. [0013]1 npl enentations
of the inventi¢Wdhl nay implkmenttionef dic irvonton oty ialeds glelopmpisgf heat ur es.

The carrier g BYs. ahl RSBEHAR ndy RARE-smdIRE b didnfler fb@e BFp% De
configured to not "contact the edge of a substrate. The annul ar upper

portion may Hefase-aApPuiFraniacy oighe @yier Heg PayARYe PERSTRACHN e {osrep pipase:
surface. The TRORLésRmal BMRAe AARKHEdnRN lcﬁ%i/suiﬁdéea RrtiRhInEck fayd 9 6logl GRS .

The annul ar u per portiqn and the annu ortion.o

carrier ring HE§ee hy henzegiaLiovsrsprizeg ard tgﬁf" SE%‘%E %W'@T‘Yajﬁmg‘éﬂdﬁaﬁ’ as
pl astic. The eaxsiifroni thb Wer supfdettd M s1oped sedfion, Uﬂﬁr@éﬁs&ﬁpﬂéf&b as fraplar
protrudi ng outwar omthe, reces | on ph LS Qut di er. The
annul ar st ep P! ﬂa g mﬁ](?)?’l zdot%?%{]lnu OWBA ?‘feﬁéecon“?heémaﬁsgggcte portion
of the annul axtershrgpfrmther’@aswue‘@heahquc@dme:ahoalhl levoserigecimngtindthe t he
annular | 0WeLe ol LAl B YhcREoRl vl HRARG! AR She #ﬁ?&:&tdgefaﬁd AN ar

step. The ann ?%per portion an e ann ortion may be
made of di f f dizeater ¢dge aftheuppensiiiae alabbmmﬁﬂgd|féyl§rahb@tfwé@ﬁnqah@ce§%

portions. The.a2B0hAkd il me%pepgfriabeo "[‘h%ﬁérah@%@cﬁmﬁ%ﬂ%&sde@mhﬁ B shiRuer
surf ace anng 1ts I nner |aneter t he "annul ar | ower ortlon my

lﬁave an annuweﬁqu%%qu@emfwlsaf%w@aw ri}‘ﬁﬁﬂ&r JP@IOWFW@O@&&%M&%U”ace
al ong its i npRfalifi ARRGLES extéli@igGiom thbRn@s6fR€ lolaf ButkiSsuFhce €Uhe c@rrfet fing Nt O
the recess. The recess aI {&g }He I nner |arre er, oInPthe annul ar upper
portion may 13y Be &STRgl YO'IPRCE PX ik isBY malfre a?:%’ HH® o PORHERE" 8Bt i on
-al ong t he i n&ichiée avbdnhularhipper aoution Baving iEeibped eurfab@and amynnoaylewarpottionar dl y
protruding | t rein
the lip may h?ﬂrﬁ tRenlgwgrqgrféc r{;[h tgél%agrﬁ%&oglfu{e& b tggl%%grgr%ﬁ{ogﬁ@% alnmng its
upper and | omerecdge@nd EI@@M}aIr ivW&nmrﬂmrofétsp@mr nnamraVbs@rbfoermrﬁequr ane

| s descri bedgyislhg rLAtmsb%oﬁe,ammanﬁ@@ppb.ap%nﬁn may Be RRhdd! 08 mblaf dhd el OWET
surface to provide a subst mounti ng surface, and an outer annul ar

portion ext emehgormndm}thﬁéor@a@ ghe Riattie e85 2 pAEHdM. dobandise layer ey

juncture bet wame:t iHRR@ppBRbEHIBOMY RNoWR dortie 10 bisfulaA RV [Rktiod &l ikidhas a
peri pher al ed e hjinge and an annular recess ab ve the hin along t he
outer wall of "l“’r?léla piggon fxiendie 40 71 UGHAT 9958 T ub‘?‘?é?“éi“’“e%@é i nge
has rounded uimkFf prajRctionuria@ exsnd dldng @ 1mdsm'f§cec’ﬁfefred§nrn&d defineladorizontal
?rgme)l Iofant he[ %%,‘]é? ‘Jb ik nlgengg %ea\gfalll%rﬁ ﬁounéela e%%e \étﬁv%% I tg?r:'honzg tAl n%!ey gl?faﬁg\e/eogn
annul ar r ecessl tht oside Walk Thatraer sweidck man tavaan ezwnrdlyamts!tieg Step @hacerd theg

i niar di 'y al opg,} fradd A6 sclfPdy hamfvemgﬂm; whiPERSSorisbR41 Fpb¥eicRe

annul ar portlon tO e annul ar step may have non- ri zont al
upper and |oﬁbﬁrmmmswr&é@@ayhﬂri@efqdéwamhéfr%hﬁtoaﬁ@twpowffélwnﬂwrdé}nnul ar
flaps connecpggdify ddpeTERler AR HHy3havdlitv 2y grm@lud‘nf;gqu a@ﬁébﬁﬁtﬂé filp€r

annul ar flaps connected to the main portion. The two annu] ar fl aps
connect ed t oStfaes- (ﬂ‘Fé‘Pméhhfl}’Fél”erﬁfﬁlWﬁfﬁqu‘%’?ﬂéd?’ﬂ%lﬂ?%ﬂ%wﬁﬁ i on
ext endi ng i NwWakeddgesa Mlle Binéringdte Fafbe tpedibardRfton @pad BdtogiieRE the be
secured to a,base assenbly. The upper annular flap nmay have a
narrower hor [Bont al porti-on than the |ower annular flap. The

i nner nost co[unm]trl C mmumarasﬁebtamcﬁm@mneg:keekcﬁh&dimdﬁﬁieﬂnr[gdraiahon may
have a hOfI ZOﬂt aru Ql’r tort%ﬂcg ure %Or‘lg 051Eion8(§lgen¥a’thaabt haim%l%ngl IT} rfowerg the
out er edge of "t'Re" M5 Zont a r an annurar -ang portion
j oi ned bet wemmdrmérhnaamerpmgiswonﬁgwd td disunfrentzably tserroupda tetammg rifgend
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[ 0016] I n anot her aspect, the invention is directed to a carriwer head
for chem cal nechanical polishing of a substrate having a.front
surface, a back surface and an edge. The carrier head has a base
assenbly, an annular retaining ring positioned beneath the base
assenbly, a first flexible nenbrane shaped to provide an annul ar
chanber positioned beneath the base assenbly and above the annul ar
retaining ring, a carrier ring circunferentially surrounding the
retaining ring and configured to contact a polishing pad, and a
second fl exi bieea sty configaied oropipts 2 polishing pase (Theanyuletiwperagaion has

assenbly and {ifed albh@kd Qoo TBURSRARLHLEOTSs Mhet ald &S Wialnd@R! €
chanbers. The_annu ar retaining ring has two annul ar, concentric

recesses in allCANRIAT pveppapinn hags wesselong its gyiendiameior afde lowes syrfagevidhe t o
contact a p0|silﬁhérﬁguepcﬁ£inetﬁlﬂﬁn&ﬁ uptR Qi faSd T iRGAMGR RfeOptr@sm. t O
circunferenti @& ?/ surrou d the edge.of a subst{ te to retﬁi n the
substrate. THEW st fPREPEYRC AN PR a5 NSRRI OL PO S MEnt r i ¢
proj ections eﬁ&mcemg fegurelo itheeartérying mayrbeattachin o actiasel Mam'iauﬁﬁ@ﬁ@ be
wherein the an concentric. projec I ONns into the
annul ar concgnvuﬁ“c roe%oég%maé:{%? ‘{é 1}“Hnsttf tﬁrﬂ%1 aﬁ%"ﬁ%ﬁerm may faves
carrier ring pragitaef cylirincal recesspen itpeppei sgrfacanahfammaarmweapommw have
portion, wher, e gr [

G et o . The ARk U TROkalhoa ook REFAS AN oher o U,

| ower  surf acamietyingmsyivg e siaels wsnadapbtheiamstmatrgiab ek esgdasig dThaAnylar er
annul ar pot i Qfwee ¥baBinBLinéih@RMh biHRIPHE o RAGS oQtfwa;dnﬂ'rdﬁWhQreQQE lel%rlts

wherein a juncture between the main portion and the outer annular
gortion conproPéediametye Thqanaplan step gy hivepdarizenig! lamerapiage- athevadagss above
t he hinge al @agmﬁ bﬂh@uinﬁlﬁrén@hb m@afsulemﬂo@ﬂ@dxalafmwearonﬁem hr®0tar bRey

peri pher al ) round nner a d surfaces and i

confi gur ed té’g% n ﬁ%l ?q }:'1""3["5‘3)s ﬁﬁﬁ T ﬁpbﬁé ¢ 40pulgrBRPqT ROLRR "imgn
may i ncl ude mht@nmrlarrkm@p@fmmhw Hemladodiidifferéne abtaridswithldiendiag lhyer head
may further 'b@tgdeéﬁdtﬁe ngmng%hﬁ%hg%Ha Ercbogf%{lﬁagf h'z(v%% retcgssﬂilgrhs“ye? shaft,

wherei n the base asse cte ousi ng portion.
The carrier pifRge atase lbem@bﬁam@ma@dﬂtc@mammweapmfmmveanQWWe to a

pol i shi ng pacamjém& gamave@mgwm@ $SMNiE ueﬂep&drﬁsk dhg i AinGAlalde@F, WhiRg May
be greater than the downward pressure applied by the retai ning ring.

The carrier RIS B&izsdgp fibitodhe recesin rlde repess gonpdheipnes diampigrpiice

retaini ng ri Rghulaf BEpePpdmnatayihbvelaOriznAUREr SuffiiR ranmbﬁddem @ﬂ‘xontalnﬂg
carrier ring as W de as the roov i ’}’r‘il ular

| ower porti oﬁhed’}/m‘f H”é’ﬁ‘r gb aalnfs*‘i’l?fd’p?ﬁr RYlionrifyy hexg # inyar @8‘8” géhe
coati ng corrpnrins:edia:mefteraf tEmppersurfaéd) evhseinoinedipithaybiatal wenbﬂﬁtmmlmy have

a plurality qun@%h%ﬁsglé %F?é“%}’mpﬁﬂ%"%t Aggsast one of the annular flaps

may include a no cont gured to reduce downward | oad
tr ansni tted 00a#h at I éa@pﬂlm’epeettaﬂmlmanbmss desoribedy ITht Rexille | east

one of the agpykare ﬂa's%ﬁla% p%rtfoﬁ%xtH@!o@«eP&Eﬂa&e%‘px%fudé Dﬁ:b{ﬁ%em fing30 as 10

reduce conpressions 1 n € nmaln por tion. he” secon e nmenbr ane
may have a pPFuifess ?’ﬂ%ﬂwteaﬁwulpranortfopaﬁsndlwfwha@umé@@tof taoaigfpotiige

annul ar 1 apghéfcried 6étweka tl@exﬂﬁﬁM&xﬁqa@&@gutgrchnﬁ\llir%%lgﬁ‘@as@?)erli;ﬁ@tﬁ!:edgé"e
of the annular flaps to flex when the pressure is _une i'n adj acent

pressurizeab P’é‘g‘é"fﬂﬁﬁé’?"é‘m et ®PYs %WBQ%EPg Hheputet Walh"féf%ir"i‘lie"e?mh[érad for
chem cal necbatn afhe periphedl dage 19fige Aas rounded inner and outer surfaces and is

configured to be compliant.
[0015] Implementations of the invention may inchide one or more of the
following features. The outer annular portion may have an annular recess along its outer

wall and an annular step protruding inwardly along its inner wall, The annular recess
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substrate on a polishing pad is described. The carrier head has-a
base, an annular retaining ring and a carrier ring. The retaining
ring has an inner surface configured to circunferentially surround
the edge of a substrate to retain the substrate, an outer surface,
and a lower surface to contact a polishing pad. The carrier ring has
an inner surface circunferentially surrounding the retaining ring,
an outer surface, an outer surface, and a | ower surface to contact a
pol i shing pad. The | ower surface of the retaining ring has a
plurality of mpyobevethe enauianpirtien tb flexnThpennulanssep mayrheeecwndibrizohel upper

retaining ringqioQef 1Ryl Bk ﬂ%:HBIE ﬁﬁﬁbﬁﬁe &Ma{}@tb@'aﬁl{u&g Akps Rohnedtlifto hRVeT

surface of the carrier ring has a plurali'ty of grooves extending from
the inner surpgtEnypr oRen dagd fepieengenifganaglat fags epppestedde the ggia petiog-he

tcﬁr rier ring,thageb énh@armaw@th%&aéd ?Ehegfulfé%(r@xlﬁla{ ﬁbrﬂi&ﬁ@ndy@n‘é\@ra rﬁHfofntaﬁe Iof
e.carrier ring are W der an ural i rooves in the | ower
surface of tﬁ’@“’g’éf”ﬁ?“m“ﬁg““fafdr%a“dfﬁlﬁff@% é'ﬁ'b‘}r‘/l'l’yal?e g‘i‘f S 1 BESEGURFERE i on
may incl ude oae aasbmﬂprEhﬂfppérhmlﬂa@hhmmvéae:&huwa&onaahel SRt i (e tl’ﬂaead
may i ncl ude subst {IJ t@ esr% havi ng a subc.? aghe erunIt

surf ace, and ‘“‘1’6‘5’8 B tHESUESE ?“éi?“é“"r?&mﬁ?’ AR FHFFL I e ke fon'”
substrat e, aniagaadvefamomontabpctrMaxuamdm@ oufwagllna thickainpabrgshe owgerpdes ofind a

| oad fromth e%%li.{ob{%[ gorrdl&&g A7 B&%lapﬂﬁjgﬁ P&H& yB@lgd Weﬁ?ﬁacﬁ%ﬂ@%ﬁ{&%&t Ly

adj ust abl e. e su ate
menbr ane. Théhegiorizoalal pogtiay TQ¢ m\ﬂe@nglnd pdvion| repydipve |prgercediysfat isjencture

carrier ringymnedSiRRottn talaCils @R Wieh tﬁéhch%ta@ b&m@l Iﬁhx tHde AlARUES
in the lower surface of the retaining ring e plurality of grooves

i(n the | ower cQ§FEGRNYr fapgconngefef fyths majgy P%gp rB@f caft RgreRIvaicelPortioa
plurality of egemiger@m the fkiR pbrEYYE b hSriohtAGRItIBH eltéiding Blomi thd Veglichl paGion,

[ 0020] The det aj nor e e i nrents of the i,nvention are set
Foreh it ho oakt Bish AaE oA oAt Ior R Rt BErgh e Ahesvm Btter
features, obpegterd @nda@dvanblagEs: lmﬁzdnhepdrtimeﬁﬁyih@ve Mallcrbtﬁcl@m@afae nt

fromthe descript.iqgn d i NAs fromt o | PTI ON
OF DRAW NGS %@’%i@fjﬁggﬁogﬁl%&gg oggjﬁggneﬁtofn% corsgcé) 3035%8 méllnagﬁ \C/g:Q ew of a
carri er head ceameneddd thg mam porienpFeserend dndvilink dusrmost GOSRjrela@ulf Aapss a

top view of Qifedidih BERRNYoHRR nfAf héve & BB oPlefifih 64 H3Hzontal portion to length of
vertical portion between about 1.5 and 2.0. At least one of the three outermost concentric
annular flaps connected to the main portion may include a notch at the juncture between
the horizontél portion and the vertical portion, wherein the notch may allow the horizontal
portion to flex vertically., At least one of the concentric annular flaps may include a nofch
at the juncture with the main portion, wherein the notch may reduce compressions in the
:\- . main portion. ‘ '
[8016] In another aspect, the invention is directed to a carrier head for chemical
mechanical polishing of a substrate having a front surface, a back surface and an edge.
The carrier head has a base assembly, an annular retaining ring positioned beneath the
base assembly, a first flexible membrane shaped to provide an annular chamber
positioned beneath the base assembly and above the annular retaining ring, a carrier ring
circumferentially surrounding the retaining ring and configured to contact a polishing |
pad, and a second flexible membrane, wherein the volume between the base assembly and

the second flexible membrane forms six pressurizable chambers. The annular retaining

ring has two annular concentric recesses in an annular upper surface, a lower surface
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[0023]FIG 2B is a bottomview of one inplenmentation of a retaining
ring. [0024]FIG 2C is a cross-sectional view of one inplenentation
of aretaining ring. [0025]FIG 3Ais a top view of one

i mpl ementati.on of a flexible nenbrane. [0026]FIG 3B is a
cross-sectional view of one inplenentation of a flexible nmenbrane.
[0027]FIG 4A is a top view of one inplenentation of a carrier ring.
[0028]FIG 4B is a bottomview of one inplenentation of a carrier
ring. 8 100291FIG 4C is a cross-sectional view of one

i mpl ement at i oanigdured teeomiabigrpolishing pad, and an inner surface configured to

circumferentially surround the edge of a substrate to retain the substrate. The first
flexible membrane has ftwo annular concentric projections extending downwardly from an
annular lower surface, wherein the annular concentric projections are size.d to fit into the
annular concentric recesses of the annular retaining ring, The carrier ring has an annular
upper portion and an annular lower portion, wherein the lower portion has a recess along -
its outer diameter. The second flexible membrane has a main portion with a lower
surface to provide a substrate-mounting surface and an outer annular potion extending
from the outer edge of the main portion, wherein a juncture between the main portion and
the outer annular portion comprises a peripheral edge hinge and an annular recess above
the hinge along the outer wall of the outer annular portion. The peripheral edge hinge has
( - rounded inner and outer surfaces and is configured to be compliant,
[0017] Implementations of the invention may include one or more of the
following features. The carrier head may further include a housing portion to be secured
to a drive shaft, wherein the base assembly may be connected to the housing portion., The
carrier ring may be configured to apply a downward pressure to a polishing pad. The
downward pressure applied by the carrier ring may be greater than the downward
pressure applied by the retaining ring. The carrier ring may be formed of a more rigid
material than the retaining ring. The grooves in the annular lower portion of the carrier
ring may be at least as wide as the grooves jn the annular lower portion of the retaining
_ting. The carrier head may have a coating comprised of aluminum. The second flexible
membrane may have a plurality of annular flaps, where at least one of the annular flaps
may include a notch positioned and configured to reduce downward load transmitted from
at least one of the chambers through the at least one of the annular flaps to the main
portion of the membrane so as to reduce compressions in the main portion. The second
flexible membrane may have a plurality of annular flaps, where at least one of the annular
flaps may include a notch adapted to allow the at least one of the annular flaps to flex
when the pressure is unequal in adjacent pressurizeable chambers.
[0018] In another aspect, a carrier head for chemical mechanical polishing of a
substrate on a polishing pad is describgd. The carrier head has a base, an annular
retaining ring and a g:arrier' ring. The retaining ring has an inner surface configured to
circumferentially surround the edge of a substrate fo retain the subsirate, an outer surface,

and a lower surface to contact a polishing pad. The carrier ring has an inner surface

7



[ 0030] FI GS. 4D and 4F are a cross-sectional views of other

| npl ementations of a carrier ring. [00311FIGS. 4E, 4G and 4H are a
cross-sectional views of inplenentations of a unitary carrier ring.
100321FIG 5 is a partial cross-sectional view of a flexible nmenbrane.
[ 00331Li ke reference synbols in the various draw ngs indicate |ike

el ements. DETAI LED DESCRI PTI ON 100341 Referring to FIG 1, a
substrate 10 will be polished by a chem cal nechani cal polishing
(CWP) apparatus that has a carrier head 100. A description of a CWP
appar at us nayirbenfeentintly sutrobhding thedeatningNag, ab pﬂa&uﬁﬁeﬂ, antob@r @rfhdel #d a

di scl f, _whi ted h f 5] Th
carrior head ‘10 °fiier Geeledt RaEhh e Bh o Rertri S AELE R Py il
gi nbal mechamplsatitd fgrqonts egtendimg/(rdve the omssi Sdéacedf thewetaingfg rtnbeo tba@eer
assenbly 104), 2. L)Ptﬁgf'eﬁgmg}gigq% lo%grasu ?Ce%?til +aﬂ"i6§]gf1%fla@g R@?a%

including a retarning rin |rst exi 300
shaped to pr @vdodes eaiendinhinathe e pdace 95he cagries sing fodlre qurenglrmmaf thend a

substrate backipg; Sa%@@melp‘!'urélh%ioofvgfﬁoqgk ih {hE mgﬁxr@ce%@ﬁﬁegnéﬂrﬁémlvﬁda

menbr ane 500 t hat efl nes a uralit pressuri zabl e chanbers.
O her feat ur dandhe l’%‘ﬁ@‘%%fr%“if’é?s ‘ﬁéﬁ@“ﬁé%@?%@&‘eﬁ%@mﬁg "%y | ar carrier

head may be f omn]d in Unﬁem&it’d&@ﬁﬁofﬁ&%ﬁeﬁkﬂbhﬁﬂuﬂdb& briedt inore olhe
2006/ 0154580, folF) t| re gl scl.osur.e of

by refer ence i S My B e B AP PP T EA
. shape and canutheate mnmmg &dface, and a load from the substrate mounting surface on the "

substrate, a load from the retaining ring on the polishing pad and a load from the carrier
(~ ring on the polishing pad may be independently adjustable. The substrate backing

member may include a flexible membrane. The plurality of grooves in the lower surface

of the carrier ring may be about twice as wide as the plurality of grooves in the lower

surface of the retaining ring. The plurality of grooves in the lower surface of the carrier

ring may be aligned with the plurality of grooves in the lower surface of the retaining

ring.

[0020] The details of one or more embodiments of the invention are set forth in

.the accompanying drawings and the description below. Other features, objects, and

advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS
o [062]1] FIG. 1 shows a schematic cross-sectional view of a carrier head according
N to the present iﬁvention.
[0622] FIG. 2A is a top view of one implementation of a retaining ring.
[0023] FIG. 2B is a bottom view of one implementation of a retaining ring.
[0024] FIG. 2C is a cross-sectional view of one implementation of a retaining
ring,
(0025] FIG 3Aisa toin view of one implementation of a flexible membrane.
[0026] FIG 3B is a cross-sectional view of one implementation of a flexibie
membrane.
[0027] FIG. 4Ais a top view of one implementation of a carrier ring.
[0028] FIG. 4B is a bottom view of one implementation of a carrier ring.
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to a drive shaft to rotate therewith during polishing. There nmay be
passages (not illustrated) extending through the housing 102 for
pneumatic control of the carrier head 100. The base assenbly 104 is a
vertically novabl e assenbly | ocated beneath the housing 102. The

gi mbal mechani sm 106 pernits the base assenbly 104 to ginbal relative
to the housing 102 while preventing lateral notion of the base
assenbly 104 relative to the housing 102. The | oadi ng chanber 108 is
| ocat ed between the housing 102 and the base assenbly 104 to apply a
| oad, i.e., a0eRANwnwar FIGri€ssarsressesectipmil giaw of ong implembygeion ofssamist yngl 04.
The verti cal jtion t | :

pol i shi ng padﬁi&? al so Ig%?\t‘@galn gggrg?/%l? %‘%“ﬁgﬂeé’gg{]&% l%%gén%rﬁ ofa
substrate bacterisgrisgssenbl y 110 incl udes a flexible nenbrane 500 with
a lower surfge@ipl2 t hass aaN@ERUHOR. @crageiee&lbmwawJf%ﬁﬁmﬁ&ianans ofa
substrate 10. L assenbl clanped to a base assenbly 104. The retaining
ring assenblyméﬂﬁc%ﬁmﬁ%ﬁstructed froma retaining ring 200 and a

f1exibl e mentpesag 300 P’Sdialb%q:aftﬁl Pose¥dctenabAevabMieRiblcGhaskas. 350. The
retaining rlr} ggo 05|t|ond eneaththeflﬁﬁaﬁble nbr ane
300 and confi 8‘{? dto ‘8” fc?ﬁ"reé%f“'i" P fig Verouk fpivineTi oS-
10038] As shown in FIG 2A-2C, the retaining ring 200 has an,l nner
surface 231 and a | ower surfacmé_‘ﬁgmﬂ'mstm[oﬁurface 231 can be
configured to circunf eantl ally surround the e of a substrate 10-
to retain thd®@dbst r ateieHinE® blas%q‘ifrﬁ@wWé’eP%WB‘idbé’GFP%@ 1232 of
the retai ni NGnedchan@alI0shaFICHR) fypard@iihai hat Dcabnhéad 1 00M A desaiphet] drahi ng

d. Th t ai. ni 200 h f t hat
R oo o b Pt 03, 0B8R S HRBHY w3t 8L AR
recesses 233 iciaceripeatsd leeeth Byoeferrbeer | ock with a fl exi bl e nenbrane 300
posi ti oned aﬁ@é?]eéhe ‘rﬂl& ?ﬂr@érﬂgad 1b6‘£&c1§$ega hLuq g?&%-rh%asregt %al’}lb %ﬂ%g I ng 200

can be constrt fromtwo rings ower a and an
upper annul argintet meehanisg 506 (Whish tn@weﬁrwp@‘iemdmnrt pf3he bﬂaﬂasmblmlroﬂhd of a

raterial whi qging cm%@a @Rl iah ghhg hBerfbl F;Q}{Eiucnﬁméﬁun $HE BocP5ia @ first

pl astic, phenyl ene su | ower portion shoul

al so be dur atﬂeé‘glﬁ ﬁﬂmﬁ’&%)"em& shapg W/@&wc}eaﬁ @muhahchamhﬁréﬁ% A carpigraing 4 r

pOL t It 0 nt S hog lagd b@lbmfema?dﬁg%éefab@qur@msmnah@s 8 @ecbﬂfﬁexﬁﬁnﬁe%ﬁ]angfmd he
substrate e ai ns e retaining. ri oes _not cause e
substrate t O%B’h?“gm??r yrefiiy o pﬁfswl%@%pgﬁi{ﬁer Toppges |D o5 Peadon

shoul d not bdestbelf@sitsintilat trier dendmwa bel fquﬁmw @ateift Atpbll&:ali@tmbl'ﬂaﬁ@ ri ng
causes the | %NEEOOQ@H t5 QP the%?t‘ia?f hlscq(gs% elo? chltl 15%1(:% uora%ed ﬁ Tein Ly re?cr%heggr

recess. The I ower ralni ng ring can Have an

di anet er jusﬁﬂfﬂélrger ffhtahpuslhﬁiﬂé’,wbisgma‘a@btlcamrmsha}@ agd candbovrteded? nm
| arger than Ttd“?drﬁfl:'%fftr@}‘i‘aéj&é}%‘ﬁﬁd’ ot ‘
posi tioning tol er ancesf of 1 t subsup?g}t) 9’? J%%eﬁéé?g{%?n Qéfﬁe retaini ng
king can hav éluatrqt%?ﬁ?ndwg&ﬁwgbfheé%mg 1H%1f°F PlﬁﬁmPthcqqnm{l ohojamies hesgper
portion 235 afig. trhebak@isRimbiy@and D@ ISl Tﬂﬁ@latéafbeﬁeamﬁ&{ohﬁﬁ

that is m)re r| d {ng’PGP%’ge | ower portion mat eri al” can

be a netal, he g nisgy |08 Ipem’r‘rté g ene ﬁi?ﬁ’i“bléﬂlm“éP t&’rﬁbﬁ'd Riptiggto the
ceramc, e.g housﬁllg U0l Wiile phéveRing Giterdd SRR FNthe baRla8demBlyS 04 relative to the

housing 102. The loading chamber 108 is located between the housing 102 and the base

assembly 104 to apply a load, i.e., a downward pressure or weight, to the base assembly
104. The vertical position of the base assembly 104 relative to a polishing pad is also
controlled by the loading chamber 108. The substrate backing assembly 110 includes a
flexible membrane 500 with a lower surface 512 that can provide a mounting surface for

a substrate 10.



10041] When the two rings 234, 235 of the retaining ring are joined,
the upper surface of the |ower portion 234 is positioned adjacent to
the | ower surface of the upper portion 235. The two rings generally
have substantially the same di nensions at the inner and outer

di aneters on their adjacent surfaces such that the two rings 234, 235
forma flush surface where the two rings 234, 235 neet when they are -
joined. [0042] The two annul ar portions can be attached with a
bondi ng | ayer 236 between their adjacent surfaces. The bonding | ayer

236 between t 183 wo rilkderiega Ffﬁse%ﬁﬁ 1 fhpter§ cof bedeldiby ¢ rqtginingdng
retaining ri n@seniﬂry&ldhﬂﬂd torlfgaakeaﬁﬁhbljﬂoci Dhe fi@:ﬂﬁin@f’mgﬁﬁseﬁ@f}%ﬁ Nee

t |, h '
Ferper at Ur o cBBRFEPBPSHun AP B iR A Pasbro Bedte o
hi gh heat duranngatdhenipoBios I‘Iihag:taﬁm:fgcrag 200 daf be @crsttahemi befgathaeEikidle ons,
th I 00431 Th

e epoxy I ne, %Irgb %13886 Xn% CO1l r%ul%ggj bgg%d% ﬁiq tﬁag&x&l{; ?l}?éﬁ& € upper

surface of the upper portro recesses or
~hol es 212 wi tI8038¢r ew s«%ﬁ@a@mmﬁ@ﬂANUW)emmngm@ﬂ@basfaaaherrsenfap 23luch

as bolts, scr , s ng,ring
200 1o the i1 Saiiy aF aftkley DRNRE Sunces S ELIRRIB kB0, 1) 0O
can be evenl yusprd i cdgcntngubstmte Hde zitait the subbtride durits palishizm Jibe loveed

bet ween the tyHRNBLbMAR: CORGERLE 2D cs@seeo%&%ﬁt 1863 SontdcP Pt msﬁl@gﬁd
i npl enentatiqns, the retaining ring 200 has one or nore slurry

transport charifaq@nBeBng0p hasn Fﬁ““ﬂaﬁ wprepipEroedhit fag dhaves wo annplapcagpagtricy
transport chasgekes230X rrdeadntanchtatric flekes@BREERHE kizddQo (nf@10EUMYie a

i aneter of t ower, on.234 for_allow n lurry to pass from
gh.g exterior eélb[eﬁléerqbﬁ?‘% (?dd?ps%?negﬁ%’v?g’?&tﬁ’i’?%‘%ﬁiszﬂg during polishing.
The slurry triees@port dharemblisg i2@20€en bbeommreuyrompacﬁﬁlg,samw&dmﬁdm&

retaining ri r]_-%glolf—-ﬁf nﬁaﬁjgﬂp\ér &Pﬂ%ﬁ:ﬁg@ﬁ 2@%@?&@65{?&%}1 %94 ?_lanbo fS a?{-'a'ﬁlt an

angle, e.g. ativ I Us passin
The channel s resigsahwhieh inchemirelly iofrt mtsGMP motx%suf:hestvasasm[ ©@845] I n sonme

i npl enent at i %@ph&ﬂ@nersﬁﬂ“aé m»@p Thb me%qloﬁﬁﬁomso% dﬁv;%@amg&%%vhm es

that extend throu of the retaining ring fromthe Inner
di aneter to tf&F rérﬁt @radﬂfl%rhﬁ’teé?welf Brtion sheptd bropufticigngy comprgssiblggorthas

wat er, to pasBnthdt 6fthd dUBstiatdleBfcl ahingt the tdiAniBX &€ dodY not Qe theXWbSAR to chip
e retaini pol i shing. The

exterior to the inte dur|
t hr ough- hol e$" F&H" g%?tt%erﬂ!lﬂef ﬁif“S’JB%k’Y’Ffé’OU‘Bbg% {5‘ e e19s48 thafdpanivgide g h
hol es can be pesmind op tspaeiaihg aing chosks tHedowee batitt 10 @xtruide fhto the substrate
receiving recess. The lower portion of the retaining ring can have an inner diameter just
larger than the substrate diameter, e.g., about 1-2 mm larger than the substrate diameter,
§0 as to accommodate positioning tolerances of the substrate loading system. The
_retaim‘ng ring can have a radial width of about half an inch.

[0040] The upper portion 235 of the retaining ring 200 can be formed of a
material that is more rigid than the lower portion 234. The rigid material can be a metal,
e.g., stainless steel, molybdenum, or aluminum, or a ceramic, e.g., alumina, or other
exemplary materials,

[0041] When the two rings 234, 235 of the retaining ring are joined, the upper
surface of the lower portion 234 is positioned adjacent to the lower surface of the upper
portion 235. The two rings generally have substantially the same dimensions at the inner
and outer diameters on their adjacent surfaces such that the two rings 234, 235 form a

flush surface where the two rings 234, 235 meet when they are joined.
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[ 0046] I n sone inplenmentations, the upper portion 235 of the retaining
ring can have a |lip 237 along its outer surface 238. The |lip can have
a horizontal |ower surface, a vertical outer surface, and a sl oping,
non-horizontal upper surface. The lip 237 can provide a hard stop for
the retaining ring against the top inner edge of the carrier ring 400
as the retaining ring wears during substrate polishing. [0047)In sone
i npl ementations, the outer surface 238 of the upper portion 235 can
forma recess 246 above the |ip 237 (the portion of the outer surface
above the | i pl0P&IrecesBedve el nogtiopeap heatigehet iwith a pnditgdayerA36r

surface bel owehii@n tHef hdjackitistrfdc8C GRS hRAfs 1aREQYé BBFech RRGS, Bﬁ’g’s e side
wal s 324 of the flexible nenbrane 300 to_roll when the chanber 350

i s evacuat ed. PrSH48PRIRE %féﬁ‘EY B EhiiRgatng-oh bopding Jayss panke medierf 2p 35 of
t he retaini Ngadhésig n&&ﬁalb@cﬂ\@sc&a[o“actunhg & a|f£2iV-\@fr1n§ uﬁd‘xﬁcslgh Réferhiu cJ

surface. For ex hav. ta ered reglon
390 of oped | oA URpRon Ot heRng b 35 E Ty Seieatiiss e bolBRRE Spreee
~bott om bel owla cmrmmpahema@nmhezﬂ&y uIEhﬂestm;mmmd afidedibiitic Z4fescan be

adj acent the r sur 0 235. The.inner
surface of t ﬂb&%v\e fh@%fpe?ig%% OfHIEPJ rﬂ |2§gfan e ﬁ@‘n%ﬁﬁg‘iﬁcesses
portion of thehelexZi2 mﬂhgcrw dgabhe(aotshm tqrgcesmlﬁmenas,@uqh@t badtsisgws, bhe
narrower Upp%rthel' EH?@\!Uaré Wr s&ﬁﬁngmm ;egﬁut( ?%GU tg%erﬂeﬂglemeﬁxggé pgear on

an adjacent flexib nbr ane t at p es a substrate-nounting
surface. In a’GHP?rie@)PPOVFﬁ Therheles i3 camparvenly endecd arayed &ptefaininggizg end are

surface of thgsifile@bdtivitd thd Y aEAfr RBcHRRLREWBH a nonstick coating,
e.g., paryl egg%rql0049 In sqne, i npl enentatigns, shown in FIG 2D, the

Lﬁpper surfac the I'HHWEE “BBIF‘E‘?W"%W Fripdning mne30Q kasiopsorsupae IR

ext ends i nt 0 tanpoit EIBRRNIIL AGmEERERIovdR sarfaee iBQWﬂ?ﬁe Mfyftﬁﬁ@o@f:hahﬁb@s upper

portion 235. The L8&t ion 244 c e .an ext

around the r ef‘tgl dn’?or?b he g diamieser tod tﬁ (Blg T QiwpEY oghﬁédové"? PoTFiep %ﬁﬁ%,ﬂﬂ&'ﬁlg ace

of the retai sy torpasﬂg”rdlmthpmmod@ the istedqr-of thketa“xe@ rurgelunﬂ'mmllhmgd The

| ayer 236 ca ctlon
y Qlulﬁgﬁ?lﬁp%rlﬁlhgﬂglsbafcag%g g\;enlpr%% cf %un e retalm]p%rmcge @’a&l

244. |1 n operat ste eature ers ear
| ower porti orrapspart ¢hapisl 24?673?)@4 oEsetiahap apgle) cign 8’ Bplﬂtla@ wrtkel raCh@rp@Bm@n t he

vertical wal lyné3f nfchilhe, I@nmh@fﬁielseghl?a%a@faﬁ.d'a‘asocamz%%&hxse force on
t he associ at ed gortlon of the bonding |ayer 236. The tapered region

240 is illustt¥Pled asipgre lrawlel???éanarﬁp‘é? A 88 A thip
proj ecti on 24dles rhutexﬁemhfoa@ﬁnesbdy 80hORtadMHg g Bofl thanRalikmér 1§ ke | ower
PO o 234 e e B 3555 L PG e e ™
t oget her f or mxtedie, or from the exterior to the interior, of the retaining ring during polishing. The
through-holes can extend through the upper portion 235. The through holes can be evenly
. spaced around the retaining ring. |
(0046] In some implementations, the upper portion 235 of the retaining ring can
have a lip 237 along its outer surface 238. The lip can have a horizontal lower surface, a
vertical outer surface, and a sloping, non-horizontal upper surface. The lip 237 can
provide a hard stop for the retaining ring against the top inner edge of the carrier ring 400
as the retaining ring wears during substrate polishing.
[0047] In some implementations, the outer surface 238 of the upper portion 235
can form a recess 246 above the lip 237 (the portion of the outer surface above the lip is

recessed relative to the portion of the outer surface below the lip). This recess 246
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retaining ring assenbly. The flexible nenbrane 300 is configured to
be cl anped above to a base assenbly 104 and secured below to an
annul ar retaining ring 200, providing an annul ar chanber 350 above
the retaining ring. Wien the annul ar chanmber 350 is pressurized, the
fl exi bl e menbrane provides an i ndependently controllable |oad on the
retaining ring. The load on the retaining ring provides a |load to a
pol i shing pad. | ndependent Ioading on the retaining ring can aIIow
consi st ent Ioadlng on%% s the ring _wears. Positioning th

P ext bl o memHraHiE BEFHBBIe Fe A BEH HHM P hgembimne fD € MR tead can

reduce or el |dﬁh:ﬂﬁatresa1bevabﬁ§:bact of carrier distortion on the retaining

ri ng which oc whe t he ri sSec to the carri
nond. "o el TR 0oy borgs oRRendtofls 6 Gineagh B i HateTelhe Fls (b on
wear on the retleianitsigwerismipce thewisopger pirice Sor warmplzbhé lnhgtsﬁfacéﬁﬂ can

bstrat d h
Chor enai ng 1 ke FRRSEIAECR0 BN AR B, R BloER R iab e foBe 1
menbr ane 300 Hatiom bt @ Mertifat regmam &42. é"hdtaw@demglsl € combel agdjaBtithe Ibhver
flexible mmnm@omu@mm\@s@ mmﬂ% %@B%@‘fo%}ﬁaﬁt 1294 ﬁatbsnd' ng

hori zontal Iy and i nwar fromthe top e ge 324.

The fl exi bl e VABiF#r éh@eéfa‘f?f Pratiosy Oéﬁas@ﬂal%g g yeeses da@géﬁ)eﬁvyte POshipg.tthe a

clanp ring pogidv@r rb@ér@wacbef@mmn&rg nﬁgﬁ@vesf%zve&fontah%dﬁdeme%ﬁ
menbr ane. Addi ti ona t e flexible menbrane 300 _ has: a’| ower

surface. Ther¥LHH® Bﬂ@y RGOS A TSR BORERRTFRC. gR aJdton; BAuns 26

ext endi ng dO\Mﬂ)ﬁ\l@mdita)tloﬁS’ aRchthenaaButaé of tlvefintyg Hh@ em bakodidaavithlagsh bl e
enbr ane. The§ﬁ( g}u ar %opcentrl C projections 326 can be sized to

fit into the daindf'aP “odcentfic recesses 233 in the top surface of

t he retaini ng0td4Phg 200n posiimplementhtibes thﬁlﬁlmﬂhbhmmmﬁatmme

[ 0052] The fl IMr r t ecan be

fornmed of a ?ratégk’&a hgﬂ‘ep gj %ggtﬁﬁé%a*tﬁhglnm Mﬁggp ra%%tﬂf}é fle

under pressufaver W@C@fé@tqpéefﬂmﬁl@ﬂ%l Tb%mwm'@h%@asm povage.and ot her '

exenpl ary rrawtemlgsam&l@ﬁééaﬂmg tlu% cMefp%ﬁﬁor@ﬁ atttﬁlﬁmfle!r Gt &tﬂgenbr ane
he

can include circular holes 312. circul ar holes 312 can be

posi ti oned bEXSRARTIREE PAXISe & siERTlike featse s bpRding sy F@t"?‘bﬁ%ﬂﬂé 2lengiiel can

be evenly s paaedvearcmwmi off e plofusdn zaw IngQatidh, thidetep re@e&fema@sfége?a%ane
ners as olts

The circul ar _hol es 0 f.ast sych
screws, or ot NeomHAs 89(/5rrp8gm? g%‘ Ig%boﬁj] h’f‘%%a f“ft%?(}afﬂwi e B e vertisdo t o
t he ret ai ni ngrvail RBof2i hrojéatios idmnd m:ﬁn@mmeaﬁmemsthe hBodealorioh bfthe

flexible ITEMB{. Q%ASIQIOZS%OTLJR pel;‘e%tr@(nlzﬂg is lh gatgcp a% pal’?‘of tg‘ed ?pgjviso\é%’on ’3359 '

Loctite, is pla he T ecess
i nserted t hr edigdsntthaprpiettion 244 butithe tapaed fdg@xrlﬁﬂ @uldéanmraafeheﬂ@@enpnmont he

8081 Vi NG [ ©O8R8ES 12 hber sl of HDFfchBNR) ulFBRAE 300 can e

effectlvely E)ermanent }1/ j ol ned he retaining ring 200.
e refaining nng 200 and a flexible membrane 300 together form the

A retaining ring assembly. The flexible membrane 300 is configured to be clamped above
to a base assembly 104 and secured below to an annular retaining ring 200, providing an
annular chamber 350 above the retaining ring. When the annular chamber 350 is
pressurized, the flexible membrane provides an independently controllable load on the
retaim‘ng ring. The load on the retaining ring provides a load to a polishing pad.
[ndependent loading on the retaining ring can allow consistent loading on the pad as the
ring wears. Positioning the flexible membrane between the retaining ring and the carrier
head can reduce or eliminate the impact of carrier distortion on the retaining ring which

occurs when the ring is directly secured to the carrier head. The elimination of this carrier
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[0054] I n sone inplenmentations, the concentric inner and outer side
wal I's 324 of the flexible nenbrane 300 can wap around below to form
a |lower surface with curved portions 328. When the fl exi bl e nmenbrane
is secured to a retaining ring 200, the curved portions 328 can
extend bel ow t he upper surface of the retaining ring. The curved
portions 328 provide a rolling hinge that permts the bottom of the
fl exi bl e menbrane to nove up and down in response to pressurization
or evacuation of the chanber 350 w thout substantial bul ging of the
si de wal | s 3Zlstortion redyaes tearmen meprtos thetréieiniag rivd, sadugep prgce3Y@riatahty biethe

thi cker than sw;bﬁ‘at% E&ﬁ% é?(aleﬁa%leg’%%re{:gohglﬂ% pﬁ'és%sl&; @emlél%&%g n-BEﬁfeaﬁQm ar

concentric pr O| ections can al'so t hi cker than the sid

324. [0055] MMSLE t he ﬁﬁéboa’rwﬁwrMréB,Zbﬁoﬂwledwbr@aP%wﬁ @W@W%ﬂ%

substrate 10 :adeutis@Y nds Ba! THARBEMBIHRGE SH c@@mvé Qbalr $ffaﬁnu¢aahﬁals 812
ring 400 provide osi ti n|n ferencin ad to

0 rrier
the surface ¥R BRI B‘é?fdly%ﬁmé’&"di’ﬁ ?“gﬁc’*f tbmd% s #% The ﬁi‘j‘l%o
contacts and npndyine es: Heataﬁpéﬂ to b ®ise aasbly Pp4ofithtalvenipeing positiged hefogy (ROO.

Th 400 d,t nf

fetai i ng ri RERIBOT e e Bty R P YRl o
the carrier rilewer 40Gcs dihetsgatblpedrg tnulandopceptipexictions 886 &tgpdibg shi ng
pad. [0056] A%c)@m% Tﬁmﬂe@nmﬁﬁ’lcﬂz@r sdlrﬂ o(f“f}f rﬂe%BIeHengraﬁQ OI‘J)%%Q ye an

annul ar upper porti dn 431 and an annu ower ]gortl on . e upper
portion 431 cagFersEc poisttiondivédabaizat ¢ fi inroibeanmglseqentoptrie 0esesd3Z ian

have rounded @RAgs ueBS O@Lh@eaalsl}gﬁnﬂg%@bosﬁmﬂemh%rthm&mﬂnﬁorﬁé Its
upper surface 434. The inner diameter of the section of the |ower

[ﬁort i on 432 t#SE cont 38¢ dexitiemenabrane dPGef the Tigindig oing asssmpdy cap e BEped han

the outer di apEiekridthatibelaasSMewnl ¢€ n2Bbiho f8f wideCréssirai THeRBstdl NY;
i f theretalnln%rln inch w then the inner

di ameter of CHEVRSH ﬂ%@geﬁ%ﬁﬁnwgPtlh?)reex%{?)"éﬂméﬁnﬁ%ch | arger than the
‘substrate, fd@i0s8xanpl @he lawen sarfee offhafledidy mafibrals oatt indlBdeiciratia hoko312a

300 mm ( 12 i %Q Zlmﬁftﬂpﬁotlés %E ?C&&F)ggésg[lgg;&j)ﬁb\%%e & agmu(?ar calf%ntggﬁo_]%]&%ns

recess 441 alo out er ecess
defined by a 3%@@&@31?6 exenly speeed 4awRndethe leweli sndiack pbthe fldxébldoemtomeslihf ace

433, a hori zephah nsity F12¢6 AbhnrSashe @Qaeﬁws f-Am ﬁohe SO Ebr &h&e?ﬂﬁ&v%e 440

and a sl oped surface 444 connectlng vertical surface 442
hori zontal sd¥FerEnethsilexiemeniyaes %‘Qrﬁée refpining EngFpimyg™sor t i on as

nmeasur ed al ofgplémdntelom] to@éo@fe&hssmibleeﬁbmwaasmoﬁferéthﬁnglﬂ%ezromt edge
of the sl opi ng}esurfac The, .| rea?g ﬁﬂeon 432 can have, a rounded

44.

portion al on§“tHe" 8§g§°°(51fe pREeg PIHODE VAR PR HBESDnt al

surface 443. tl{rﬁ@ﬁ&)}:hslcsnd\dmthb fiediEmeibanei 300 Soatke temlmemmlnns t he

recess 441 i s, furt def i ste 35b

out wardly. Tﬁfgu aé?nﬂ xélbrles{m i 3@%“‘3@5 eé;\%}‘éeq%pcﬁ"érlritd'ﬁ? ?&Pg’v\éé%mmﬂgf ace,
| oped surﬁ'lag.:ZDO and a rounded portion along the edge of the two

S urfaces. o¥4jdest RARLE gx?}pl&%enkﬂ&satﬂé%k@e%tré%ﬁ@r a%igger si’d% é'ia%iro?d

al ong a radla cross sect | e lower portion e at the
upper nmost edge figxible membrptQcas viap auesipelopioSop pﬂpv@omface wnh curved

i mpl enent at i QeBons358. SWAMThe flexfbleGrenttiane {sREcufedtd 4 Rlainidg e BES uRBurved

portions 328 can extend below the upper surface of the retaining ring. The curved
portions 328 provide a rolling hinge that permits the bottom of the flexible membrane to
move up and down in response to pressurization or evacuation of the chamber 350
without substantial bulging of the side walls 324 . In some embodiments, the annular
rims 322 can be thicker than the side walls 324 of the flexible membrane. The annular

concentric projections 326 can also be thicker than the side walls 324.
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inwardly protruding step in the |ower portion 432 along the inner
surface 430. In other inplenentations, as shown in FIG 4E, the
carrier ring has an inner surface 430 which is not perpendicular, as
represented by the dashed Iine in FIG 4E, to the | ower surface 433
of the carrier ring (although FIG 4E and illustrates a single-piece
ring, the sloped inner surface could be applicable to a two-part
ring as shown in FIGS. 4C and 4D). The inner surface 430 can incline
outwardly fromtop to bottom with the region of the inner surface
430 adj acent [0#88] | owerWhilsrthereeinipg BnpeiOrigeanfipirédrie cetaitfhsubsiratel I0@nd i nner
di aneter adj gk aEm ehé&%&ceé%&ttﬁa@%e%gi%er(ﬂ@@@b@ﬁhwﬁa%ogll%ngng%r burmp or
inclined surface) rel ative regi ons the I nner "surface

al | ows t he caefereasingqfily oelawﬂ&eféhgqusyrchéﬁ%thfeml@wmdr@taéﬁlﬁ%@wrﬁg

200, and provisdeso édﬂfact@@xﬂﬁir&ﬁ&@?a)&rdl Pefdré}Rink O£A4 JeRhiiring 000, AGE chaimeen
even as the carrier ring

the retaining.rin carrier

wears during P8/t P@'ﬁf?{gf torf C‘gﬁfﬁ@ftfﬂhg’m?waar&a?‘{nﬁﬁhg 200 t¥kedent  of
the feature &Etai&ahgnb@&ﬁcﬂm@fsurfabﬂ%@fthb&d’mé’rlrilﬂgtl@‘.)aﬂn B et info@bsiatt ng  of
t he ret aini ng, r}%‘l npg éhe retaining ring contacts the carrier ring.
In sone inpl eHERPRES ﬁ?a the | ower surface 433 of the lower portion
432 has a snddI56F i nneys sblivare FEL 4hHentht tredan fpes00s e faae en ahBvlaraippérhe
upper portio t se
A L e L
retaining rihgnede bamsmblytla‘* @@rwahﬁve toh@ﬂeéd@]‘em@ﬁloag the bwerrand eutdr0 .- The
upper porti ongdRikrQf i1b ApeCRFikide @84, rtswmfb%mﬁa& ok e Lé&d&l Sithel |1y p6Ribn

recesses or holes 412 with screw sheaths (not shown) to receive
1(ast eners, suéhthateopfagts the relaining fing 200 is fshlageniban dispuisr dipgpter9dthgr i ng t he

carrier ri ng aék@@at&@po’itldh&ﬂf ﬂlﬁ@éﬁﬁﬂ?{hﬁg, Q. reta-hhﬂg haY iegboftindifeahch @iyvenl y
spaced aroun)céi e. Cal’él er

enentati on t he, hol es
205 50 mot ot Gt ok B cotoRe OLRRE s o s febveengr
For exanpl e, fasxsipdayan innerldiateted 6t abiun @3 im_d{eeﬁaream e (1 Dieck) adsend. i rel y
?bove the fl @?}0517 Ower %‘ Fo%gr poﬁ%% 4326‘(%9;11;\:'@%@&: ¥14l Q%nm outgrD m?m €I=r|4gd1rrent
eat ur es, S ures Bt proj ect’i ons
| ocat ed on t Fiée teogss é‘UrCfaJabfedcﬂBﬂi tha Vpﬂtleal &pf;eﬂﬂécﬂbndms flbﬁmhe dettomhe
carrier 1ingiage A Ahd-SATRRADLL H:fyind i h@@ﬂer%mm% 4 K80

have a correspondi ng pin mates Wt nnent aperture

the base ass éﬁ‘ffﬂ“‘f/“"f@&“n&ﬁﬂlgé@rvﬁft’é?l Sﬁ"faﬁ?;“‘dért%ﬂ]ﬁ P@B@WV“@CP Q‘Fﬁe dhe ¥3l88111 n

sone i npl enephabi R WopidePBrtioR 2k inedsured Elgngdé)tgdllﬁl%ﬁ)s%@aoﬂrcaﬂﬁé & tehr ough
slurry transport ch

22 on_.th C 43 t hat extend
From the © nnBRPMEHERE D! B e ST £441 s Boptong BB on
432 for al | opbigh sléngftliefedpOofiifessutel dl@ﬂﬁbtbmoendtﬁé’hoﬁﬁoddbsdrfaae 440t eri or of

the carrier duri ol i.shin The channe e

spaced ar oun&d 0? ﬂe car 5ra"lg‘cér':’“?1l |“h}§b adhSET &em?n ptﬁ fecesh%ﬁn%i{mﬁﬁz can
ke. of f set at defmedbyginenmdargtep 4213, prateitiiag Dwaltlky Theepnmdatisies 4@3@ heye a
through t he I i el s
422 can be aﬁl gne?low&%rﬁhéelagg %#H?Aﬁg arﬁ? hgoncﬁﬁﬁ&{lin%m{g tﬂl&dg‘s@t‘?ﬂ%
enbodi ment s, Mharfecss. rThewvidestpgrtion afthepnnulapstepA3 &b, af measured ydonsatiedial
retaining ri BQssGRABAGS fe lo%érportith UV BheS HE fippeinRstRASS MR Endifr8Rb Y 10
the interior of the retaining ring 200. For ‘exanple, the carrier ring
channel s 4224t%n have a width of about 0.25 inches. 100621l n sone

i npl enent at i @pse] t he Babme eﬁpwnhdﬂan&@%smnqmemc mrcem'em@uﬂharhol es
.that extend fromthe inner ter to the outer dianete

al | owi ng sl up¥§r pr%fﬁdmﬁétebﬁ’stg IPY’?)rrﬂ°ftﬁB4?zrﬂl‘Eﬁglﬂl§r’m’tebs"ffﬁ%’ 4é9t]é‘|‘°iﬂ'tﬁf or
from the ext aiplatientatiors) e showtnen FIX 4E, @fe chifier rﬁx’grhas Aliniet- ﬁﬁafﬂmo lwgnch is
polishing. The u hol es t n e

331, “The i hr BUGHPHOIEE: S b BURis Saandt PR dhol ST PRE 4 ng.

| n sone i npl efftbedaater ong(,althduelrEGaﬁrmandhimmés ahipkblepicceringhtre clapediiser r i ng
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[0063] Returning to FIG 4A-4C, in sone inplenentations, the upper
portion 431 can have an inwardly protruding lip 439 along its inner
surface 430, where the |lip has a vertical inner wall and rounded
portions along its upper and | ower edges. The protruding lip 439 can
have an i nner dianmeter equal to or |ess than the inner dianeter of
the step 432. The lip 439 can provide a hard stop to engage the lip
237 to prevent overextension of the retaining ring 200. In sone

i npl enentations, as shown by FIG 4G the carrier ring 400 includes
both a incli retfadeserdd besapplicable toafuopart ripg e sEsp D FISESy el pisigf )i Phedmsr | n

some ot her i npieaRLE @aﬁn'n&ﬂﬁeon@sﬁarﬁf‘ﬁ&\ﬂ thMo dtfom, th tht RBioh BNEGE indikipee Of
the carrier rlng 400 has E(Han i.nwar dl.y protrud| ng step at the

| ower porti orf3 asésa%?ﬂtdh%imgfré € fhrhsing dghipeqc Eha gpgileriianey djamqtey ggjacent
outwardly fran Bebtsamdea3l methar(a!%e@lﬁerbuﬁ@aﬁnumsd QR fﬂdﬂ%’lts,htgﬁhovm in

FIG 4C, the upper .portion 43].lll the lp n43%l
A A R c A R A DA R
can be fornecDOOfanapmiﬂarfbxa:lonwdmby mshmma&oﬁdfgmrﬂhctﬂimathrdtﬁﬂmgnrg@mﬂl on

f’rg|2y b-(lj-gﬁu;r; glé? arr}e?{:x eve%%@ thQ gamer nrg[é wedrs (ﬁmgg pol?ﬁ:g : g}l tl%ss%bs?rgt?efn

exenpl ary natadditier. slacéﬁm;t df@\manpwtthecbnﬂmﬁ th,@mrrbemiammvmﬂ toguing of
~material whi Gl j.§ Gtk tle teRGdz o SRk IQIIEI%%" as a

pl astic, e.g m%%%er etth%reket%ngggiéEK Et%a?b IF%dﬁ"ed PEEK,
Teflon(r) fi IlmE’GmPEE}QnS’H’@IIWF%fa?ﬁﬁ3G Howewortwnéwﬁ?ééism@hm@n al .

[ 0065] When t Rgantcd thaR tht LS sitiBde 443 85 S u p%@r%:oﬁﬁﬁ%ler ring are joined,

t he upper surface of the | ower g_@rtl on S positi oned adj acent to

t(he | ower surlf®LE of tTHECATPPERE (ABLE PG4 %@SW 196+ ¢ the
gener ally haxcemsu{a@tlammirémo Eﬁﬁuﬁ%ﬁ&aﬁhﬁﬁﬂ@ﬁmd adt td aﬁtattmfeeaagacrfd

out er di aneter.s,on faces Su ortions
981 4521 or Agrere 1P RLR BT B bR SR SR LD kb R AP o ot
when they ar eegesesmmdiolesHaE vmhmcra\malwbtas(npfcsmwxﬂmem {isenas, sanbhebbliaj t h a
bondi ng | ayer créwg.ﬁ oPGhAVREBwLE G/ se&ghéﬁggbtm#lﬁ'ﬁé 5055 2 &99@9&@@4' PRET

port| on 432 can RHave a step featur step eature 438
proj ects ver tpleafi2ygat PQﬁYPItlh@aFQﬁme@? gaEas mznﬁmvmle@mtﬁmpéiwm ng

recess 437 i fofel@12UBRET exRAA SvePiRe ﬂ@rﬂzontaf Reet @33 cffﬁfétréééé% 448G o} Sxaile,
annul ar step adjacent _to the inner dianmeter of the carrier rin 400

The step fea@ﬁ?‘l@wﬂﬁ’é’l@ﬂl’eﬁﬁ201%%\%1"‘&%”#:36%?1&3%? ths Sailewer gufacs
the | ower ri mgidﬂﬁﬁally,'BIﬂEOﬁ'h(ﬁ&)alfgﬁﬁhEMﬁ‘ﬁnﬁﬁ&uﬂ'hﬁ%ﬁéitufeblBr Ijrdi_]ElﬂEJnSG[h(ﬂrTEt er

Il of th I t al Th
Upper por 1 otoreh b ledisd ah iy P34y Heintet et BSEN” LR GnicPr ke
the | ower poihbs anmllgr&&neapdrnupplerbamsstembly 188dan&ave alzpespditling pipekanentes t he
step feature ﬂf%%ﬁefalli%rﬁnénp%ngﬁ&rp@héne[ﬁ Se sé?e&bgjwa hl?d caRRE llé\lg%?e:/per!?;%q%d'sl

The recess 437 can orlzonta upper “surface an
hnner wal | wiatigned rounded portion. In sorre i npl enent ations, the step

438 i s only ghsihe | NP AfBh R0, DL 4do'mgon%%ﬁm&@qub@hnot at

the outer di arreter That is, carrier ri n%t ave no ot her

step and cor ﬁ'@%ﬁﬁ&PWhﬁlé’tﬁEé%Z %tafwre@ spfasef th@éﬁxt@w@érogtféwms and

recess 437 atchaHB@rb@ﬁh&iﬁteﬂﬂ1§rﬁ&§r@ftl@ﬁov¢ehﬁ>r§@f432 &r alldvAsk sidY 16 9B from
i npl enentations, the n extend _to the surface of

the step 438MeExEHY @ Be é’é%wg‘%tj'fh%‘ﬁmteh‘éngéiﬁfl?g Refishing, Jhe chappsis deheagbes or ce
gener at ed dukieny spakdibroaid tedf cairleLrigya BadEslunfyi tiaAfp 6 EHatufel §22rc@LheITfs@ at

an angle, e.g., 45°, relative to the radius passing through the channel. Referring to FIG. 6,
the carrier ring channels 422 can be aligned with the retaining ring channels. In some

embodiments, the carrier ring channels 422 are wider than the retaining ring channels
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hori zontal bonding layer. In carrier ring 400, the step feature 438
transfers shear force into conpressive force on the bonding | ayer 436
along the vertical inner wall of the step feature 438. The transfer
of shear force to conpressive force on the bonding | ayer 438 reduces
the |ikelihood of delam nation of the |ower portion 432 fromthe
upper portion 431 that can occur in carrier rings without a step
feature. Also, the lateral forces produced by the horizontal notion
of the carrier ring relative to the polishing pad as the carrier ring
i s pressed dd#f eHeEingslemt Reasssloretieido Wamtarier af thereipining deg 30009 he

| ower porti onxédde, ki@ chifier R2SEanAfls ANQaNRRES wRIH a0 ¢ BlincHen addi ti on,
the verti cal |nner wal | praqvides a greater bonding area for the

bondi ng | ayerl0%3k beca{w&*edlrlplffﬁ@tq“ﬁa @agaéﬂ%m%ﬁﬂﬂrlawear@aw tHoygRe
interface. Thelek akigRend il the ghndr danetdr f0hd @k GRMetefor alllbktﬁﬁlg blhﬁsadr oAt

del am nation tof tFe Itower. rEe F 432 ffro t he. utg;ﬁ?e ort % 431.
Further, the "DEHRITFHAG NCAVEICT B3 KGRy ﬁ’él BPETIRLIP thedpteon “UB¥or bs
. stress resul tnngguringqnmiahingv@he thrloeglﬂmles eanpmtesd thrvugtetheveeer poetceds Bl Then

the upper por, ﬁ[%}cagl% &eplga%gcéﬂr%nm% %é{bgj rtng U8 rr?pﬁe%cWaﬁ&%

steel) and ma I portion ess ri or
more conpl i am}gerenm @raugh hodggdhthe capBEKNE BHPOIY the)etalr[lm] TchSsMeg,

i npl ement at i QRgy fr@mgcleaﬁMelh nhﬂsgéayeﬁ'ﬁmégﬁtmﬂm?g@holwﬁ HeRBSr ring
portion 431 and the |ower portion he carrier ring corrprlse a

single unit riadee féﬁshttdw@wg‘aﬁéa'ﬁ%&té? ouigr surfp@of by retainipg siag thug plegring ghec an
be L or ned 0}‘ sphclBdrRéch Al c‘é\‘i“ﬁbfﬁh |a?]d ﬁ:{%ﬁﬁhﬂ Q‘E b 3 dtHREIt ldn'l%nt&txo@yb%epd'?@ﬁssd
uch as a plasti et her er ket one. ar bo ille
Rk, “Ter1 oncryehnpFil vorl s Bk PP %s i i e haies
materi al . 10G&RALNe h@thhﬂ’fﬁld‘\ﬂll@asﬂtkm@gh batly th2 Bfhrierging o thoetaRbhptridg. In - -
circunferentiall.y ,surr e bstrate tq retain the
Cubst ot e "y s oG BSiectino B SRS oo USRS
t he subst r at evidiQor Witl€g thag tls?hlumhézolpaﬂltonw the reggdnsgimg R0 iakomnd ew of a

flexible rremﬂﬁﬁ&ﬁe 5&%91"18 (M %f@ Ig%&ﬁgﬁ) E@esh@b ch %n‘n{e&'ﬁroﬁélpﬁ%ftgo?% QN of

the generally symetric flexi rane is sho ’01As shown in
FIG 5, the hpusiogpfethptshiradcheuRingghingastber shag dyueieh fhe parfipraing jitegif

portion 510 fpd3an OUREhHmEHREMETES 400¢ tih YeId eméfrhﬁmmheumfﬁdmmo
provi des ‘a substrate mount | rt}_gqsurface 512. g’lﬁ‘QUt er portjion 520

extends fron ¥HEVGRRY GO TEIng s rraione [Sorts Bfaeerl: viee fatirdient e
bet ween t he ratisal posrtvatl AndrbOndad portidie alohi ﬁupﬁﬂ Ak laﬁ;errbﬂgetsl Diie predfhdinan
have a perip

Moot bet | PRE .l SR ahhetienRtr B B 188G Bl o Gpmead? R pe s eBR T on
520. The per Tphir 439 cedgevidd atgel SP0o emagelibalyp 238 trpledntpoertitonion of thag

its inner ang Sa%gggﬁ g%gbfb@%glg% el ﬁangfagmbmﬁgﬁﬁg Egs%ec artiaridigo L he

annul ar’ reces gure nproving the
Symmetry of nghdestgtharinalined iprer stpﬂq@raydamnwrélysvmdmabxeﬂfo In $o0@ PEEThe

outer annul afmPIidnta@bhs 28 Andviiby FRY QHat'ﬂe RNEHBle 5ﬁ9@c%ﬁ13531?g ARGkt S
outer wall, which is configuréd to allow the outer annular Portlon

520 to flex. a"l‘!‘féfafémpé?‘“‘éﬁﬁﬁfﬂéﬁf “5devrar Berignt2 cathe ders mnervern haihul ar

step 524 pr o;&m@uamﬂw@l%n&nw@pl ts |nner wal | . The annul ar step
524 can have and | ower_surfaces.

[0072] I n som¥ ?ﬂpf‘gﬁn'e eame l emef‘ﬁ%"“ﬂ %‘Cﬁgﬁﬁ ‘FP@“B%SB“’E&# e

sever al lower portion 432 of the carrier ring are made of different materials. The upper portion
431 can be formed of a material that is more rigid than the lower portion 432. The rigid
material can be a metal, e.g., stainless steel, molybdenum, or aluminum, or a ceramic,
e.g., alumina, or other exemplary materials. The lower portion 432 can be formed of a

material which is chemically inert in a CMP process, such as a plastic, e.g.,
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annul ar flaps. The main portion 510 can have four concentric annul ar
flaps 516. The outer annular portion 520 can have a pair of annul ar
flaps 526. The annul ar fl aps 526 connected to the outer annular
portion 520 can have a horizontal portion 540 extending inwardly wth
a thick rim550. The thick rins 550 can be configured to be secured
to a base assenbly 104. As shown in FIG 5, the upper annul ar flap

can have a horizontal portion which is narrower (i.e., does not
extend as far inmardlz) than the lower annular flap. In sone
embodi nent s, pelyethesethesketens RREEXD. qatven fikpd PEEEK, Eeélﬁn%l}@ PEEKa polyAmugimid

triangul ar prA%Qpactﬁ,%sﬁen&téIer zontal portions 540 of the pair of
annul ar flaps 5 can_be connected to the outer, apnul ar, porti on 520

through the Vi ces 8Yhep fhig “unpratians 41l f2ad thesmHoloe PACNToB7 SPThe

l Eger nost c?)@gx@a& 61l tRe lawaLﬂoalronﬁm@pcﬁ&ﬁnﬁcaajaaﬁt@daetlavdraﬁfammheﬁ@pari (r)]n ’
510 can include a horjzontal. porti ext endi n t war Wi t thic
i Coni ch® cRTBR L aht PRI S BEbE P Bpha S s nuting fyf 04

and an annul ainesdng oater Jobdidromm tbdihdjaddnesuafaces buah tl-angéadpp@iohs@m 860 can
be j oi ned bet.ween, t.he i tion h ont al rtion of

the annul ar fi&p r}B‘i‘bS" ee“’mae%ﬁﬁ it P%”E‘"‘fs 43pq%§r ?%“’g%"e K z"r‘an""r‘f@"o ﬁ‘ Blb

| arger radi usmaﬂarmrgm}smmhqm@hvd with aﬂmdmalawrﬁaﬁhmn B0 adjrant at its

juncture with %ggs hori zontal portion. [0074] The three outernost
concentric annu ar flaﬁs 516 connected to the main portion 510 can

i ncl ude a vef946¢lal pot" <fJeweraﬂmweﬁ%?éﬁelbwgaﬁ%f?ﬁ@ﬁé?’?mm sisB fpiuntt38 10,

and a hori Z0Iﬂ%o?éctsF}Slﬁ&dll?'?ro%@llf)mrfﬁgmﬁﬁ PN ik @ cHMPsdnBiag reBQRE 437aNthe 70 Wi t h
a thick rimalong the _outer e horizont al e){)ortl on, which can

e confi gur edPREGPHECTSEL: u’rlgcptepgeagqu)@%s a3 2ERAS 5P adiage It%th%'é‘f‘r"é diameter
embodi ment s, of fhecdddr kiagmoalThpaed feanire 653 eﬁteﬁwupeﬁlﬂl’ylffbnﬁd‘ﬂbﬁhc&ltal f)drﬂqih 516

h th t |
can have, & TR Ghel kKSR BB BrS PR BT g ok
t hi rd out er moisg’s bwiagresl peition. dFhewdcass 437 ia s Wpid potion 484 verraspands iogheciep
| th of h | f I 0
bet ween. about 2GS sqREE fhdiltnd s: SO0l apl Bl RoyBII dt Buetd
i npl ement at i dasthercthe siepfeatere 433 BipinG 1 resw137 aRthhbRper REONdP 1. Ehe eecess

i ndent ati ons 497 ARk fmm(ohtaﬁupper%f@@mla%rtm%ﬁmau WHHCOBEREd Soktfon.
annul ar flap_ 516 can have a notch 580 at the juncture between its

hori zont al pHrOMGHRIFTREAiEns, BF ftﬂb%%nﬁ 5Pt B’ﬁ '151‘7@13“1‘1‘% of B¢ oieryg 48%n -
al l ow the hoﬁlhdzlﬁﬂita‘ thP@dridDimeRf Thixes, €12 REEE Hnig @OGRANHaRE antEd@stéﬁ&dt 0

fl tically. A 590
at 1 ts ] unct EPERPERE RRE® s BB ieseD oA or y Sa5 RIS
configured t of hechze ricg rip s@ssimplemechtations) éhetvandingdayet 428mdy btend HEE6] | n
anot her  aspegf 0f o/illG e, DY Qbees?S7 SRk G 1. @ carrier head

f\or [0067] Shear force generated during rotation of the carrier ring exerts force ona
A horizontal bonding layer. In carrier ring 400, the step feature 438 transfers shear force

into compressive force on the bonding layer 436 along the vertical inner wall of the step
feature 438. The transfer of shear force to compressive force on the bonding layer 438
reduces the likelihood of delamination of the lower portion 432 from the upper portion
431 that can occur in carrier rings without a step feature. Also, the latéra] forces produced
by the horizontal motion of the carrier ring relative to the polishing pad as the carrier ring
is pressed down against the polishing pad is transferred from the lower portion 432 to the
base of the upper portion 431. In addition, the vertical inner wall provides a greater

bonding area for the bonding layer 436 because of the increase of surface area in the
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CWP can include a base assenbly 104; an annular retaining ring 200
positi oned beneath the base assenbly 104 and configured to
circunferentially surround the edge of a substrate .10 to retain the
substrate, a first flexible menbrane 300 shaped to provide an
annul ar. chanber 350 positioned beneath the base assenbly 104 and
above the annular retaining ring 200, a carrier ring 400
circunferentially surrounding the retaining ring 200, and a second
f1exi bl e menbrane 500 providing a substrate-nounting surface, wherein
t he vol ume crieteifasel Dstlaness honding atsa glao rdusenths Ykelined ahdplantieatigneldhnd
flexible rrenb&@é?so@&msfv%oﬂﬁhéap}sem%ﬁun bR (LNRABEY Byer bAoE ke

pressuri zabl e chanbers can ornmed iy cl anpi ng the second flexible
menmbr ane 500 Ye§cd! fpepyadlebspsbssiss (psuliing W’t‘ﬁ‘e%te“él}eﬂ?‘ﬁﬁ‘ﬁa?s‘%’f cBRtentric

clanp rings. nkigialGhaihges psach 43¢ (é;g)rafﬂgguﬁﬁdqal Qch S sBilaeasd)\eal y
narrower, fromthe i.nnernos e out er st cha ngsuc aThe

second outerrﬂf‘éepaldﬂgﬁﬂ)‘é’ferp%‘?ncﬁ%@ 6&? i Oy mEEFP ’dnwt
peri pheral- e@@BKhbmg:BnéiSO is narromy configured to provi de better

edge contr ol ng pQ | i shi.n he sub siral ey
can be fl ui dI foupl ed’ °§/ne ha g%eneatémr(sh Ao m ?%r OU@F%%E

assenbly 104 pamln i usé thg lov@R partonad32 aﬁtbwnaﬂr euB msmselglmmrt @ede aubh

as a punp or ; F THERGHIHTL Hagsage for
t he annul ar c asﬁg%tg%{g F(r)l%é t he f%nkég?n%gagéﬁ?ong%ﬁ%}agﬁg BOOS{é‘one

passage for wchrmisadydicrin 2AMRBOecs1Owh aampiatine. paelyahucthekeons (FEESD, t he
si X pressuri zaphLhieharbe/Rabes mmﬁhﬁepmﬁ.ﬁhﬁmm lbYa ddho@RGnatedRel.

second fl exibl e nenbrane 500, for a total of eig passages. One or

ﬁor e passaged®®flom t h&gthe “ﬁ%‘%‘éwg)/miﬁ%"&fé%‘}rcﬂ@ ?WCWR@EP"? yguEsades in
the housing HR2dkyort sebsichd B wwdin e bubattateR X flenitle mermisrhbesob bﬁvﬁi@s&dl ng

chanber 108 or ou iide th Pre suri z n of.each
chanber , and e § 2 Bot e Sias 9. HO3 sl s S Rtrafey e o
portion 510 dxiblheeinbere HI0cvirendntyarme- hBOGK tiererdsh eecand thegtrerall), - can be
|ndependentlg@gﬁgggxlibe%mﬁ[mn%mos%‘%ts different pressures to be

adi a

applied to ditfferent r 1 ons of the substrate during
pol i shing, tHh¥@by cofpehewainFig. 3 de fleviblememburnidonn kvt mgenematheflat | n

addition, t h%ampeﬁeﬁts@o 40 ah Qﬁerraﬁﬁlﬁ‘slr Bbrﬂgn ﬁon@héﬁgn 6@ oA 0 pRRided:
|ndependently of pressure in chanbers defined by the nenbrane

500 usi ng cha%f&te-eseﬂneﬁﬁfﬁierﬁéz p]“@é’é‘t‘ff RoriipR P exend o heopiigrdanef than
be varied r ehﬁﬁﬂﬁéﬂmh@ld e jﬂhaﬁﬁlﬂ)ét&rsenﬁﬁle thd1@ pdréro8 10 bftDthé buig adi@rand i n

t he chanbers d t he n usi n t he | oad
108, 1000 g] APt Cat e BT RBA o dnet i P P oA T Bt | ¢ st
flexible rren‘ahscaaeleﬁm@a; 530hitong e oier watl of the 40@r anawiat pohien 2% Glhel péripboralbl e

menbrane 500 gﬁfor fﬁ o RRQYR: ol agp%é 'Jfr‘cﬂéu?e‘?s&rﬁcésh‘?hca”' er

head. 10080] e carri er co
housing 102 (ommerelteésia hrmgeﬁﬁﬁealidalseelnadgemwmm bamﬁgmﬁ togareepliey, be

secured to auﬂUrbx)ﬁF‘g tﬁ@é}frﬁnetrggﬁoé‘d%{gr dnte ﬁﬁ&gq%@&e%sﬁaﬁéi@d with a

material, e um nu a conposite material. The
?007 1] The outer annu[ar portion 520 can have an annular recess 522 along its
outer wall, which is configured to allow the outer annular portion 520 to flex. The outer
annular portion 520 can also have an annular step 524 protruding inwardly along its inner
wall. The annular step 524 can have non-horizontal (i.c., sloping) upper.and lower
surfaces. )
[0072] In some implementations, the flexible membrane 500 can have several
annular flaps. The main portion 510 can have four concentric annular flaps 516, The

outer annular portion 520 can have a pair of annular flaps 526. The annular flaps 526
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carrier ring 400 of the carrier head can apply a downward pressure to
a polishing pad. In some enbodi nents, the downward pressure applied
by the carrier ring 400 is greater than the downward pressure applied
by the retaining ring 200. The carrier ring 400 can be forned of a
nore rigid material than the retaining ring 200, resulting in the
carrier ring wearing at a lower rate than the retaining ring. The

wi dths of the retaining ring 200 and the carrier ring 300 can be
varied to adjust process results. In particular, the polishing
profile on t sennseipdiothetontepeigularnefionS2Geandpys@ hpyzoalabiregion 4@ erdengingt h

a_nd pressure iﬁv@arnﬁ?@hh B kGt rind £408%1d Mick AAE 55’6’@8@5@ d¥eRtuPed tb B&Eseb8taab Rl Ng
ring 200 can have s]ots or through holes, as indicated by the dashed

lines in FI Gbastassemaly 185 (Asshoyn i8S Rehs vResenylar flap gendave igrigopial ot er
surface 238 @brtibhehikcRisabmdwed (ilel, Beks QR xRt as®rliatdlg tHah tedoved aparns from
the interior 0 fhe exter,ior r fromthe exterior, to the,interior,
of the ring feldons St o Pt St Fhine apa el 100
and can pr ovipoios andéi Borizontalpshiorx@e sBthes primy adnuanfléph 624 qah &¢ coamnecall t he

retaining ring,20Q. 82] I. ' Qn Vi not.ches
550, 590" n LwERr s Dhkth, PR SRR kR dinied B BRI
menbr ane 500 [@&8] i npr Gbeinpeyinpss hénqeptiprnhwarfiap §16 cannpotediotthehaimphriion age

of notches i 4 QnifIROY RorRBhti$BitRE o iHafng bi¥ihd, WIRN dhibELE Jicltagayal
pressure in adj acent chambers. Specificall when there 1s uneq&al
r L=

pressure in &efjfigeienhio heliermtsd fese baﬁwseﬁrb&s%r%& prenpwer apglehposticeasat;
chanber  t endsnfufsr Q@!&d%ob@ioﬁ eveaibd Bfied bedfech e GalnPBrtloR W1 (P4n8 B2 Wb zontal

hanmber. The bow ng, of the. s rating. flap can lead to regi ons_of
o npressi on PRUEH AR dIE S O T8t oy el portion TR e ies HIEFTTEUR ap,
r eisw L ing inaen jth’cltuﬁfﬁaﬂdﬁﬁn ( ﬁﬁ@ﬁﬁbﬁr’]ﬁggﬂaﬁbfiisblﬁkiumim_ﬁe mgoﬂwnbéradmnh

ol I snl ng. er, | a.notch at t u tlon t en.t he
i por e on HTH7E o "1t Bk Puifios ondnbi Sl e % cp el el 1o
516 nore fl erorbibresiftcan incudaanettivaleortith 5 %) exediingeone haprageition 5 | Onartdhe

mai n portion . ' eb
"roving polSRrAEfich el BRoRRe frdliiohfin SRARE Bk BRINRE menEl Y
t he concent r edgeQhthahertzontplperion.gvhich cp kocopfigured e speusaside e base assepribjual

in adjacent BP§LI% WnlZadblifesth) MBFiSonRANpdPRInf $bddesuRlanklbe AEPHGRAL I C
annul ar flap 516. Furthernore, notches 5 90 can be positioned and

_ 580, 5 I
confi gured t B2veaduneler tiskpsss mhan te xertieel Rosdon;SyQ eidhg GoprAntsic apmuls flany e - of
tEe pressuri gk ispkhanthRas tHeRE@HGIhdilRl cRAERNohdehtria Bittilad flags I58¢cah 16 t 0
the main port{ion 510.s0 as.ta reduce conpressiaons in. t mai n_portion
510. "T0085] AEAEEP o6 E R B AR B 6 RBE RS Ritg © Tben B
descri bed. Nevend hélsedss abaut Whd.| be under st ood that vari ous
nodi fication y be i . j Lrit an
scope of theﬁ]lolr?l@e_nti O%ﬁ%ﬁ@g%ﬁ%ﬁ%ﬁ%}uﬁ?@%\%&#@ﬁa%il%{*%]ztgQ%uo%gée% i %o,%
anqul ar  f | apindoiagiont ormpiehes @ Aejamplasictsis. Areorisrrarireanowlsr flandES can hawanul ar
ang\! ed porti QR4 Jf tﬁ§%ﬁ&6¥e Blrwad) iR RBHoAAI phRioh hitls vEIREd! b&ﬂoé]%@; Thd).
addition, notches may be |ocated in the mddle of a vertical portion
570, at a j uRveT8a coli AlRWithediogznntH Bartionnd fhs gonsents anuleadlap St todlex t he
juncture betvagang A@htaeRlaghulR@ES 5 Braphie AREHS00 MR mrAGRARSI Ngl Y,
ot her i rrpl enent at1 ons arﬂe_levm thin e scope of the follaow ng, cl ajns.

mait portion 510, notch 590 cr:[m e configured to reduce compressions ifl the main
portion 510.

[0076] In another aspect of the invention, as shown in FIG. 1, a carrier head for
CMP can include a base assembly 104, an annular retaining ring 200 positioned benéath
the base assembly 104 and configured to circumferentially surround the edge of a

substrate 10 to retain the substrate, a first flexible membrane 300 shaped to provide an
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WHAT IS CLAIMED IS: 1. A carrier ring, conprising: an annul ar
ring having an inner surface configured to circunferentially surround
aretaining ring, a lower surface configured to contact a polishing
pad, and an upper surface configured to be attached to a carrier

head, wherein the inner surface includes a first region adjacent the
| ower surface configured to contact the retaining ring, a second
regi on adj acent and above the first region, and a third region

adj acent and above the second region and adjacent the upper surface,
wherein the fapydar chaaheni§0 aesitiongrbendaihythe hasgaseamblyhpé and abpgl thagnnglemer

di amet er than.Jihig, ﬁﬁgom% Jaﬁm%z@b A Sy SHEIBME the 3MSnMDBRLI00, t he
annular ring I's conf ured such that the second porfion of the inner

surface i s erpbsEePniilERLle membRRs 5?08 Providing ajsubsypie-HORKS fYfaph herginthee

head. 2. TheokAE bleftd rselwmgn ok bk adsemtlly 104008 e BecbRErldxDYentidnt 36  has
a smaller inner dianeter f n .the upper surface. 3. The carrier ring
of claim1, ﬁHPFHéPWFBWﬁP°§‘WU”§n outer surface having a recess

adj acent the[éoower su rI‘hapressunzdee diambeacanibe Iformbd”llg/ cdﬁmphigahemb&md wher ei n
the recess | qlg:gléldes gO'O% Otr]]lt gas% ?]ssél\ﬂbr 05 On?lc lplqrzﬁ%(ﬁ'rconcgl%nc éé’%gcfh

and a sl oped Ehnectih ace
vertical sur fiagse The Shambérecande pwé'lgurpd fdpe efcceshinglymarowerhzeme the ntnkhmncsieces s

defines an a@ﬁh%b@lrto%e%ﬂte}n%swﬁgm&lﬂtﬂ{e second cutermost chamber, which is partially
defined by the peripheral edge hinge 530, is narrowly configured to provide better edge

control during polishing of the substrate.

( o [0078] Each chamber can be fluidly coupled by passages (not shown) through
the base assembly 104 and housing 102 to an associated pressure source, such as a pump
or pressure or vacuum line, There can be one passage for the annular chamber 350 of the
first flexible membrane 300, one passage for the loading chamber 108, and one passage
for each of the six pressurizable chambers between the base assembly 104 and the second
flexible membrane 500, for a total of eight passages. One or more passages from the base
assembly 104 can be linked to passages in the housing 102 by flexible tubing that extends
inside the loading chamber 108 or outside the carrier head 100. Pressurization of each
chamber, and the force applied by the associated segment of the main portion 510 of the
flexible membrane 500 on the substrate 10, can be independently controlled. This permits
different pressures to be applied to different radial regions of the substrate during
polishing, thereby compensating for non-uniform polishing rates. In addition, the

. pressure on the retaining ring 200 can be varied independently of the pressure in the
chambers defined by the membrane 500 using chamber 350, and the pressure on the
carrier ring 400 can be varied relative to the pressures on the retaining ring 100 and in the
chambers defined by the membrane 400 using the loading chamber 108.

[0079] A number of embodiments of the retaining ring 200, first flexible
membrane 300, the carrier ring 400, and the second flexible membrane 500, as described
above, can be implemented in the carrier head.

100840] Generally, the carrier head can further comprise a housing 102 connected
to the base assembly 104 and configured to be secured to a drive shaft. The carrier head

can be coated with a material, e.g., aluminum, PEEK, or a composite material. The
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surface. 6. The carrier ring of claim1, wherein an inner dianeter
edge and an outer dianeter edge of the upper surface are rounded. 7.
The carrier ring of claiml, further conprising a plurality of
cylindrical recesses in the upper surface. 8. The carrier ring of
claim1, further conprising a plurality of grooves in the |ower
surface extending fromthe inner surface to an outer surface. 9. The
-carrier ring of claim1, wherein the annular ring is a single unit
made of the same material. 10. The carrier ring of claim9, wherein
the materi al casieping<9 of the chfrier [ canapply e fownvwagd mo¢ssusé iiarpolishing prd. Her

conpri si ng a@orﬁgaﬁﬁoa{meueﬂﬁédmwdgfesmvagg%dw%elesmarnngu@d RERa@NRaran

annul ar | ower portion havi ng t ower face | ower ortion
joined to théhqqgwewarégyeﬁwpplled by the retaining ring 200. The carrier ring 400 can be

formed of a more rigid material than the retaining ring 200, resulting in the carrier ring
wearing at a lower rate than the retaining ring. The widths of the retaining ring 200 and
the carrier ring 300 can be varied to adjust process results. In particular, the polishing
profile on the substrate edge can be altered by changing the width and pressure to each
rng.
[0081] In some embodiments, the retaining ring 200 can have slots or through
holes, as', indicated by the dashed lines in FIG 1, that extend from the inner surface 231 to
the outer surface 238 of the retaining ring 200 for allowing fluid to pass from the interior
( to the exterior, or from the exterior to the interior, of the ring. These slots can align with
| slots in the carrier head 100 and ¢an provide a means to wash excess slurry from the
interior of the retaining ring 200.
[0082] In some implementations, having notches 580, 590 in a concentric annular
flap 516 of the second flexible membrane 500 can i'mprove polishing uniformity. A
potential advantage of notches is to improve polishing uniformity when there is unequal
pressure in adjacent chambérs. Specifically, when there is unequal pressure in adjacent
chambers, the pressure in the high pressdre chamber tends to bow the separating flap into
the low pressure chamber. The bowing of the separating flap can lead to regions of
compression in the main portion 51I0 adjacent to the separating flap, resulting in an
unintended pressure distribution and non-uniform polishing. However, having a notch
7 590 at the junction between the main portion 510 and a vertical portion 570 makes the
NN annular flap 516 more flexible at the juncture. This reduces compression in the main
portion Slb when the flap bends due to unequal pressure, thereby improving polishing
uniformity. A notch 590 can be adapted to allow the concentric annular flap 516 to flex
when the pressure is unequal in adjacent pressurizeable chambers on both sides of the
concentric annular flap 516. Furthermore, notches 580, 590 can be positioned and
configured to reduce downward load transmitted from at least one of the pressurizable
chambers through the concentric annular flap 516 to the main portion 510 so as to reduce
compressions in the main portion 510.
[0083] A number of embodiments of the invention have been described.

Nevertheless, it will be understood that varicus modifications may be made without
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12. The:carrier ring of claim1l, wherein the annul ar upper portion
and the annular | ower portion of the carrier ring are forned of
different materials. 13. The carrier ring of claim 12, wherein the
upper portion is formed of a netal and the |lower portion is formed of
a plastic, 14. The carrier ring of claim1ll, wherein: t he
annul ar | ower portion includes an annul ar projection extending into
an annul ar recess in the upper portion. 15. The carrier ring of
claim1l1, wherein the inner surface has an inwardly protrudi ng step
adj acent t he depanins feamr theyendritiapd yspRpvaf ghe inveetion Faytexarendg, egyeral of gic The

carrier ring cgﬁceﬁén@blmuﬂaﬁﬂap\éf@%@m{e sbd3Rd Adxfle H@Sbréhe VET HabE anhm% wal |
and a hori zont al g(ger surface. 17. The carrier ring of clai mg;L

wherei n the iB9RERS ‘I“f‘%i’@é’f?’banf"&?fé’ﬁ’é‘ﬁalP%%&?%?Pquardﬁﬁ?%é‘?‘t’]&ﬁsrf’l"bb? op
above the i nvigdatttyn the ﬁatdau@mgarﬁaammonbao atTA]endﬁa.s Witlethe brinBr Akle€! ai m 1,

further conprisjn rotrudin er

i arrot or of R0 356 P & B paewe BT RIE eBs P A TR 10, The
carrier head m:fcmdingllymﬂfb&mpldmnmmshrlae.vltllinphdma@eafshefdllbwmgcllamer wal |
and rounded portions along its upper and | ower edges. 20. The

carrier ring of claim19, wherein the.inner surface is tapered
inwardly fromtop to bottom bel ow the |ip.
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WHAT IS CLAIMED IS:

1. A carrier ring, comprising:
an annular ring having an inner surface configured to circumferentially surround a

retaining ring, a lower surface configured to contact a polishing pad, and an upper surface
cogﬁguied to be attached fo a carrier head, wherein the inner surface includes a first -
region adjaeent the lower surface configured to contact the retaining ring, a second region
adjacent and above the first region, and a third region adjacent and above the second region
and adjacent the upper surface, wherein the first region and the third region have a smaller

inner diameter than the second regioi: .of the inner surface, and wherein the annular ring is
| configured such that the second portion of the inner surface is exposed when the carrier ring
-is attached to the carrier head,

2. The carrier ring of claim 1, wherein the lower surface has a smaller inner diameter

than the upper surface.
3. The carrier ring of claim 1, further comprising an outer surface having a recess

adjacent the lower surface,
4, The carrier ring of claim 3, wherein the recess includes a horizontal lower surface,
a vertical surface, and a sfoped section connecting the horizontal lower surface and the

vertical surface.

5. The catrier ring of claim 4, wherein the recess defines an annular step in the outer
surface. . _
6. The carrier ring of claim 1, wherein an inner diameter edge and an outer diameter

' edge of the upper surface are rounded.
7. The carrier ring of claim 1, further comprising a plurality of cylindrical recesses in
the upper surface.” .
8. ‘The cartier ring of claim 1, further comprising a plurality of grooves in the lower
- surface extending from the inner surface to an outer surface.
9, The carrier ring of cla'im 1, wherein the annular ring is a single unit made of the
same material.
10.  The carrier ring of claim 9, wherein the material is plastic.
11.  The carrierring of claim 1, further comprising an annular upper portion havmg the
. upper surface and an annular lower portion having the lower surface the lower portion

joined to the upper portion.
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12.  The cartier ring of claim 11, wherein the annular upper portion and the annular
lower portion of the carrier ring are formed of different materials,
13.  The carrier nng of claim 12, wherein the upper portion is formed of a metal and
the lower portlon is formed of a plastic,
14.  The carrier ring of claim 11, wherein.:.

the annular lower portion includes an annular projection extending into an annular
recess in the upper portion.
15.  The carrier ring of clann 1, wherein the inner surface has an inwardly protruding
step adj acent the lower surface to pr(mde the first region,
16.  The carrier ring of claim 15, wherein the step has a vertical inher wall and a
horizontal upper surface. . , o
17 The carrier ring of claim 15, wherein the inner surface is tapered inwardly from
bottom to top above the inwardly protruding step.
18,  The carrier ring of claim 1, further comprising an mwardly protruding lip along’
the inner dlameter. of the upper surface to provide the third surface. _
19.  The carrier head of claim 18, wherein the lip has a vertical inner wall and rounded
portions along its upper and lower edges.
20.  The carrier ring of claim 19, wherein the inner surface is tapered inwardly from

top to bottom below the hp
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