Fl exi-bl e Menbrane for Carrier Head BACKGROUND [ 0001] This invention
rel ates generally to chem cat nmechanical polishing of substrates, and
nore particularly to a carrier head for use in chem cal nechani cal
pol i shing. [0002] An integrated circuit is typically formed on a
substrate by the sequent i tion of copductive, sem conductive
or insulative |ayers on EF@‘? bf%msemf‘af@ 1atakeagat i on st ep

I nvol ves depositing a filler |ayer over a non-planar surface, and
planarizing the filler layer untilghfggpsinpphanar surface is exposed.
For exanple, a conductive filler Iayer can be deposited on a

pat t er ned [0081) at i veThiajrention elates germliyrie chémisalonechaies pnhsﬁlﬂ‘geof

i nsul"ativeg r t oI I sh ai sed
pattern of Li[ EES 8 {I&togév%&ﬁéuﬁr |83a ClEe‘%ﬁ%E% TAPE &t M??;mef %n, the
portions opoltshmgconduct ive | ayer remaining between the raised patter n
of the ins Ive layet formvias, nd |ines that provide
conduct i vetb:ggélhs bet%ﬂé‘ﬁ grﬁt%tc‘i“fqﬂr?'f E’Piwgﬁr ?Oé’mSﬁan’E‘ A gubsiratetby dheseqpgntial
addi tion, @dpasidbh dRédndictive, aaReRdubiveRk %ﬁ%ﬁ?ﬁa§£§o§99ﬁﬁ5ﬁ%@ﬁ%‘ié fgge

for photollth%paph 0003 Chem cal nechani cal ™ pol i1 shing
one accept #81 Héﬁpéﬂl"%‘fe& spasiting adiller ypwovst an@rpl@amsurfammbd

typically %lﬁt%'izfr%%hé RAt: Iﬁ\lfb@ vAMIDAL ﬁ&{rﬁaﬁ)ﬁ s{ﬁ?%@gsegig(rag & F%a%?léa::n}e;?g

pol i shi ng CMVP appar at us e expose ace o
substrat e ¢ondpitive ddlentpsiersn ba depisiied orga psmenmﬂ iinzglativs laypad fl thoebdches

d. Th {. d
P ied at FO OB E ARSI I8 hleer Bt B e RnPuRE ufife miscd piszmof
wher eas a the md}a’aber genie egaded) asftalplaaiixtionant petiess dtahdlecdnudive layer

cont ai nment _nedi The arrr r head Qvi des a controllable | oad on
the subst rEPaMNE HFEEeD, %‘Fertl ﬁg&ﬁé‘tsr‘ Vhgyerdarm vise rlugsrang fingsahal
has a ret ah¥ing cdﬂdﬂ@tﬁ&'ﬁa@ﬁb Healdda il gila ‘éﬁ&hfs%@hé éltb?tlr@t@ emdiifliag
polishing.” A polishing liquid, such as a slurry, including at 1east

one chemi cfaizstionds W“éieﬁ&eﬂﬁn%ﬁé theisubsitateesupfage for pleolithegraphypl i ed to
the surfacgogd) the R@hidd RcRAkal &MEYCMP) is one accepted method 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 to 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 slurry, including at least one chemically-reactive

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

SUMMARY
[6004] 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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[ 0004] On one aspect, a retaining ring assenbly is described. The
retaining ring assenbly has a fd exi bl e nmenbrane shaped to provi de an
annul ar chanber and an annul ar retaining ring positioned beneath the
fl exi bl e menbrane. The fl exible menbrane has concentric inner and

outer side \Aﬁll | s, ,annul af concentric I‘Igtﬁ extendi ng_horizontally from
the top edyBUlat e{4iung HAG PesAd R Suacsicariigiaed o cirgpmisramtinlhy syreed the
surface, agde bpWsdRRME 8 refRNEE @ﬁEshﬁtePzE I?M%?Eﬁr%é c@afggﬁfkq't& Gosfigunwar dl y
fromthe annul ar | ower surface. annular retalning ring has an

i nner sur fmil;léhl@@md,g@a@wlarc}lpmrrsmfmeea@moannylasmpmmepmﬂad@@ of a
substrate 1115?‘{!@ S r c gure

contact a aitgg I shi r?gs%% g%’?%n%mﬁf&rco&eﬁt%@{og&? Iésgéﬁhe ﬁéc}I lIfl\/\,(S'“a ﬁ'ﬂ’lea?fe
concent ri izedtefsn® the atidaraonesaic reqeeess of thefanmear réfathimguing. ar
concentri;[ﬁ) jecti nslof he flexible .rrenbram? re sized to fit into
the annul 89" ncent MPRlemspaRansot fhe ipgention maydpely Oélieﬁrﬁ’@rer‘?ﬁb

[ 0005] | npl fenmiing tréa@itSs. Of hel doRcdnbicSinthr@nd BBk 5BE Wil fAREASHbIE Rettpinet he
followi ng features. The concentric inner and outer side walls of the

flexibl e rawHASUTTE) PARKORS Bieding bl thenepeanaen sygfaeseafabe Tefreninping-
annul ar - suff.a0e,10f cdnBédiSifs Rhd'the ainri'lﬁarcg WFJ%EU %?ﬁl@ dhefhord | M8
and the annul ar concentric projections o nh rane may
be t hi ckermerhizang ey beithéckenihan thetieser sndjeutweﬂldtswalmhé"haamlilarlml-.rmrface

surface of n ve.a of. cirgcul ar

hol es, eac ftﬂclﬁ reé{ﬁeie s %ragl'%%a E}}al ong%“aggif Wﬂaﬁéalf’ F%Fﬁgle
concent r i gogitioheChedtoess tha tverainnyr cnoemee @fqieoimm::&&iﬁngmmﬂnafardl@%m
surface. T e anr hﬂi’l‘ E‘B iglrfac of the retgihing, ring my have a
plurality® 2t [RFYS SWitacee d be aruilar uppey spTfpqe i e Riningsdrgmay baveiao ned
bet ween t hmﬁmy o@@ﬂﬂi@fcalﬁ@&@@@tdabl@cflﬁﬁﬁ@ﬁ@@oes@ﬁds%&ﬂbét\k}@enfth@ﬁr@| e
menbrane to be secured to the retaining ring with fasteners.

f1exi bl e rAERBARIRECPRINIC FREcsEs AYaMIng Hiedlexihle membiragip bemgeurtd mlbreéalmng
menbr ane - Jith f20RES Phe AGAL ARG ang%fla‘ir Hel Wep%ﬁ?tpa Sl hda§ O  ThE

annul ar retaining ring nmay have an annu on, an annul ar
upper por tilegible mnmbmnbmwlbng?orhmﬁ@f aﬂnehsmenateﬂm auphnmmhnmie] Ohesnnular

portions. The.annul ar orti.on of he reta nin have a
o U o 1oy gt Rhy hREh RS ReRerholt ob PR PR B Beat g 1 ng
may have dandingldyer bétweexatha 0pper bed Iwieepomtdﬂsf arte, anidl & 1818y pdiBoemué ar
lip has a hori zontal outer surface, and a

a vertical
non- hor i zdFRRNE R a%ﬁ?‘iszi‘&g aiﬁﬁé’?mﬁ?sar Thesaaplargppes rosties of theretaining
retai ni Ng drighayMie a@uﬁuaarh@%ngq&wte@@m%ef@ﬁ&ma% a%ﬂuwpﬂlﬁﬁa@émul ar
surface, wherein the |ower annular surface 1s wder than t per
annul ar suiorizemsal Ipwecwyieee, avertisalroutes peidace, andragroarhetisentaliupger syrface. The

descri bed. | i ' '

mner sar anag SEbPhHiBRof RE ek AR ADDP AL ikl A W ypres
subst r at e anpulaetugiape, twhereniihstlowtreanmadat sovdace is midieactlmnctbmtﬁlipgnmﬁntldro
contact a i shing pad, an annul ar upper surface, two annul ar
concentri ¢ Fé€esses in the annul ar upper surface, and a plurality of

cyl i ndri cgogepcessesn agakdt agpect, Addthiglg rfx@qea@c@w mh@wﬁnm@tdh@%bmde@

two annul ar concent ric.recesses. [0007]Inplenentations_of the
i nvent i on 3Ry %quggjl@vg}geand%m%wgacgpo ed to circumferentially surround the edge

of a substrate fo retain the substrate, a lower surface configured to contact a polishing

pad, an annular upper surface, two annular concentric recesses in the annular upper
surface, and a plurality of cylindrical recesses, each cylindrical recess positioned between
the two annular concentric recesses.

[0007] Implementations of the invention may include one or more of the

following features. The annular ring may have an annular lower portion with the lower
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followi ng features. The annul ar ring may have an annul ar | ower
portion wth the |ower surface and an annul ar upper portion with the
upper surface, the upper portion and | ower portion may be forned of
different materials, and the upper portion nay be joined to the | ower
portion, e.qg,, by a bonding |ayer. fé'ge annul ar_| ower portion may have
a proj ecti a&‘?(i"éjrﬂﬂ fﬁ’ﬁu\%ﬁ? SEP%EP’P@’ ShedioRgr ﬁ“é%%_%hei‘-ﬁ’r’?ﬂr@%b@d lower
portion, a;srgﬁam%ﬁrb@f&ﬁfeagﬂdimben%a@ﬂﬂs,aa!nﬁ% dpper cﬂ'@&{rﬁ%'Fé &e%?ed% e
eu e [ ower

retaining ring. pper portion maif be harder than t
Ihpeaniy

portion. Aowenpertighnhg. dty shmtlingdaxst. Blanlomien gortion qagrigvdepmjedton

surTace oy aaih o ccrloAphe loct B AL AL R8s ARG BB siopa

surface t calamg thobrerr suficaofthe Astaiomp eings Thé amer phrtibh eay &k abuden@at theg
may have annul.ar li.p. The annular l] . _have a hori zontal | ower
st f ace anGoE BiHtBban BerRSu AT Het ik titee Buf nd IS md B e cBBS e
above the amblat airfdck Bf thEh@ainm@eings Thé &SRr Fa¥ack AEISGud 4 9Ga0R Jthat i s
tapered inwardly fromhottomto to [00081 I n anot her aspect, a

flexi bl e nERBYATECREPE FOE HF H@eraw_wgsmaa ogtey gHrfiChi A Opten gurfase of the
descri bed. . ffiGnd HEX Rl RarBBRLARNE: i) C'l'ﬁéda%ﬁul%ﬁ% hie d Hb?ﬁgntgﬂg\ly?ﬁ; er

side walls to surround an annul ar  ‘chanber, ar concentric
ext endi ng hweteowtadionedfuppensutiecet dire euigesuwface ey bareeessehsbovu tlerangilde

wal | s, an @n . conn .1.0 the sid [ 1., .an WO
annul ar co cgmeﬁﬁ%érgﬁg%%ﬁ%ﬁ@g%& gél‘ﬁlg’?‘&\lgaqﬁgotg e\f\%‘ﬁ&f’vﬁnﬁ %ﬂﬂﬁq‘i’go%ﬁﬂ%ﬁpar

| ower sur f[@6€8] [ 0009h krhemneyicy hifleriblohetbiend fov appliian ai®ad th Acttigmgone
or nore of .the .fol.l ow eatures, The ncentri ¢ j nner .and outer

ol de vl | S LRGP ARG P et B AomE R R s Sde wans
ext endi ng {9elO¥ridR ARk dambeVVBinuddchRehtric Thes dididhofSRRANRL fdf the
rinms and the annul ar concentric projections of the flexible nenbrane

may be t hiteRedeeafdhe inpe and quter sideiwally an amjuips loyearisurfacpisennasteditathelsisige r
surface of j ar=Tpan L i ' of
hol es, e. gv.v%lﬂ g{lérl tﬁ%arrplhﬁél es ﬁlgggﬂd}%@?%%@ﬁ%@%%ﬁggﬁq@ﬁ%ﬂ@%
annul ar coawerturfaes.proj ections. The hol es nay be spaced at equal

angul ar i al s ar 0 h | exi bl e rane i s
Foreq of TaAI%c, FChehiiBpns Y She MUEABR B IS FE or KoK R
aspect, a foHswingifeatirag iThedes@niriadoner Thdowtar sidecwallsi dithd it @smarine

annul ar ring havin n i.nner surface configyred to circ erentially
Surround dRREERF PHGE PPTIGRS Setesing el s SBTHB PV EES: o REGRENEL a
pol i shi ng acbntr@Gma Bnd {Be Qﬁmﬁéﬂcﬁﬁ@eﬁt&gﬁ‘éjh&%_ﬁ? df e flegibRitharhiakk hey Be
carrier head. The inner surface includes a first region adjacent the

| ower sur fthickenthamihe ingspandequter gide valls-aribe arnwlardever syefacerd thesllgdble of

thie inner uUnéasena@baneNin:Rada 3ROty bAfolds L5L ck&@h:Mles, cach hole
positioned between the two annular concentric projections. The holes may be spaced at
equal angular intervals around the lower surface. The flexible membrane is formed of an
elastic material, e.g., silicone.
[0010] In another aspect, a carrier ring is described. The carrier ring includes 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
configured to be attached to a carrier head. The inner surface includes a first region
adjacent the lower surface with a smaller inner diameter than a second region of the inner

surface adjacent and above the first region.



[ 0011] I npl enentati ons of the invention may include one or nore of the
follow ng features. The | ower surface may have a smaller inner

di aneter than the upper surface. An outer surface of the carrier ring
may have a recess adjacent the |ower surface. The recess nay include
a horizontal lower surface, a vertical surface, and a sl oped_ section

connect i ngl0PHY hor i ZBtplementatings oisthe maerion ey iRdude.pae Q?é‘llor%ﬂffthace The
vertical Sﬁﬁ&@ﬁﬁ fQﬁ%ﬂle@X‘l‘gé‘QV\fe{ a{ﬁawﬁm& AR a Sl bARRe! Barhdter tﬁémeq per
section. The recess my efine an annul ar st ep 1In t he outer surf ace
and t he ansvoface. An ewemyfahao%tha cyuieng ey hdve alreesas ddiacenicthe omdi ﬂgface
fromthe | u C

connect | ng Eee kel 1551 Rk RrBERENGvAR 800 S MBI b Hoped seciion
i nner di aneneécting gle: loritoanl pueesurfibaurel the veartdged saface MEhdnepiral sufitaney

may be rounde A pluyrality,. of c | i.ndr.i cal r esses formed in
The upper St eV iR wReCkeisron; 1ar otanaSasetag g pRie
spaced at @eiiRlnenek fikfabd)bfd ¥dlafndiQuptndyiRve RREJonE WefRAQurfAdRe | ower
surface may i nclude a pIurallty of grooves extending fromthe inner
surface t otxigndingtfeom ﬂmlpa!é@surfwﬁem@eﬁr sepand horipgntaldgwersugfaes wgnesting the
TROC O LGerAT Rk 8hd flosefnflvertRhASlhés, ANERGAIL AL el ind Router

i ncl ude an annu and an

ar upper portion having the upper surfa
annul ar | odmetpmdge@rﬁ tﬁiﬂmpngswﬂaee awes ro&ude‘daaﬂepluvalnmoﬁdyhndmbrecesses

portion joine er portio nnul_ar . u ortio

Phe annul aPay P i HEREE SEie= e Pforfy e Ao MR R G B pf e
di ff erent mqemlaﬁgtaar m&tva@mmnidethe ufer spfee. Py lowensutfiye bﬁyixﬁ[ﬂﬁed of
a netal and the | ower porti ﬁg? e, forned of a plasti

pol yami di nplgraliy chﬁ‘i%ﬁ‘i‘?@ eXigyERe ORHEFSHrRgsdo G‘bﬁéﬁer ﬂJé‘lFaF? o?;thea‘%‘i‘H‘eE Kag

| ower portj@fhe 4 Eﬁ'ﬁgﬁ%ﬁlrﬁ‘ddelo?‘ﬂﬁrsaﬂ@ bfakePRl, BBY, pldAGe. UdBe dhlriafving Bhy
projection extendiRg into an annular recéss in the upper portlon and
the annul ainclydoprenmuds uppgr resicaraviak dgrppesuiaeeandananadat lowheparieres s
may define p r

edge betme%%‘&ﬁhé g%%?@h afﬁﬁ%gggggﬁﬁ?gggjg%%igﬁ% &%OR Fﬁyﬁﬁﬁﬂw
i nner surf aqur payiomn amtbtharannuimdnwbqumm ofitlas cngn@trmg raajq ltmcaemfmmhdaoﬂ ower
surface. The.ste ve a vertical er wa a.horjzo t I
pper - sur  BaeniRaElcRY Srile aid oot RSmrEhe 1R Br o RHEERRBR o
to top abomivet Pértiaf niaf W FetmedRt @ tplasti, RE., tppbramidigid.aA bosding layer HEy
have an i nwardly protrudi,ng hi% adj acent th upgg& surface. The léf
may have aCQP@F‘ttﬂE%IFPPieﬁH@FmM’F i a.lfav o BTGB L E% éo"ei‘?r(?ﬁﬁloint%aydb

and |over gAgesy Eﬂﬁedh%ﬂ%ﬁteﬁc!iﬁ% BB rdcafich B 1ipBYEiokioh, bk t op
to bottom bel ow t I n anot her aspect, a carrier ring is
descri bed. afler praigdtion maymgtmd@loag thednpay |smfaoapmﬂrrefeﬁ§$ miap deinsrf hagigertal
to be position

carrier i PR St abilaEweR s PR A0 ARPHE Gl BRRLURR Wi ol
ring and hnaﬁthamsmmal]s rHedner ewifice guay ddvd an mwatcﬁiycprotruqhng s&h adjgcepaﬂie

The annul a i on has.rounded portio o] t he, ed its
Upper sur e BigpoRy The fe R Aa A g col LV & A EiRARL AR e
porti on hagh@inh@CREBcen@ ge tabsre® iiviirdld fRREERfonBiddopal RWie HUARAEE
with a smaller inner dianeter than the upper_surface of the annul ar

upper por t Peifudingetes] Thresrsingrrayeve i mperdnpeivies lpagiarse fisderene
or more of &Ilﬁa%ef@hé hB@@é Y inhBewARLAd findedrefERY af&ﬁ% a Bﬂfepﬁvgi
e to e edge

to a base. carrier |ng may be confl gure t contact

of a subst tereeedgEhe Thamknsurfappmey potapérod inveaydlyi five tapd bottom bajowthe
cyllndrlcai recesses on its upper surface. The annul ar | ower portion
may have a Blurallty of grooves. The annul ar upper portion and the
annul ar | oyegi2por ti o @btlichssped 4 t@tierringds dayriteel. &"hﬁlcﬁl@iieﬁrmglhds arade

of the same material, such as plastic., The annu r por
i ncl ude an WI“QPEISROEE 1ggad FPeRosiiianes Be npq.t{g ﬁ']rbf‘Wél\‘qﬁ t]aéq%‘ﬂij

portion. The carrier ring is configured to circumferentially surround a retaining ring and
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[ 0015] I npl enent ati ons of the invention may include one or nore of the
follow ng features. The outer annular portion may have an annul ar
recess along its outer wall and an annular step protruding inwardly
along its inner wall. The annul ar recess may allow the annul ar

portion to flex. The annular ste have, non hori zont al upper, and
| over sur fhegadowergurt ?q%weﬁ%&nﬁﬁé Wgwad-t e ansular wppef perpign has

connect ed ondeAPoRitnS hicAR M ke BT URBr suIﬂa@e AnfQtsA R hAd oﬁt!ngcﬁétgtgﬁsl on

connected to the outer annul ar porti'on may have a hori zont
ext endi ng Theearepslomerpertion hese reress alvhgits pyendigmeter @@rﬂflpymsendfacmwiﬂea

socurod ! uRiBeRRa R SRRl an HISHARGE AN A b ARG

narr ower horlzon portion FSwer annu pIurallty
of concent[ﬂDIS]annuI dmplensentationyofiibe moemmntmj mcdudm::rmnmrepﬁﬁ'the on t o

divide a une above e nai,n ort| 0 ur a of chanber
Chon Che Rl SR e 0 DR s PR el B £pal " rhé gy
the flexi KoafigedioAit comictiRy@lgh 084 sRRKENThE Snralki U%fs’efr pbHRRA%hay have a
connected to the main portion. The |nnerm)st concentric annular flap

connect ed R wakﬂﬁ@f REirirsak e pespes PRy NaDGE surfasr (The Aelardoweninoricam st pg
twardly,, |
outwardly nlgmgn an 66%9 ?H@ar%ﬁ%{) Q}%He?goﬁgﬁ’ Qn%e%&ﬁﬂﬁ%dv@%n of the

portion, ul ar angl e | ol ned between t
porti on arrdrieneing orayderat singipunt mede of Theesamermaterial cngh malmuct Thaamelar

havealar u ur h. t.he mai on_tha
EeC) oo UPEe o e inshddd oh #Bfha o bbb BT b hedelHloy s
concent ri coussndisnaeterf Thp anodnrseptreay Kave & heirmikal Iqwa’rtsm@atenﬁye mht have
a vertical portion ext ndln fromth malngortlon E“ZO aI
portion eXRCEHM ghs A gD s epsired ﬂg%gﬁra?f A SEtioRiof ey SHE

the outer dﬁ%ﬂﬂﬁuﬁiy behg tﬁ@ﬁ;ﬁpéﬁﬂés@lsdg%wffme(ﬁﬁnul\ﬂhﬁéﬁ'Thetdﬂﬁulhhh@%rﬁdrﬁbr{%ﬂ

be secured to a base assenbly. The horizontal portion may have a

smal | er t Hhewrmalas lawesporting et e raede of diffarent materials widabonging laert he
three out gf.pR3h t}?quﬁnéﬁgﬁc’tuﬁl ?‘Q@Hﬁtﬁﬂarf g%}%oﬁ%WIﬁQeEQec% qnfﬁ??d%er

portion. e second _ out er concent’ri c annu aps
connect ed sudfa¢etedongrisinpardidnurienand thaseuéer iewdr pogion nsaydtae af annula1

hori zont al__portion t .l enqgt h ver, e Wee

ho 500" ° Sl Hoh Qi i Bad bl RSt (BREL LBRe BELHE AR b

connect ed th@prbj'betmsmjsrslzadm fiiftohy rdcess| u‘ﬁereaesmlcm@ tiad mhérehamma{dﬂlﬂe

bet ween t he gorl zont al., ort| on aﬂd the, vertic 5)0 tion, .-The. notch
38%1 1?‘{/"

may al | ow FREAHEPEL RN mp"éfrhf‘Y PEoRRLYPPIESY roppdedgpoeionglang o f
t he concenhg ingidawal! ahe hhas UppYr fodsdnUdsy w8 ah Givaadl tpmmdmgqiptmﬁlg%é h

the main portion. The notch may reduce conpressions in
portion. Angerdigmets of e uppeysuifaceywhgreip Siedinmpy bavg m@rta:ﬁl mn%rp?éallrmgl

i mcl ude a %@ﬁ&&@hﬁ%nﬁéﬁﬁgﬂ %f ?%?&fo%r%{ég a vertically extending
section connect extendi'ng section to the main
portion ar[ﬂ(l]ai]secondin axﬁothérasymlcmaélexfoie oémbmneisdesaribednthd Bexiblé aps may
include a | ateraldy ext.endi.n on and a. diagonal | xt endj

Socti on ooTAERRS ATtf BB RO Lo Per e e Tk bl Y
portion. Tdefadel ﬁ&lmﬂdutéﬂlﬁn@lhﬂpdi’hbﬁ yxtedirgoiae tHer duter gedfalkie ﬁahm@ﬁrtrmy

be an out er rmst flg t he second f t he u[allt f cong nt{
annul ar 8B %t"@ﬁnf FR3ABefiop p teo[-“@ﬁg‘?ﬂ %’ip% ¥ 2 pEhberpl edge

flexible %ﬁ@@raﬁaan bSmd8SEEdsPSshve AL 1éhg TR ButBOwAl] Ofthe Vit hndulbower
surface to provide a substrate-nounting surface, an outer annul ar
portion exgostindi lgepeophartledabisge basgeunsed inmer mqvtq@@ultfat:@ﬁan@ﬁd a
plurality r | ar flaps connected to the main portion
to divide c%%%’ﬁg&n@rgfb&)&éﬁ?he main portion into a plurality of
chanber s viels]t he f[[mplebieﬁtanamriﬁfa}mnwmtmammyenblm@ aeanoresf thead. A

ot oral |y elieBnara el The i AR Ao EPEY G726 Bl e etlp By ove

wall and an annular step protrudmg inwardly along its inner wall. The annular recess
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mechani cal polishing of a substrate having a front surface, a back

surface and an edge. The carrier head has & base assenbly, an annul ar
retaining ring positioned beneath the base assenbly, a first flexible
nmenbrane shaped to provide an annul ar chanber positioned beneath the

base assenbl nd_above the.ann etaining rin a carrier ring
ci rcunfer éﬁ?{%{? the GP?'@%M?FWE tPLI‘ﬂé’ X & lﬁ?qﬂuﬁfj fgp %ﬂ}ﬁe %%‘%F?f&?f"@[juﬂpﬁr
contact a zﬁx@'lbﬁé’ﬂ s0Efadad The NekiBleSRGEtIShel hA Nkt %@ﬁiﬂ%‘la@@ﬁps YWhBEQLdolthe
vol une between the base assenbly and the second flexib menbr ane
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surf ace, Whﬁh&ltéd th hige lﬁﬁlllﬁl-ﬂoﬂfonﬁﬁ abedu d voluré SjoPe tHeQRSin bLiochiiABd pmaﬁtyt
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annul ar p f i
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transm tt eghfr e@fe @%%Ené?ﬁ‘?%rﬁ n b3§ ﬁmﬁl@%{o&htafeﬁﬁg&ﬁt%g%e%eﬁ st

one of the nnu aps e mal h portion of rane so as to
reduce conlmregstnkm&'tmmartdhbe Wamal pgmono ihe fdtch wey ahelv thechorizbmalyeriimane
east 0

may have g ural nnul wher,e of .t

annul ar fI ail?r Aﬂ? neﬁ & conc(%a%]tc lar tgqu &ﬁyt“ﬁ%u‘%'ta rfoé%{ga?%ﬁne
of the an ryuhaﬁrequapﬁe br@idf Ibc&ﬂonMTEIﬁb ridfeh r@iy&ﬁé&ﬂe&oin@rdﬂﬂﬁﬁﬂﬁhhd Maiagbamant
pressuri zea ers. [.0020]1n a r as a . carrier head for
cheni cal ?ﬁ%{ﬁ’ggﬁ Wakty of corge 'im&"%'ﬂ?f aP%tF’él/)B}’i‘ ude adpteraify sgtepding i s
descri bed. selfigh &ﬁraweﬁicah?éﬁ'teﬁtﬁﬁ @eca%@meamg@ﬁs{h@fagy%&%aingge&foﬂ% @pd
a carrier ring. Teretalnlngrln has an inner surface configured to

ci r cunf er emtingprtipngod poeseadohtheadyality of eonsenige pritndartflsps wanineludse
substrate, Ia%gaif}%%geﬁcé%g i ABA an&lgg oﬁa }Q@ﬁteﬁéﬂﬁé ge(l\’:ﬂ%ntl goﬁlggﬁr%cthe Prterally
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ci r cunf er esstéralidgysestionrto tirednzig pbhfmnr @hefirst ofthe p]mmhtﬁnf Qb eitris eniie e,
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grooves in the lower surface of the carrier ring are wider than the
plurality of grooves in the |ower surface of the retaining ring.

[ 0021] | npl enent ati ons of the invention may include one or nore of the
followi ng features. The carrier head may include a substrate backing
menber having a substrate nounting surface, and a |load fromthe
substrate Wﬂgﬂti ng sorhetber aspect,reflexitis membmpe & desaibet tawrhashenain portion

(ot oh 9 FLRRAR IR0 LaNIA% B8t pBo B A LOM AN GRSt 1O

backi ng nesxeidingefon el dutke edgd dufethe hkie PRl &ftes phihaitydfebadantrie a%ula:

grooves in.the Iomeat?ﬁvface of, the .C rr|e ring may be about tw ce
I

as wi de asTPREOPIGE AN BRTEY s diy e £ Bl Om BBV PHELPGIFIOR o 2

retai ni ng glidaBty omﬁaxﬂbéﬁ b the(?fex%[&ﬁé’rﬁﬁrah@lsngﬁlré&%rcaﬁi& hage Aﬁﬁ:s{&e
carrier ring may be aligned with the plurality of grooves int

| ower sur fthe Bluss ){ﬁi ﬁ@%@@%@ﬁ’g‘lﬂ ifiaes inplode 2] 1tealls exiahding efctiomends nor e
nbodi t
enmbod Nent, taH% Qgtgg@r?%chf?ﬁ'c%ﬁﬁectﬁﬁtﬂ&% ﬁ{eﬂi 35151 g%&%%}{g%p%é' nagrhaortmn,

drawi ngs an ption s
advant agesandfa setpmdiofiteriliuslitywif chndaatrmpapmﬂmﬁapﬁ izindede latke sty éxpetddﬁig

dr awi ngs, dfr PTI ON GS [ 0023] FI.G 1
shows a scsﬁ g qgﬁ%gglbe?{tqﬁgg &ﬁoﬁ?ecgn%%e#?t&awﬁéﬁ%n‘g WS to
t he preser’rhemmnqmﬂmn [0024] FIG 2A is a top view of one
irrplen‘entiélon of a_retaining ri g [0025]FIG 2B is a bottomview of
one inpl e M7t i on Swplsmentapny C?fd ermmjmon may include one or more of the

( following features. The first of the plurality of concentric annular flaps can be an

outermost flap. The second of the plurality of concentric annular flaps can be an
innermost flap. The laterally extending section can have a smaller thickness than the
vertically extending section of the first of the plurality of concentric annular flaps. A
ratio of length of the laterally extending section to length of the vertically extending
section of the first of the plurality of concentric annular flaps can be between about 1.5
and 2.0.
[0018] In another aspect, the invention is directed to a carrier head for chemical
mechanical pelishing 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 fo 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
configured to contact a polishing pad, and an inner surface configured to
circumferentially surround the edge of a substrate to retain the substrate. The first
flexible membrane has two annular concentric projections extending downwardly from an
annular lower surface, wherein the annular concentric projections are sized 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
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[0026] FIG 2C is a cross-sectional view of one inplenentation of a
retaining ring. [0027]FIG 2D is a cross-sectional view of another

I npl ementation of a retaining ring. [0028]FIG 3A is a top view of one
i mpl ementation of a flexible nenbrane. [0029]FIG 3B is a

[0030] Fi G ISR ST AR iy TP 878 LsFIBI TGP B RS P BFFOR DAPIBNoT | g
[ 0031] FI G sufffBed & RofiBé b SBsM @Y RntifR §ur PAID bR BI iy iR IR p o Rk tehh
ring. [0032]FIG 4Cis a cross-sectional view of one | n%l enent at | %n
of a carri%em thegyter 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.
[0019] 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 in the annular lower portion of the retaining
ring. 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 thé main
portion of the membrane so as fo 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.
[0020] In another aspect, a carrier head for chemical mechanical polishing of a
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
circumferentially 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
circumferentially surrounding the retaining ring, an outer surface, and a lower surface to
contact a polishing pad. The lower surface of the retaining ring has a plurality of grooves
extending from the inner surface of the retaining ring to the outer surface of the retaining
ring, the lower surface of the carrier ring has a plurality of grooves extending from the

inner surface of the carrier ring to the outer surface of the carrier ring, and the plurality of



[ 0033] FIGS. 4D and 4F are a cross-sectional views of other

| npl ementations of a carrier ring. [0034]FIGS. 4E, 4G and 4H are a
cross-sectional views of inplenentations of a unitary carrier ring.
[0035]FIG 5 is a partial cross-sectional view of a flexible nenbrane.
[0036]FIG 6 is a bottomview of a carrier head. [0037]Like reference
synbol s i ngepeesyathedowegsiparfdhe eralieaing ars wisleethemthetpduralE DAL toE RS in

DESCRI PTI %ep&gé%x@%eeorfﬁtﬂe’}gtahﬁné:ﬂhﬁ.l’ a substrate 10 will be polished

by a chem ca
[0021] Implementations of the invention may include one or more of the

following features. The carrier head may include a substrate backing member having a
substrate mounting surface, 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.
[0022] 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

{0023] FIG. 1 shows a schematic cross-sectional view of a carrier head according
to the present invention.
[0024] FIG 2A is a top view of one implementation of a retaining ring.
[0025] FIG. 2B is a bottom view of one implementation of a retaining ring.

{ [0026] FIG. 2C is a cross-sectional view of one implementation of a retaining
ring.
[0027] FIG. 2D is a cross-sectional view of another implementation of a retaining
ring.
[0028] FIG. 3A s a top view of one implementation of a flexible membrane.
[0029] FIG. 3B is a cross-sectional view of one implementation of a flexible
membrane.
[0030] FIG. 4A is a top view of one implementation of a carrier ring,
[0031] FIG. 4B is a bottom view of one implementation of a carrier ring.
[0032] FIG. 4C is a cross-sectional view of one implementation of a carrier ring,
[0033] FIGS. 4D and 4F are a cross-sectional views of other implementations of a
carrier ring.



mechani cal polishing (CWP) apparatus that has a carrier head 100. A
description of a CMP apparatus may be found in U S. Patent No.
5,738,574, the entire disclosure of which is incorporated herein by
ref erence. [0039] The carrier head 100 includes a housing 102, a base
assenbly 104, a ginbal nechani sm 106 (which may be conS|dered part of
t he base a@@%‘ﬂbl y 1G4S, 45, 46band gl amawpse-saagignalyiovet efiimplegrentations of 2
assenbly ingi a %n%etalnlng ring 200 and a first flexible nenbrane
300 shaped to prOV| e~an annul ar chanber 350, a carrier ring 400, and
a substrat[@¥dcki ng F&@éeﬂbbwlam@osahbaimnhhdémdﬁsﬂambkecrmmbrﬁﬂeexi bl e

nmenbr ane hat d Iurallt es urlzable chanbers.

O her fea’?@ﬁ%@ of tﬁib aﬁ’gralabéJ 8%83?‘?9?% a simlar carrier
head may b@odmund i mLiks ﬁferﬁﬁ:%@ﬂhb(ﬂ@ﬁﬂth@ﬁéﬁdﬁ@ dﬁ%ﬂhgﬁﬁ&bﬁ@hk@elements
2006/ 0154580, the entire disclosure of which is incorporated herein

by reference. [0040] The housing 102 can generally be circular in
shape and can be connected tOI&EMﬂI)E@]SBSCRIH’IQOE\Dt ate therewith

durin ol j.shing. There ass ot |IIustrated ext endi n
t hr oughpt h@aﬁhugl ngrﬁf@rm%% %%’eﬁ Wtﬂ cgol lﬁhf‘é”b’a?r%ﬁe@#cahead )
100. The Qﬁ&%aﬁ%ﬁ%mlﬂ Zglaéb/xpfa@m\aﬁfstma@ﬁéé A/cd?}?é/ﬁﬁh@lé’ésﬂégcb{%ﬁo%base

beneath the housing nbal nechani sm 106 permts t
assenbl y 1@41Ptagpgp%@1ay be If@mdm&% Peigat N@Lﬁs'i’%@"@ro@e whiitk disploswe nf ivhigh

| at er al Ehﬁﬁ%ﬁ% ch%ﬁgg%g 86 ly 104 relative to the housing 102.

The | oading c oca éd between the housing 102 and the
base asseniin3f] 104 t @happirier headd8d includes 2 houstipudaas Hasp raaﬁﬁllbtyel 0ar a

wei ght, to.t e .as 04. .The vertical position of base
assenbl y wbaan ?W@?@QW%*S%F@HPH@N& Forah o Bt Formely 18@ Bhe
| oadi ng™ chasdigs chbﬁ&er T8 2 Sethining 2ing abREII 8 CRADE ARbtinkbCd g@d@tﬁﬁ@ﬁ fidst
flexible nbranngOO with a | ower surface 512 that can provid

nount i ng flﬁ%@e fang 3QQ, sappdiogprayide toowyiarehasther A0, peariecEns 299: 3B,
a substr ate@xd%@uﬁs%‘ﬂtehﬁcﬂ‘ﬁh QSslaiﬁbﬁr 105HidN 1Hﬂufrﬁ)srhgse {oe SLABRGD 6P 2@

base assenbly 104. The rétai ni ring assenbly can be constructe
from a retth#triefigesr pi’gfahmfmsulmblekhm@rmﬁmaﬁwgu&@ of theapeidr head

oo, o e S HUR RLALL0S £L0 00 S0 Hsguon

secur ed t dN¢.r2806/0 E5G5B0 ethmmtbe diselo806of which is incorporated herein by reference.
[0040] The housing 102 can generally be cireular in shape and can be connected
to a drive shaft to rotate therewith during polishing. There may be passages (not
illustrated) extending through the housing 102 for pneumatic contro] of the carrier head
100. The base assembly 104 is a vertically movable assembly located beneath the housing
102. The gimbal mechanism 106 permits the base assembly 104 to gimbal relative to the
housing 102 while preventing lateral motion of the base assembly 104 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.
(0041] Referring to FIGS. 2A-3B, a substrate 10 can be held by a retaining ring
assembly clamped to a base assembly 104. The retaining ring assembly can be

constructed from a retaining ring 200 and a flexible membrane 300 shaped to provide an
10
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.[0042] As shown in FIG 2A-2C, the retaining ring 200 has an inner
surface 231 and a | ower surface 232. The inner surface 231 can be
configured to circunferentially surround the edge of a substrate 10
to retain the substrate during polishing. The | ower surface 232 of
the retaining ring 200 can be brought into contact with a polishing
pad. The rawaianichanber 350.208 tetadningring B @n be ppstiorsdritkacth thadexibkn
have two annul ar 85E tri-c L§CERSEs 233. Tﬁeﬁs annul.:)ar ncentric
} T;

recesses Z%mc?ﬁle e Si zceoélﬁtg%rcl n(f e‘? Teglé]ﬁggﬁ Wﬁ C&RTRYTan rane 300
posi ti oned[tghzive t heAs stioanrih FOG.AARC A00:etdifd0d 3hd D0 hataaiinied gurfic8 93200

can be constyucted fro ri.ngs, I r annul ar portion 234 and an
upper annu?"ﬁiau]ﬁﬁ'f"f B8R %é“ﬁg%\ﬁié&acﬁg\ﬁf%&%@@%@gﬁgBbm?cHP’ﬁ%Eﬂt@lea

material Wirehnd ﬁle%ﬁ%@&ﬁ@édb)ﬁrit@ €0 fo leRiAhOMbsREE 888y pAldERe AT h&lower
enyl ene sulfide (PPS). The |

plastic, e.g., poly ene . The | ower gorf"l on shoul d

al so be dufuafire el theeéaining sing we@ pary betheoughhindeietntaco with wipelishingepad.

portion s Etatﬁﬁn?fiﬂ% 5 %tah%nﬁlﬁméaﬁéﬂu@a% Bias c%ﬂ?&vec%taﬁﬁlﬁ]lalpgonﬁé}ﬁic
S cause the

substrate edge agarn e retaining ring does no
subst r at e tecessdsi 3330 TheseankulaContéidriotchessest P33 dan bé&zddorentepanktwitna

shoul d not be so el.asti.c.that. downwar ressure the retaining ring
causes t hell$d FEBH’FWGC?’??OPBSI@%%@V‘?tﬂfget?lwggé‘%gﬁ?'at e receiving
recess. Thpokziwer pOrHeireRin®ie AdpE2000%8bOEABHIEEDEERANWE s, ANowe 38 hular

di aneter just |arger than the substrate dianeter, e.qg., about 1-2 mm
| arger t ha?PrEI%Z%‘ﬂﬂ?gtaﬁawBﬁcﬁnawé{ @91?10%%3%&11960%@@%3@6@%%@%9%

t ¢l er ancesyokritiNenistRehemtcslY RRAING CRISHSMss, Kieh 461 Rhdticgg i N can
have a radial w dth of about” half an I nch. [0044] The uppef portion
235 of t hepalmbgivienrpuifidePPOD Therlower Hosianshiowt! aksorpa durablel and have 4 low
nore rigi the r ' 1L i alean a
motal o oty BadaB aR R ABrER o8 Wbt B B
e.g., al uniontact offthetibsetrate xégpdgaingt e teinial sing 1084h} Vheathchebdhate t6 thigs

234, 235 of the retaining ri,n re joined e per. surface of the
Fower - por i e Bdhdringa Kt bfichn stold Fe ESae St e tord e
upper por tedud¥e. thd R ihing rihk Q8iFeJAB Evidr pYrtida e e tias tab tiethbstratehe
same di mensigns at the_inner and outer dianmeters on their adjacent

surfaces siGenvipRECeishd helRyaripREions dhe rolmingsiing GnfpyR Soerdaecteiet e

annul r por b e e o Dl ey R SR et

t hei r adj aoasto sepmawdste pPbidiohing dilergndes pbthe sustratelonding syblemt Wber i ngs

fg;erpr oo ”%gﬂ%@h%%ngiﬁvé LY viBmloPEudfhak M 48,1 n9- The bonding
[0044] The upper portion 235 of the retaining ring 200 can be formed of a

f 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.
[0045] 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.
[0046] The two annular portions can be attached with a bonding layer 236
between their adjacent surfaces. The bonding layer 236 between the two rings can

prevent trapping of shurry in the retaining ring, The bonding layer can be made of an
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adhesive material, such as a slowcuring or a fast-curing epoxy. High
tenperature epoxy resists degradation of the bonding |ayer 236 due to
hi gh heat during the polishing process. In certain inplenentations,

t he epoxy includes pol yam de and al i phatic am nes. [0047] The upper
surface of the upper. portion 235 can include cylindrical recesses or
hol es 212 #heHveakHals fchen & sloNGewERERA fast-sutingceprye Hightenparafuespesy

as bolts, r@ﬁg@\ﬂé%.ﬁggﬁﬁgto ?%r?gﬂ%igg@%gr 2360dne I8 Ridh hBG dttlﬂﬁg [F%ép%?}l%}l@%ﬂéi%g

200tothef|ex_|_ . sitioned dbove it.
can be evdnloprisipampldmaniations, thespoxt nclridesgotyamidesand adipkativasiihésoned

"ol enent A0E1S, 20 hel BopkRIRHE 11Tl GEETREToDRE cob U SRR rocesses
transport aliwiwals vﬁm&czfegrs?ieaihi (hﬁt Siown)wekcaiy fagesers) 32%11 ZBNR1S, | sHiey, or
transport channe]s extend fromthe jnner _dianpter to the outer

di anet er _o"ftﬂ rﬁ’@‘i%%’bﬁ?ﬂ?‘%ﬁﬁ%@@?‘&ﬂ ngg ?&M"% g?’ﬂP]P;me_t“EPrﬁfEs%o_Of rom
the exterigysitiofled Mdve M Gk Bble@D 13 B HellvalID shided ABnAHIE rGin rin?%g@gre

The slurry t[an5£ort channel s 222 can be evenly spaced arourd
r et ai ni ng PasHignedhrtyedy] the o errpyas sonqenisisasnseses 232 can be of fset at an

The. channdl @2 hova aiEbfehofidat 42 sRa5Re e 00 R R ARE

i npl enment atdnspat chaneels @2afominadyinr the fpvad Surfras 28 eTlor slumy Radsporo tighndle| es

that extend through the hody of the retainjng.ri fromt i.nner .
i et or (RPN heitier SRETFIE o 5P Sulef iasT B Wves piongiie yafiovng
wat er, to Passtolpadiiédiehd i€ ior @ thentbdi® oEXicqbtaRing g durP@pblihing. The
exterior tQ the interior, qf the retaining_ ring during polishing. The

t hr ough- hot'&%Y KaisPesk £Ranacls K4 GRphbe gvenlysprsed propnd i rotamingping. thaehbelyny

hol es can {gspyteitla%ndPas esh @émgaﬁaa%@@;é%mgagmmﬁgm HQOfld R

i npl enent ations, the upper portion 235 of he retaining ring -can have
a |ip 237 thraysl thetobamnel ethaschenpaiecaadgye Twédth ppaboanl.hzvmcheshor i zont al

| ower surf a vernti : : |

non- hori zo@pgl upperlhlgft%?% E%E‘E%%%ﬁ‘f’{sgtﬁgéﬁﬁ‘%g%ﬁﬁg g@?h%gdéwﬁ Fes hﬁoﬁlg}flor
t he ret ai ridhe thitrgtead dirmsgh thiibodyof theweeiinisgigeg Hbmitheinaar diudéter totig 400
as the r et&llterycﬁ'agnertérr}gr e‘ﬁ?o%vrigg ﬁll.ljxrdl, Q.E., g# gls {[Ng,t%;, (tao a%é h‘grrl]‘xl tﬂg interior to the

exterior, 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.

{0050] 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.

[0051] 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
provides space for the side walls 324 of the flexible membrane 300 to roll when the
chamber 350 is evacuated.

[0052] In some implementations the upper portion 235 of the retaining ring can be

wider at its lower surface than its upper surface. For example, the inner surface 231 can
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[ 0051} I n sone inplenmentations, 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 lip is recessed relative to the portion
of the outer surface belowthe lip). This recess 246 provi des space
for the side walls 324 of the flexible nmenbrane 300 to roll when the
chanber 35bavedt teresed regioa 240 clopeq inwarsdyré ﬁﬂ‘f@&é?ﬁ%iﬂ@rﬁl&bﬁmﬁ@) t‘rpmépp to
por ti on_ 2380 bliSw/aSlefiichl Aich 9, §AliePEtRh b obd Be bkt HUIdAS

than its upper surface. For “exanp € i nfer ‘surtace can ave
a tapered swiconfl 24 Qppdrgogibni M\ﬁ/a'rl"hb ym(ezl suefat;e dsfahd hg/edpmﬁen@iimgm be

di aneter) fr botto .vert |on ap red
Feqon 2hovEELAS e Ent et Pl g Bonh S i pHIEN

235. The i pagswes upﬁa@meefsurme of therétaipiptringHri3ts Gthr Heay /ljidesBlexiths

t he | ower g¥ﬁ%|on of the retaining ring wears ?;rlng substrate

pol i shi ng, rafje fhappravidep &t SFrﬁ'i“?é?OLE’HWéEE o ln AN, &1 ¥y ri ng
prevents VeafieRhtabnddhe6ait ol iRt MBIREANE hﬂéEarPlEé)éHagﬁsmﬁl a non-
substrat e-nounti ng surface. In addition, in soRre rnplementations, the
entire out@&k§gﬁﬁnmegopmwhee¥etaln|ng rlng can be coated with a
Shown 1 HOEHD | s8Rty STy BRTE0, IR BEE Y B,

pr oj ect i onlo2#dpdrtiat Zb&haracbaro;emum Hdchat teefsmnduomg:onemémg medebeeinltiener
surface of, the upper.portion h ectl 244 can .be annul ar,
o, axt eltRaTRS bhe PR R AR ThE RSlecEini R be SRR péned.

tlle i nner sueddagereindtherdtahinb MngthndicBbs Postioard Qt&h@m%éﬁﬁrﬂabek@f the
feature. The bondi ng | ayer 236 can extend al ong the outer verti cal

wal | of t hetaiing Beg foo ozlala 2 sfeg-likg deatire.o hhe bcmdglgémﬁ 23 @ean pdend alors ther s
shear forcguQietia] WONBE theQk Jé&ﬁnagfﬂ i %@}aftlgl? thie Heg Bl Rge Bﬁﬁjsférgg a1a

| ateral force on the vertical he projection 244 an

conpr essi visrdegndhe Iover hettign 234 ifl@tﬂe'fhe p@irsmnerpa@fnt@ héﬂtfbdrfdmﬁgmlthg@m@BG
235 ad) acelts Ehe repBichih 284 7d fifite P Bhks Bt SRS R BEA B
part of t hisonidingdayep@86.i Dhe @Bered exginn, 240 fieillustraad & waftaf theafppéth®rtion 235
7l oxi bl e mERSFatIE: BOIRREPREE: PoTHAE SO SURHY PG SLeaRHr e
flexibl e nesahe anee3BfbristriE@nifiigi 6/dction 128 cohlampegealaove to a base

assenbly 104 _and secured pelow to an annul ar retaining ring

provi di ng B854Hnnul arThersiapers meg200sed @ fepble membrang i ‘PE‘@}hel\ﬁﬁ@hthFhe
annul ar chapher, ﬁfégags&nmp.eqﬁemﬁ%m&ma&é %'1?$&ﬁ%%&@99cl%g¥d 5%%% an

i ndependent |y contr ol | oad on the retaining rin
the ret ai nforagbass argerpbly 06 erd seclusddelow tg apenméa'ﬂrﬁgmpmmgl zﬂﬂepxendmgtan

| padi ng on t he pad
2 her s PR R0 8By B PR B B YRR R0
retaining psmngnmddtkhhbxﬁm membrahepﬂ)m’amar[ mdemadanlyebhimoldlecloddien the

| mpact of oAl il Sling TADEY OF 2 Teth g B AN iAE o1 itho W Hofithing pad.

Independent 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
distortion reduces the uneven wear on the retaining ring, reduces process variability at the
substrate edge, and enables lower polishing pressures to be used, increasing ring lifetime,
[0055] As shown in FIG.S 3A-3B, the flexible membrane 300 has concentric inner

and outer side walls 324. The flexible membrane 300 can have a pair of annular rims 322
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occurs when the ring is directly secured to the carrier head. The
elimnation of this carrier distortion reduces the uneven wear on the
retaining ring, reduces process variability at the substrate edge,
and enabl es | ower polishing pressures to be used, increasing ring
lifetime. [0055] As shown in FIGS 3A-3]3, the flexible nmenbrane 300
has concengtendinghesizoniadly e iawartiscorahd tep 8der of thresidd wallstiZd. Faerfexible

v oty 1 fSROPRE PR BT s e By 1 SRR} D e O A Bl e

menbr ane camube rmiséﬁ’a efithedleaibbasembase bdditidriddly hé ﬂe>ab1e hwmbram'em@() has

posi tioned elow nular. rins 322 of the fle

Rt 11 ome g el Rubdf R s3] o o nR e et profeslions 3P FRER MM e o
can be twod@wirdl fRateahmllsr 15We] RehisThSaAiRy hrntiae. davRwanehy
fromthe annul ar | ower surface_of the flexible nenbrane. These-

annul ar coYEEFHTTHE ProjrctprsciZisas basigedianlt prio ieangulppeanpentiigiregessepe233 in
annul ar c &?a?hl; ' : I ni ng
ring 200 Btggl |%¢%&é€§'ﬁiw t ué'g)’?'l ngP%F%ﬂ%cglﬁ%rﬁ%{%ﬁﬁﬁ%{é%% %{ﬁn{b? gm bl e
menbr ane 3[005@f t he ’letféﬁ!iiﬁlwglembnge é@&eﬁbfs yetm'aing bieg hesembly w@h ba formed
material t l.ast i al | nbr.age to, flex un .
pressure. %ema 1éa§tt$§ 1Srreg ér1 me hl nc 313%? ﬂ%%‘hdé’r B 5t n o clastic
exenpl ary m&alloahmclddaaﬁﬁbi{&mdl @mrcxﬁ'ﬂjilfa@&ﬁataﬁali he fl exible menbrane
can incl udﬁgg rcul ar I es 31 iﬂ%h ul ar holes 312 can

e
posi ti oned heen tHE ?‘O(Ef the, ‘ﬁ‘é R oI spe ine] “Sﬁﬁng‘gﬁ holeg 3¢an

be evenly 'FM&Q]a@h@lHB@IZ%He%ﬁoﬁd&l’”ﬁ%ﬁﬁ&n@ﬁe M&%ﬁﬁl&%&o‘%b&tﬁ@ jedtidhs
The circul ar holes 312 can accommpdat e fasteners, such t's

screws, or3Xtandicamhe eveabespaceskareundiihs lower saface efkthp ﬂex%mbr@nes%et 0
the retai nélfbg]ali' thg%g?canl dg%e %ddt%@ﬂ&@tsﬁgﬂ %ﬂ%@lts Qe C(S‘l'ro?hetrlﬂgrdware

fl exi bl e menbrane retaining rin adhesi ve,
Loctite, ifr pdcanegjtherﬂcvci’véc memb:saseﬁO(IthZhe mtsdnmglaaganO sImrsems are

inserted thr h.the | es 2 he fl exi nbr ane 3 nto the
Focel vi ng PEIEEGU s8R prdvlticnsiiy Rode MTeba0s ke
ef fecti v?al adhaﬁwr&[ge,ﬂ_tdcﬂtej, Qlyl‘&dd trothe Rgegdsed 202 aﬁtgorfel-\ﬂ@ sZElfjhs aﬁ@fr?@ﬁ']eﬂn
t at ' t 324
2]9 e i np etnh?orlllg tilleohno?es 319?11 %er}ﬁaxﬂvﬁer rlngm rre]a.gg 500a tof g 1e%tralv1snlg rgce\‘/sv?es 2?2.
Thus, the flexible membrane 300 can be effectively permanently joined to the retaining

ring 200.

[0058] In some implementations, the concentric inner and outer side walls 324 of
the flexible membrane 300 can wrap around below to form a lower surface with curved
portions 328. When the flexible membrane is secured to a retaining ring 200, the curved
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.

[0059] While the retaining ring 200 is configured to retain a substrate 10 and
provide active edge process control, the carrier ring 400 provides positioning or
referencing of the carrier head to the surface of the polishing pad. In addition, the carrier

ring 400 contacts and provides lateral referencing of the retaining ring 200. The carrier
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the flexible nmenbrane 300 can wap around below to forma | ower
surface with curved portions 328. Wen the flexible nenbrane 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 bottomof the flexible
menbr ane tungvidds ognigmeddo wircimferensipinaerotnd preessiug ring 0@ nLike the

evacuation pf .the_ c er_ 35 i, 4o subst antial bul gi ng of the side
wnt 1 o apq el S ISR SRReddd ihe SRARLBY 408 cardbe Siplich o biiedt e,
than the swilleapelishing32d4. of the flexi bl e nmenbrane. The annul ar
concentric &Fﬁ] ections 326,0% 2I so_be thicker than the side walls
324. [ 0056l e t hetssbogRR 3? An-Sbocarder sigg g grreleve gn aararppper
substrate iGHWB 104 E\éh%mﬁ&tlb%@rﬁﬂﬁ&m PIOCER S ' '

ring 400 péogt\ii des rr)losi tioning or referenci ngp%?%%ﬁ@‘né&??ﬁ?@%%g B%%
e sur f acksnedth & Resessamily AQH pskhan havergthdod gartionh eloog fheiiwrer ARhQUIA00
contacts Vi I f i f Lni i ng_200.
The carri apnBERYEAERod SEERe 58 MG Gallbect Otnl SCAbTLNE Tt pifin
r et ai ni ng 432ribrt 26ftactk teeetaning riiged 00 in nst larpgr thtulthelonwe diagatel afthe 433 of

the carrier_ring 400 can be brought .i.nto contact .wth oljshi ng pad
[0060] As ATRAFIPOEE CLARE feaining A if the r Siningd g gtiosh Bl Eroingh i,
annul ar upped the @it iandeE ofihd c@r@ieﬁﬁﬁ%ﬁﬁr bd 4BOBY anAA¢H lafRr thaw the EiBstidRPEr
portion 431 can be positioned beneath a base assenb:d;z ‘10g) and can

B

have round@be§ssPls. 8himar dingreten et abetel3 inpkes denactO0anm bstrate
upper surfrage1434. e 1608 ort B Leh 1k a!:rg@esgﬁéglte%lgﬁ'gj & e{?%li;in%‘f@ﬁzlo.

portion 432 that contacts the retaining ring ust lTarger than
t he out er Hieamesed4 lofanthieslefineideyi avasticap onface Adbéxterding fagra e bogomi ng;

if the retaini.ngrlng.l t f .an.inch wd then .t i nner
di anet er osgjrﬁ.a%ee&g aé E‘?%%O%Fa? glg%l%e IIB'I% B}gg%dé%%o%\#el (ﬁ% 1 aé?eéeertﬁp ’naélﬁ atshoé’ ed
subst r at e,sufface Adaopheetingtheivertizal ghir-face449rto die lbaoiitallsBrfhdctdas The widest

300 mm (12 inogmf ?ubstrat.e. %0061 T(Pai | ower,. Porti on, 432 r@%n ave a
recess 44P% FARINGRATHPT- JF FITULed stong 2 sadial crogsseationggancoept the
defined byuppem@st édpdlof ﬁiérsfcgﬁx% shfBceLad4e MUl MG ;pamoh g2 b fLa34Hdag e
433, a horizontal surface 443 extendi ng fromthe outer diameter 440,

and a sl opddticpalonecae ades cfdhmaierdinnaterel4)and thedorisentsl sedaced431 o t he
hor i zont a'[oéﬁ%f ace gaé%PoJH?n Wles! inRdk i le%‘i@ﬁaﬁ$rﬁpfhggecg§§r44'lCf@furtgér
Ia ca e a st edge

measured al ong a ra cross section, t the upperno
of the sl ojsfined bsuaf awolad 44p 4THepobwding pameidin T82noular stepA43Sh crobavdad

it ace ad3lobnaofadtutticn Pyt oI ag R REREAERERRRERT

recess 44lwosuffatets.n®hie widest portion of the annular step 435b, as measured along a radial

{, cross section of the lower portion 432, can be at the uppermost edge of the annular step
435b.
[0063] In some implementations, as shown in FIG. 4C, the carrier ring has an
inwardly protruding step in the lower portion 432 along the inner surface 430. In other
implementations, as shown in FIG. 4E, the carrier ring has an inner surface 430 which is
not perpendicular, as represented by the dashed line in FIG. 4E, to the lower 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 from top to bottom, with the region of the inner surface
430 adjacent the lower surface 433 being inclined. The smaller inner diameter adjacent

the lower surface 433 (whether due to the bump or inclined surface) relative to higher

15



defined by an annul ar step 435b protruding outwardly. The annul ar
step 435b can have a horizontal |ower surface, a sloped surface, and
a rounded portion along the edge of the two surfaces. The w dest
portion of the annular step 435b, as nmeasured al ong a radial cross
section of the |lower portion 432, can be at the uppernost edge of the

annul ar stregousgihe ngewRtier alloms theqardareing 4o latmally mfersivo vire retinfilgRingC,

the carri rj . ] . rudi ng step,in the | ower portiagn
452 ai ong RS LRI bR W S aR ekt et Rind e
in FI G A4Ehe tdiserodngy een asithegcahées fap weaneurifgpiladmebithadibsaintd, Snnot
per pendi cul.ar, as represented by the dashed line in FIG 4E, to the

| ower sur fa§?1é1oa,§§a f’% B%fe‘g%feﬁf“é‘%/atﬁl?%@“@% PR GG TESE CARPERYERE torquing of
i |1 ustrat aBe Rthingleg Whes treirbBfing i ShQBS the AASS sl gxmgecou' d be
applicable to a two-part ring as shown in FIGS. 4C and 4D). The inner
surface 43oplawniagiens, His lowenwiriass A3 rodithet lopen portiart 4Bnhas wistalletisner egi on
of the inngys ' Pl rface 433 being

i ncl i ned. Qﬁ}%é%ynt% e?6?%5%?”%‘%3%%?%&%gh?éﬁéﬁﬁ)ﬁt%g | ower surface 433
(whet her d0@64]o t he Therprier ringicnibeattachad teckise nekablwED4t Gehbghe the

regions of the .inner surface allo he carr| ring to laterally
reference cf"\lr%lee?lmel%éﬁcﬁpﬁﬁm#ﬁogsufﬁﬁ? XL ’%‘P%F/‘P%lé@é ?‘B:irmg&%qnéat‘%ﬁ’éﬁdgenoftahe
| ocati on chbsan KCThe ebp&esdriidies 3] &ff #ietaiilr FihH 900 thHdESNnkifal M | NY,
even as the carrier rélflnz?w\é\ﬁars duri n%npOHShl ng of the substrate. In

addi ti on, TBSReE AERRIC $aew sheatha(ngt Reoviyte Beeiye fastraeisatueh ay battsng
can preventrele GHorRe haldwhRe fdrabaiil B dat g ikl 80 {ot?bz{sgﬁﬁkﬂ\'l;\gfgwﬁ! e
contacts the carrier rng. I n some II’Tp| enentations, the |lower surtace
433 of t hdwlesdd? cagphe svenlyspacer arpund gwehtrizr ringynkbr sodiedmptearentatians, thee

upper surf i 431, The r.er rin
oo e at tiois 42 S A ARRL, BO LBk 415 SR KOS T il
i s confi gus etbvioindliGr 4 e lelasetabaiongted émigel @BovartHe flatlowver wemdsx3B. t he

dge of trate 10. The.. tion 431 of th ‘ i ng 400
can i nol udSEyPPIyARESK mpiAgRBE At SUti Sooi s SRR MGhs ( not

shown) t 0 shees) v HedstRsiediSthe Sptiriace 438!0F $he u?ﬁéﬁ%ﬁbiorptﬁ 10UP@E carrier rin
hardware, .for securing the carrier ring 400 to a base assenbly 104.
The hol es 14330 ligamesat apgEprey the basecagseapbly Hft sandiars? poreaspending pin that matss

| mpl ement 3008 alidrdRnl Bt Zerdife BRL 18XL81A 0A%GH oLy Hﬁé%ré%%gnfly he

surface 433 of the recess 441. For exanple,” as shown In
hol es can@bghddocated entirely above the flat | ower surface 433.

Addi ti onal one o e akj 1 f.eat ur es. as apertures or
proj ect i or{g(ye(s hot sh{[‘)nv\n%e %@Irl\éngegﬂ%%%:‘sa%e agherpﬁgﬁﬁggasswf Eé’r%@ﬁou@g t he
Epper por tsh;my tBdport dhaﬁxlmés 42 o1l the bdst'tdmgfjdi&.‘ee as thht @m&rﬁrﬁmﬂﬂﬁﬁﬁ%}&eh t he
ase asse 104 .can have a carresponding pin that mates with the
a1 gnment Tameiey e ety o8 biedSSamr e Tor e ey 14 migs e
properly ahd §fetbs td B0 Hablidt oF HBLabiep hﬁgﬁﬂﬁ@% pd¥aBing ! MBe ERIALIE YT ddiGe400
has one or mpre through slurry transport channels 422 on the bottom

surface 4%%enp éRaC@‘FQWEﬁ the sArTIEREng. fFash shiparsnenort chanted 43heasrbedifaetat er
of the | oyg ran%g,re_t.é.oﬁﬂdfl%l?aﬁfv ko ‘%la LM ss%g‘:‘l{h{%xg% PheRAS Sl " ﬁg?ﬁxltrlr}:l to ]f_h% 6,

exterior to the interior of the carrier uring polis
channel s Axarer ring chanaglsyA28 saic belalignediwith thecretzining eng eliangels. Bacbme

slurry tr rt _channel. 422 can he fset,at, an _angl.e, e.g., 45,

el at 1 ve CHEPREept iE SanicC e GAPRAE ot ReoRhuah e Pee Fnd Hignidh 1
6, the carelellowinpghehapirbsmérRdreebito ie iﬁﬂeﬁ@ﬂﬁdhﬂeﬁinihﬁ fing 0@ Frng
ring channels. In sone enbqQdi nents, the carrier_ring channels 422 are
wi der t haﬁxfrﬁ%le#tg? ‘éﬁrﬂ?rrf@“gr‘i%ﬂ@“ﬁh p Gavepowidgh of ke 37 ks t o pass

more freelyodep the in\oaid:ns léPﬁanéi‘i%nsr,%Q:iaﬂieﬁlg%l%hg@hésg%ﬁtoggfoﬁfwiﬁg’s

the carrier ring channels 422 can have a w
[ 0066] | n $olee thapptendefrera theoneer dismsterde theonter diagrettd Gorrrllowimpshory ormire

to pass from the interior to the exterior, or from the exterior to the interior, of the carrier

16

o
i



hol es that extend.fromthe inner dianeter to the outer dianeter for
allowing slurry or air to pass fromthe interior to the exterior, or
fromthe exterior to the interior, of the carrier ring during
pol i shing. The through-holes can extend through the upper portion
431. The through holes can be evenly spaced around the carrier ring.
| n sone i ningEdingaolighag. Thféh@uahéoiéhﬁmﬁﬂﬂnﬂdlvreggh the ubperpartionds .r Ty

but not i LAl i id. .e.q., ter. froma..

cl eani ng gﬁﬁoiﬁg%]hg%ﬁg@ %@W&%}%%E? ﬁ%{ljl&% c?ﬁlee?glﬁg'oglg § edwgfsen}eﬁ%flﬂ%s’
carrier ritherewrd thrdugh hbles hetie davwarengihahorig thdvetatnih ering UTHBCRuidfe.d.he
retaining rin thus clearin he spac et n the carri.er. ring and
"ot af ni ng oo iRl iR clie SRR oD HEE AP et RSB S
both the cilliesushéd @ vitttbard Qlong thetdnter &ERE OF 18 réthifhy R0 tHub Sled QRN
hol es are aligned so that fluid wil| pass through both the carrier

ring and t¥paceRetseR;thycHTipying andgetamingfinge de pthat implenentsiions, treatign

hol es t hr j I : i A

than the (Hongh BElee B i helchfifl: AHE b0t fitnd BEiAg Rl St Aot Blles
i mpl enment e alfgned segraFfI@dHill paksrtbegbh bah de cdBier sing afid thewetainingaingh lm

Phan ©hr oughe ERRH SRRl e Bt B ol BaciEh Ard hitEhah P e ol 01
in somde i rmilddrmn:téigéﬂ tfimthett]hﬁug]ﬂnﬂés t%ﬁ%ﬁ%r&%ﬁir@\%ﬁg%ﬂﬁ g]lﬁﬁ:inid”lwﬁr di y
rotrudin ip 439 al ong_i i nner, syrface 430, ere_the |i as a

Vertical | HRSMSREATONS(F° F&ﬁbéﬂ‘%&hhﬁ%@ Arotegned @wbérpoamqumeer

edges. Theydpkak N o8l iHabsuricRndsfe fRANMB YiRg ARthENAGY b ARRAEEarS YRl i6Q£,0F
| ess than the nner dianeter of the step 432. The It p 439 can provide

a hard st dB0ed engadeturniagio PIG3A-46 npaneinplenentaionaibs eppepportiped3l
retaining g @gﬁﬁ- : i El£3 1 t he
carrier ricﬁg@%%&gﬁgkﬁgz o?ﬁggﬁﬁgg%ﬁhggglﬁ%ﬁs}@%ﬁ aég%glr?éﬁéalrlﬁﬁs a

i nwar dl y predicaliginergvall sd4a@onded pogimme alobd s uppephehieneatdgensTheasotslunwn

by FIG 4H ' f f th i i 400. has bpt h
Choar di y BIRP da AE o 2 aen ot Bt 48 Bmir iRy sEbe PR
surface t Hete ips439nah proetieiliardstd 3o dngags thelip QBT toopréwpt ovdd@&ision of tee

i npl enent ati pns, .sh in FIG 4C the upper portion 431 and the
| ower  por CPBHIDEEA0 B Semp EIPTFHHEPTArS SO FIGHHG BF efipier ting 400

mat eri al s.indiliges®HBRES inBRddi ifikr 43tace 3Rd RInfWAF P HrotfudRe R8T & sdulaithdr S
nore rigid than the | ower portion 432. The rigid nagerlal can be a

metal , e. gmplesteatalipes gs shazal by 6 JHdde inwer Bulagg efithaearyietoingt 0 denbotl
e.g., alum - L i i 2
can be fO?%QﬁwgﬁﬁgﬂﬁgﬁéﬁgﬁﬁﬂﬁﬂﬁcﬁWﬁﬁﬁﬁﬁgﬁﬁig?%§ﬁﬁﬁ§¥$ﬁ?ﬁQéh%ﬁﬁwfﬁ
process, sucdnedsuavapdlzditonchotengto,topol yet her et her ket one (PEEK), carbon
fi-rll ed PE efl on filled PE ol yam dim d_ ( PAl or _.a osite
rhter i al - DBENG] wiokh E4ES EReTBoEIogRand 4 Hie) 96 BE hhver ForBn ST RiEe
are j oi nedowkimriigip432 lld aefer@ingtaiemh e difiaeitinglerthd THe wWpp&i dortned
adj acent tg the | gwer surface of the upper portion 431. The two . .
portions d¢eh&raPs Prmsd et @ metkrihntis mpres 1eid diandheiiopehpqrban 434 Thealigid
material can be a metal, e.g., stainless steel, molybdernum, 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.,
polyetheretherketone (PEEK), carbon filled PEEK, Teflon® filled PEEK, polyamidimid
(PAI), or a composite material.
[0069] When the two portions 431, 432 of the carrier ring are joined, the upper
surface of the lower portion 432 is positioned adjacent to the lower surface of the upper

portion 431. The two portions generally have substantially the same dimensions at the
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i nner and outer dianmeters on their adjacent surfaces such that the
two portions 431, 432 forma flush surface where the two portions
431, 432 neet when they are joined. The two annul ar portions can be
attached with a bondi ng | ayer 436 between their adjacent surfaces.

[ 0070] The | ower portion 432 can have a step feature 438. The step

f eat ure 438ngran{evtes dirpretargon thyirfadipeant hefacesmarch that thie o #82iohnd ., 432
corresponding .recess 437, n the u r It} 431. The sten.feature
238 1s”an A BEESRE0E el b Bt OB R P e MR R R e
ring 400. dinelasbepioheainbeattddRdextenistmdingiaealis barwsanxhsio ndjizent al
portion of tPe | ower ring 432. The step feature 438 shares the inner
di aneter WSt the lower ring's horizontal portion. The recess 437
in the uppgiyeor ti oKL weLsdreSPAII SN hAvd 1 \8ehetiird £731 Uthe sﬂ:ﬁ%auﬁ@ 43dat
when the |ower” portion 432 and upper portion 431 are brought

t oget her, phiEctstvepicalbnfigmehe Baver perion ABdinfhe cqreesperslinggpeass 43hia thipper
portion 43 . . : i : a
Vorti cal 1 RS Db oEr T Al tEHR £ b R WP, B LB

t he step 438heé sarried yngdOQ Hitheistepdeatae 43 exdendsfuptviaelly frowra horiagntdtidrieond

is not at t ut er. di r. That i he carrier.ri 400 have
no other sPige St op AL SiRteR LA e P atneg fiakieRf nal o M av e
438 and r efgsshéEonail B@ﬂﬁ@p.i Thefecels ABRirethe @bper POItiGAHUB1 Edrrdshbiidts td the SRPE
i npl enentations, the bonding |ayer 436 may extend to the surface of

the step 4B8treA38heo thetwhep U oviw periondas Apdrpper pPRjtion Ak e SFUEH f or ce

gener at ed i t i, Ik n
%%(E)thﬂ-?tnhg@léeg fb r elfhfastfi?seinﬁ%é ieelss 4248 gf&ié Apbet pbRidp39N The recess

hori zont al er. In carrier ring 400, the step feature 438
transfers 4¥ecwn hbhve ¢borizoninl vpprysedase vad & vertical dmnet well Wathci noyndedypertion3 6

along the yertical,.l r. wal f e [ .
of shear f i(;nr C éneﬁ %P%:egl %%r?aélg S |’\$IJ<13e s?e r%:sle% 'd ﬁrtﬂ? Htetﬁlg gntﬁlgf %aé?%/%g@%éoé&e?g g% ?é%
t he |i kel i habd nof at ded @ngrniddrheier. Ghat inahd eantber rimprd00 amay4@d2e Ho oibned dtap and

upper portion 431.that can_occ in carrier.rings w t. a ste
D ur B Ap@Espoting tatsss Haren dthes i e e e A e Sorghmster
of the car bf@é cartiBorine! misbme iﬂn?lehféﬁtaﬁ&lsi, B bRy &S 36 heayCekidnd €6 thei Ng

is pressed down a%al nst the polishing pad is transferred fromthe
| oner por t Pafcagbihe stepds pute repess Hd of hsesartisbFiigon 431. 1 n additi on,

the verti C@O‘?il]n ner vldyy RQVidiestad cﬁfiﬁ%ﬁ%tio?%@ e Grr A ﬁﬂgfe%rtstf&%e on a

bondi ng | ayer 436 because of“"the increase of surface area in the

i nt er f ace. haifwentahboelinglepeti figcariearing 409, the digp &aturt1438 irinslirhghodr fofce
del ami nati gn_of the.l r tion. 432 fr, h 1§ [t .
Far ther ¢ HE° BomRIFRG aye st SR Aren X Mba ORI s
stress res@atureig3d. rihe tronefee of shear fovdk i@ xq@aprsisie fhet ve die buatiag ilar 436

t he upper portion 43 e arigid terial suc stai nl ess .
ool S Ponabedhigsdi el d Pedei St tiphe R adhorah 492 Tom PHalbos By

more conpl yanihaBh ek in SMeRr AndsEFhicuPaReSfchfne. A196) (2 laferd @6Res produced
i npl enentations, e.g., shown in FIGS. 4E, 4G and 4H, the upper

porti on 43by thedorigentplongtionnsiths eatrierzmgaelaivedo thernolishing pahasiappariigaing

singl e unit, gad i ) i R thE B SHortidn32 §3Hh

be forned E)sf a ?r%?geﬁ %‘Iﬁfﬁgﬁé}ﬁ%%@r%%g%§%ﬁert fhn%% % prnocess, ©

such as a phssifite, uppegpartipod3ilethedditibe thetepial PREEKY!] posideon gieihtet ed

PEEK, Teflon(y) filled PEE ol idimd (BM., or a.copposite

et er i al | PO iR T8 o eoninelY A0 Prere st tordn Pr SRR e o e

ci rcunf er endtérBlcky The!lak BEnding area also reduces the likelihood of delamination of the
lower portion 432 from the upper portion 431. Further, the bonding layer 436 along the

vertical inner wall absorbs stress resulting from uneven thermal expansion between

material in the upper portion 431 (e.g., a rigid material such as stainless steel) and
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the edge of a ;ubstrate-lo to retain the substrate, a flexible
menbrane 500 provides a surface 512 to nmount the substrate 10. FIG 5
shows a partial cross-sectional view of a flexible nmenbrane 500,
where only one-half of the cross section of the generally symetric
fl exible menbrane is shown. [0074] As shown in FIG5, the flexible
menbr ane S@étedalrin lewer pretien 432 (p.of, ladess migidnorpoore campliEehd matediabsuchat er
annul ar p | ...Jhe main portion 510 provides a
substrategﬁﬁﬁgp?ﬁéggﬁ%face 512. The outer portion 520 extends from
the outer [@d72 of t Ha somé implementations1g., FHaem|it FUESIAE, betang eH, HaQpp®Ri N
portion 510 and the outer annul ar_portion 520 can have a peri pheral
Bdge. hi ngePSaE SHlchra i avisr B PaAELst e g PIe OFPRBbY SngRent HRgE o0
al ong the @etahe WaleliaD f THeRBIAY B icRAARY LR beRBFt ddVF aﬁganriaTlﬂﬁiio%% i pheral
edge hinge 530 can have rounded portions along its I nner and outer

surfaces. chmiqellyiinseing CME geockssneishs3e phsiir, eige palyaticrstherlstae {PBEIK),
0 ! h . . sty i Syt
on the perEbried s ek TERNRD A PIRRRGN el P TR P EAGHATS

520 can hd@e73n annuWhile the ceisiaing2hgM00 mconfigured teedircnalfdrentistily Glrrosd

configured,to,all.ow the opyter annul a rtion, 520 to fl The, outer
annul ar pdPt FHEY qoffﬁu}t&%ﬁtea#btst(? I T&\?BH%W%EQ%E% @ xkb?eelﬁe@gﬁnf)%q PRdCRy?
i nwardly auefage § 12%0imuiat thedlbsirath®. FN6W dbws h pRrtialdofktaRci@MByiew of a
non- hori zont upper _.and | ower surfaces. [0076]In

P

I (i.e., sloping)
sone i npl I preipiine S Yhea% pHy nrkabp bt cIpDSee R Pibe ssEvdYal
afinul ar 1 308net D ReBle MmdHhdd8 siRh, can have four concentric annul ar
fllaps 516. "The outer annular_portion 520 can have a pair of annul ar
fl aps 526.[04F4 annul@ﬁrshﬂWaptngzé,@eﬂn@bteenbmlumdﬁownéavmbmly flat
portion 520.. | i : L.Ng . [ W th
7 hi ok r ey g Ao dutE beBhh PP RILE fun e PONRE 51 DHR e 0
t o a base sabsmibinpudifid suMBcesHidwThe pufet fortibn S2hextendp domathe vhitar edgk @Pthe

can have a hori zont rtio Lch is narrower (i.e€ does no

cxtend s AR ePARRPy 5 e e bbeFihmsbe Bimiption T1P 254 the/polg piiar

enmbodi ne nt;&)lﬁdmomdhfhﬁveﬁd\ﬁﬁﬂpﬁérapéﬁgb hiye 530 akBdh AR AReRFNY) 188ated
e horizontal portions 540 of the pair of

triangul ar portion, and C )

annul ar f138p¥e @ng%ﬁﬂé{‘)égH??é&lﬁ%'d”aﬂld’ff}k?é’“&ﬁtaé?u@rﬂﬁ’ﬁl%ﬂﬁor P oerinhonl

through thggyginkk mcmhaw?oﬁasw%@fﬁoﬁsw Gtlifer B St bura QR 7 thd e

I nnernost concentric annular flap 516 connected to the maln portion
peripheral edge hinge 530 and the annular recess 532 can be configured to be compliant,

improving the symmetry of loading on the periphery of the substrate 10.
[0075] The outer annular 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 anmular step 524 can have non-horizontal (i.e., sloping) upper and lower
surfaces.
[0076] 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
connected to the outer annular portion 520 can have a horizontal portion 540 extending
mwardly with a thick rim 550. The thick rims 550 can be configured to be secured to a
base assembly 104. As shown in FIG. 5, the upper annular flap can have a horizontal

portion which is narrower (i.e., does not extend as far inwardly) than the lower annular
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510 can include a horizontal portion extending outwardly with a thick
rim which can be configured to be secured to a base assenbly 104,
and an annul ar angl ed portion 560. The annul ar angled portion 560 can
be joi ned between the nmain portion 510 and the horizontal portion of
the annular flap 516. The annul ar angl ed portion 560 can have a

| ar ger r adiaps Iasorn¢ smpafdiments,ghevvittr anhelanmportiops2Q danrhabd h drnalar aianplsr
juncture with the horizontal portion..l0078]The thgee t er nost
concent r i ¢Sk FEd E‘F’ @8 on%ai 8 0%8% gjéjq]%f&[‘? Bt ﬁﬁ?ﬂ? rs% Riik gnli)‘f?n&%ﬁlied
include a tveleldutalanfalbd poetiorbTXD tBrcugh tHeR@rifce OO thd Snritir Aidd@ it HotiSH.0,

and a hori ﬁ&n al porh,@i on extending fromthe vertical portion 570 with
a thick rill%long t Hidedyiearost gepeentric apaulidiapd Acammesis to e majmpertor an

be confi guedat thchfle _%%Héﬁﬁaltp%ﬁﬁmtﬁ%ﬁeﬁ?ﬁg%ﬁ%&ﬂy W32 thidk §i{ﬂg$vl¥cihacgn gi 5

enbodi nents, the horizontal portion o concehtric annu
can have a&opfigip@io herfeowad i bdsaassembInidr dndan apoulad angled portivh 56Ae The

concentri u f « 1 Dy ions, the co nd
Chird out ariagy fisdadifon 100 A8 E i GRS BBR ol S1B7RT g Mfconca
Ibe ngt h of g&mﬂﬁdniafnh@hnqnhlr tghp) 6id. ?\T Heemngtilar m'fgletlg)éoh'ﬂichgﬂ 06;)%@11 hin@ra 1Brfer radius

Dot e ARl e i o316 A% st SO0 AT orion

i ndent at i qomsgr not cieShitd oRenmARcRABEHHSENTURSE BRI 516/ 0RARERAND keSnain
annul ar flap 516 can have a notch 580 at the juncture between its

hor i zont alPoFéL rranirslydes wpeicel ration @t exmdimdionTe mrde portisB ol G and a
al I ow the H&B??ﬁﬁ’l’ﬂoﬂiorp@&éddﬂ@ Rfm {H&%er B?@#ﬁ%@gﬁ%i%%ﬂ%ﬁﬁgﬁg%%@&r

flex vertically. "A concentric annul a
at its juredgeipetheiohzanie poion, wioich conbescbfigitae toteet eburd@® aclzase besembly

configure o.feduce conpressi ons.in ihe.mai ortion 510. [0 I n
anot her aglp()%bt[n %FH? %Iré&l) ﬁv%rﬁ ’ﬁ%en,mggmg‘f]%%mf ?#naﬁ% cenf,m %m(?g'f ﬂ%%gfgﬁg(]eaﬁd
for CVP cdnave ashulle thichasethas tevetticallibdtiorad70e0ikd dhcdrtdh @drhulg flap. NG

200 positioned beneath the base assenbly 104 and conpfigured to
i T cunt er SATEAPPFTETI GH RO SRR T51 G PO A BEFTYeF RARSI 51 £

subst r at €,hage b kdi®lofllé:E & R riFBAEN RBEonte Qerzpdr’rtical freM S8 RavaRRYbR!
chanber 350 positioned beneath the base assenbly 104 and above the

annul ar r earid h8 soPhas 2ot 1.86.carrier ring 400 circunferentially
surroundi Ngojdie ! e! ah BR0inthifeifns AchfuBERANEA of SRR BRI AFe
er e

500 providing“a substrate-nmounting surface, efn the volu
creat ed bentwéationher frddes fiss enbhyuldOdceas)d A dvacsddomohufar 8xp bl Gecan have a

nb 500, f i izabl e.ch s. [0081] The .
o7 ossur | 24t Ay dnlef S5kt APh GBSy e almion P18 B
nmenbrane S{fcht 330tdar altens ehedmsiestithpoitith ofithdconcdittic &lriutay flap 5TOMARRL ri C

clanp rings. . The chanmbers can be configured to be successively
nar r ower , Vhe CPF‘H?E?W@%‘BE‘}%Poﬁp %ﬂf‘f?ea e 058 its BRaRrevith thse

second outRsiARekicaAIDTHe nd¥Bh S40 éad RRGAR @lrbd tod6duch 86npPsidA in the main
peri pheral edge hinge 530, is narrowmy configured to provide better

edge cont rsrtiegudlilag pol i shing of the substrate.
[0080] 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 beneath
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
annular chamber 350 positioned beneath the base assembly 104 and above the annular
retaining ring 200, a carrier ring 400 circumferentially surrounding the retaining ring 200,

and a second flexible membrane 500 providing a substrate-mounting surface, wherein the

20



[ 0082] Each chanber can be fluidly coupled by passages (not shown)
t hrough the base assenbly 104 and housing 102 to an associ at ed
pressure source, such as a punp or pressure or vacuumline. There can
be one passage for the annul ar chanber 350 of the first flexible
menbr ane 300, one passage for the |oading chanber 108, and one
passage f omlusctrenéd bitwesi the paessuenibhabldeandhizndeessl fgibiespmbhac base

f,l exi bl e menbrane 500, for a total of

assenbl y 4 and the second
ei ght paslfgﬁlé”lxwésuﬁlrze@fj%nﬂ)%ssages fromthe base assenbly 104 can

be |inked [0081passagdhe presiurRable dhdniterslédd bB Yortle@bly Rl Jisdihe Gedohdt
ext ends |2fﬁ?‘c§ t he_ | oadi ng)thhanber 108 or outside the carrier head

100. Pres SFBRragF S8R Ehe hatrgesemblint4t widh 2 plaalitagfsonesatiinclame
associ ate oEN¢haltlh (glf%g [ ' Eﬁﬂp

500 on t hgms%ﬁbst rate E;OSQ%%E% ° f%égg%%g%ﬁgive%gﬁﬁ%ﬁ hﬁheﬂil bRt
permits dichfwbarie ﬂﬁrcélmpgs&h@mbﬁem@ﬁﬁcnwoutmsif dhembert whizttiispartiglyi ons
of the su I her eb 0 a

non- uni fo%?%egj‘lt | stﬁgh%&glg aggél emlg%dséptfsgﬁng‘f"ﬁ’ ”B]? E(L#Dé%%‘ﬂg? hggter edge
retai ni ng contng d2fifg palishivg ofalid sdstradependent |y of the pressure in the
chanbers j.ned by th rane. 5 Si anber 350, nd t he
pressure gﬁ(wlzﬂe car r#”%&’ ﬁq’sﬁg“ﬁﬁ Egﬂ dhlﬁé qp%}qﬁga PRespaRsi (e %W{l)rfér"“gh
pressur es thybdshesseabBi 104REd hbiehg20 t@aﬂassaclatb@pféka%@foﬁ&edﬁich @Egpmip

t he nenbrane 500 using the | gading chanber 108. 83] A number of

embodi nentds PEFSHHR Yashun Angg Thare gardmnefmsgse for mabmémmémﬂoanfeso@@me
thie carri %fr R4 0 1%9936(?%n§ ﬁéﬁ?{]éq iotlhﬁq %Q@S 908 onBassage

descri bed a ove, can in t e ca r|er
[ 0084] Genderdatly of thiy elxmwsur@abh@é@inbeam bétwetihthe besrassenddy wélm:dshmcd:ﬂZ

connect ed d configured to be sec to a
drive s hatf{ glbiIEh eelgglr%% g‘?é & aoﬁﬂta; fleﬁéﬁ%é’%%f?%ed g&nf: s glofﬁaﬁa@?aigaﬁ %be base
al um num aEﬁElﬁly 04 @an (berllimgai tb@amgﬁ lih tHe. holdifg CEX st 1}%}:11?1113 ﬂﬂm@ﬁa’c@\lﬁ{teﬁﬁbﬁ‘
carrier C a do sure, to olishin n
some enbod?%ﬁﬁgloaﬁﬁg CB%JRME%B wlids e CaEsis hesd 159 R, efdhing
400 is gr @BkiRberiddihd ﬁ?ce%)ﬁﬁé’%ﬁ&@ﬁﬁ%&%@ s@gt’ﬁmnt @ﬁh@mamforﬁ&{ %Wf%

ring 200. The carrier ring 4 can be forned a nore ri

mat eri al faihlemembrape5¢f Wgﬂlﬁ ﬁﬁ‘hjt@‘@do fra@évallmdengldentlx mtr@bwc? i Biis parmigs
th
) 0 6 L RSB S

retaining ring arrrer rin
process r e@sldhing, therebyapmpendating for hel—pmlforsmcrhghlpg uftésl én admﬁdm:; the

ach 11 ng o060 e EaMiEHRoHD R e R petpathli AR Ry P80 AR have

sl ots or thamhghddfined by tmnembhaﬁaasmsmg dhhﬁb&aﬁb%dhh@ﬁ‘ésslufb dﬂ te 1,
tﬂat extend fromthe |rﬁeer .S a.ce 231 to the outer ,surface 238 of
e retai GFHG P?%%J%é gl ‘i’e "'F@) P BTSSWS PdasTefaiRg fing 2Phingin gie

to the extRihis dafneabgometlh@n&éﬁ@sooqrmﬂg%é RedihptRmRE 108f the ring.
These slots can allgn with slots in the carrief head 100 and can

provide alff83hs to bex efessrbogdingnts ofitheretainiag 1ing 200, first flexible
membrane 300, the carrier ring 400, and the second flexible membrane 500, as deseribed

above, can be implemented in the carrier head.

[0084] 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
cazrier ring 400 of the carrier head can apply a downward pressure to a polishing pad. In
some embodiments, 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
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interior of the retai ni?lg ring 200. [0086]In sone inplenentations,

havi ng notches 580, 590 in a concentric annular flap 516 of the
second fl exi bl e menbrane 500 can i nprove polishing uniformty. A
potenti al advantage of notches is to inprove polishing uniformty
when there is unequal pressure in adjacent chanbers. Specifically,
when t her dofeed giaquert rigidmsigrial than thelfdaining riop 2fheesltingie ther@ysuriagi n

t he high SUr, S . howv t eparating f.lap . in th

[ ow pr ssor 2 ars EIRPREC obEMSLRNS. ShcSARRT BEE Rl 8 nt oty o
regi ons ofthe capierassgy 300 dan bt eristetb adjpstrprdess Baisaly patailad the pbhshing
separating flap, yesulting.in a ni nf.ended pressure distribution and
non- uni f O?RW@SPP&% Sstraig fheraen %ﬁg\%ﬁf?fg%&ﬁwgﬁﬁ@gﬁd andpeessyiR it $a5h
bet ween t hgngrain portion 510 and a vertical portion 570 makes the

annul ar fIaB 516 nore flexible at the juncture. This reduces
conpressi dA%%3H t he Aasempenbrdmenschevstiningang Peheandnus slaiger thyough

unequal pr u : i I_Ng: IS i Lt 90

can e agaorauadnF 67 the RN R R0 Bk Wkl o ties SyPRL ST &)

t he pressuheoitsr wnfagri2d8 ¢fithadiacepting 2ekkurilowap flaidih patscien the ihtetidr

sides of the concentri.c _apnul ar. fl S516. Further e, t ches 580

500" can baSHECTT Dt SRR R SHerig P 2 TP5ripn b8 P gl et wit

transmit t estbot§ frodie sdrribeigeat 100 andEantgievify £msasitd dabiceebamiersidharugh
16 to the main portion 510 so as to

the concentri,c afgﬁul ar, ,flapﬁé

reduce conPiPBSSPIIASTEHUPREERIE portion 510. [0087] A nunber of
embodi ment@ogd) the inyent m;slelaamaiobl_@,%vﬁg%fch@seﬁo, Eﬁyﬁratéaﬁ&e% aninhlar
wi Il be understood that various nodifications may be nade w thout
depart i ng fapcritohdesgeandrilexiide memprane 04 ¢ra iingxeye piobshingranifoaxinph e,
several of ' : . .second, {1 exi bl e
oo ane. CARavR A AR mp Bl i by SR Ry o
vertical poessivenin bdi@cent chaateirs i Spacificadlyclizen thery ibeneqhad padsede imadjdvent

angl ed por ERSRFEEDs PIRAY Iy P e S bR s P b rear g o e
ggg andf a thé IovbHEssuACEHRfiBEN dhe bodkhest tﬁe@?{ﬁ% g QARYeadlte réfgidnb on the
pe of the following clains. VWHAT IS CLAIMED I'S: 1. A flexible

menbr ane, CHRPEFSFIOR ARythe main portion 510 adjacent to the separating flap, resulting in an
unintended pressure distribution and non-uniform polishing. However, having a notch
590 at the junction between the main portion 510 and a vertical portion 570 makes the
annular flap 516 more flexible at the juncture. This reduces compression in the main
portion 510 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 anmular 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.
[0087] A number of embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. For example, several of the
concentric annular flaps 216 of the second flexible membrane can have an annular angled

portion 560 instead of an annular vertical portion 570. In addition, notches may be

22



a main portion with a | ower surface to provide a substrate-nounting
surface; and an outer annular portion extending froman outer edge of
the main portion; wherein a juncture between the main portion
and the outer annular portion conprises a peripheral edge hinge, a
first annul ar recess above the hinge along the outer wall of the

out er annulogatepirthe onddlanti verged portion A7 lzba jumemeswitlatheagnelaeangletier

wal | above froomthe . first annul recess e
peripheralW%ﬂ%%§ﬁ?§g%tﬁ%ﬁ#%%ﬁ%%ﬁ%ﬁgﬁjpﬁﬁ%Fﬂéﬁ "83@8Pn§ﬂPP£§g£ and
conf i gur edAtardiaglgostiuriimplementitiodsuge itk thé opeobhafdlodfingdlain 1,
wherein the outer annul ar portion conprises an annul ar step

protruding inwardly along its inner wall, the annular step having
non- hori zontal upper and | ower surfaces. 3. The flexible nmenbrane of
claim1l1, further conprising: two annul ar flaps connected to the

outer annular portion to divide a volune above the main portion into
a plurality of chanbers when the flexible nmenbrane is secured to a
carrier head. 4. The flexible nmenbrane of claim1, further

conpri si ng: a plurality of concentric annular flaps connected
to the main portion to divide a volunme above the main portion into a
plurality of chanbers when the flexible nenbrane is secured to a
carrier head.
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WHAT IS CLAIMED IS:

1. A flexible membrane, comprising:
a main portion with a lower surface to provide a substrate-mounting surface; and
an outer annular portion extending from an outer edge of the main portion;
wherein a juncture between the main portion and the outer annular portion
comprises a peripheral edge hinge, a first annular recess above the hinge along the outer
wall of the outer annular portion, and a second annular recess along the outer wall above
and spaced apart from the first annular recess, the peripheral edge hinge having rounded

inner and outer surfaces and configured to be compliant.

2. The flexible membrane of claim 1, wherein the outer annular portion comprises
an annular step protruding inwardly along its inner wall, the annular step having non-

horizontal upper and lower surfaces.

3. The flexible membrane of claim 1, further comprising:
two annular flaps connected to the outer annular portion to divide a volume above
the main portion into a plurality of chambers when the flexible membrane is secured to a

carrier head.

4. The flexible membrane of claim 1, further comprising:
a plurality of concentric annular flaps connected to the main portion to divide a
volume above the main portion into a plurality of chambers when the flexible membrane

is secured to a carrier head.
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