"Fl exi bl e Menbrane for Carrier 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 nechani cal

pol i shing. [0002] An i ntegrated circuit is typi cally formed on a

substrate by the sequent 6 |t|on of ucti em conducti ve
or insulative layers on Fal%y f{ﬁﬁ edéli%l ﬁpﬂ ation step
I nvol ves depositing a filler |ayer over a non- pl anar surface, and

pl anarizing the filler layer unti IBA(DIQGRQ)mjmbanar surface i s exposed.
For exanpl conductive filler |ayer can be deposited on

patt er ned Eoﬁgﬁl at i vel igippntioy 1F1F"13F g@nﬁéallty e pleceisal grechiliead Pﬂlﬂﬁhtﬂgé’f
i nsul at i veghayfes, addv@ofd ﬂah‘i’dulér@%& b chiSie llfh%g f&ﬁj b ﬁﬂﬁ@ n'I'&tl blecilRaf 2 tsﬁd

pattern of the insulative |ayef Is expose Ter planari za I on,
portions apolishidgconduct i ve | ayer remai n| ng bet ween the rai sed pattern

of the ins ive | nes t

conducti ve wb@%]hs befw \Allgglﬁggt? ;ﬁgﬂ M#C%ﬁ @P Oém%AnOI%?‘neub§ﬁat§tb§aqees.‘°‘q‘}eﬁual
addi ti on, cﬂrlpan’ami aixtanductive, eedaadudtioe ﬁf m@ﬂ&ﬁ%ﬁaﬁdﬂﬁoﬁw St sroduBstae. fawee
for photol' pO|IShI ng (C\VP) is

hogr aphy. chani cal
one accept f}“‘i?glt’ﬂgfagb‘?‘kg‘feaﬁgm%% ?ﬂle“ RFTOVET 4t Plasarsurassetifod
typically pigauzing$hd Hndr 148 ustIned Rt m&@sﬁ%easee;pegbda%%iah&ﬁe Qr
i il
pol i shi ng head of a CWVP appar at us. e exposed surface of

subst rat e §o8dyAtiye Senlgusnran ba denssiind ong mfrﬂeﬁ ilﬁglatwelay‘praa ﬁdirthmanphes
pad. The pahighi '11{‘ e@ﬁs@lzﬁﬁ@l Er. et er Ety 199@3%?1131@9 i1 ifle raised pattern of

fi xed- abrasi ve pa A standard pa a dura rou ene
wher eas a the josulatie lagénieexmeed atﬁqn)taasmzaaomahet patiess drfelhe:bmducmve layer

cont ai nnen [rjer hea rQVi troll Ie
She. auber repRitigtiend B FELILRLaOSR ReRE ML BT Byaa0i Qap Bt

has a r et girovidg corndngmwadh teteds thih €18 viadifs ah ¢hd subptAC eIndiuﬂﬂnag
pol i shi ng.

poli shi ng BB ng Lioud, such 5 2 Sl el ng ot 238: :

the surfaceoss] the @Hemsdl dcacbal IWMARYCMP) 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 2 slurry, 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
1



[ 0004] On one aspect, a retaining ring assenbly is described. The
retaining ring assenbly has a flexible nmenbrane shaped to provide 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 sid . ann G G, L] Lngehor.izontal |y .from
the top eqgiisrREiE bR R bR § LR ey e
surface, adge ofmosuhsinaié ar retaimibe stbsirate pr lojrver fiirfans canficaredita gordsspawar dl y

fromthe anpyl.ar | ower surface. The nnul ar retaining ring has an
nner sur PALSHRER R P SRS SEE P RO SPRY SLRF BRI EHESIBEE of a
substr at e ghfuli@ippeNsirfite STRSAnhAlL cordedtA¥BFoj UbAATEhC A HIE HeBBrdn® are
contact a polishi nga ad, an annul ar upper surface, and two annul ar

concent ri GiZe@ELE5ia® the amdarsapaenilc regepies of heraewar rypininging. ar
concent 1 Gogysp] €Ct | @Siclentsind drtid s dheiBR B AR e B AR diGnd 11 T L0
t he annul ar concentri¢ recesses of the annufar retaining ring.

[ 0005] | nplieheritg features. dFhetdopcanfricaintdrand netyr $idewalthoofdixeflexiblearembedet he
followi ng features. The .concentri ¢ jnner and outer side |Is.of the
fPexi b o mANaPRE e PRuGE  STPYng SelsPY PG uBRE APl snledseatdfs it
annul ar suhkasulaf conbatfietimb Bhdithe bhmgar chhenB Y WbidktidHe OE 2R Tekdld | B
and the annular concentric projections,of the flexible nmenbrane may

be thi cker™{HAANY R Phidkerthan Bigiwer andrteiaidesvallsn dhe apanla dovawartace
surface Ofortiiaichti inblurdie ol aGe ABMrANRY 6f Grcllatitbd, blekfirofilaf il A"

hol es, each circular hol e poSitioned between the annul ar

concent r i @opepasidiefwres thatvarainalgr enepvke giojectiperaxtandingrdonnwerdiniien
surface. t al,ni Ng. ki N ve a
pl urali ty%e“?%?in rrear T éﬁéé@?ﬂrgg%%ggﬁcl%nog#l ¢a lnﬁll&lgn%n%%f)% ti*oned
bet ween t tphutlity ofinylindaicalcecesent aaclc cylinddsd escessaldsviohatbbetheenfthewid| e
menbrane to he secured to the. retaij n:ff[]gﬁ’ﬁl ng Y)vith fastenecﬁs. The, .
f1exible PLRBCHRIC 1585t AlRng e florible mEmbiane tp bemsgeq fadhpefining
menbr ane iy With fageneeé Dhe Adkildk BRinbeand g Ue@lamped €z 861i6i Heh€OTR The
annular retaining rin have an annu] ar | ower portjon, an annul ar

upper por tiegiple I&ﬁ'&b@ngé}%i}{’ﬁ@Wé’fﬂ‘b@ﬁ%@éﬁmﬁ% Yphpeysibgage] Shpsonular
portions. r@?ﬁh@lﬂiﬁ by hV0Rh aRid 180erHorfi e af SRR huBfer o bn Y flave a

plurality of grooves.” The annular upper portion o retaining ring
may have dandingldyar bativeerstbe npper ped lsweeportions. dide anwierleiver pdrdoraofiiid ar

lip has a L r £ erdt urfa and.a
non- hor i o aRaldihay Bi¥Ele LRGP e i A BB it ARy
r et ai ni ng ringmgayriaye hawenidarl lipwdsngdBouted surfice f wlneeia e anuldppehasannul ar
surf ace, erein.the | ower annul.ar surface i.s w der, than the er

annul ar s OPFEREEL IPONOTTRTE> ANBRREICIEE SUEES 2 AaPHGr AR Rger egttice. The
descri bed.andblgr EpkPhdHing of the S:taifitk HAE naFhadd\ vk afiduld sBEyden8d 8upper
i nner surface configured to circunferentially surround the edge of a

subst r at e anBulptugface, heredn, the dovigrannylan syyfase is yrides dhandhmpnpgtanagler o
contact agp@ldeshing pad, an annular upper surface, two annul ar
concentric recesses in the annul ar upper surface, and a plurality of
cyl i ndri cd00U6¢cessedn amdledn aspect, adetainmig ringgedssciplegi {Tiho meteiningring éxchidee
two annul ar. _concentri c.recesses. [ 0007 enent ati ons,of the
vent  on SRS BiRR R St PO s R B TR Rl PR et HRe g e
annul ar rigfig stitgsyrateay eetain tedwubkitate, b Qyvedr spdlidel c@Bfigdrbditol dd@tabiOalishing

pad, an annular upper surface, two annular concentric recesses in the annular upper

surface, and a plurality of cylindrica] recesses, each cylindrical recess positioned between
the two annular concentric recesses.
[6907] 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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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 may be joined to the |ower portion, e.g., by a
bondi ng |l ayer. The annul ar | ower portion rmay have a projection

ext endi ng | r i ecess 1n the er. portion,. and.the
proj ect i onéul;lrritxatage %%((f%naéﬁglﬁg%e['] ﬁ%l%?%nét ?] the P Srcsé”ﬂ%?e’ EI‘WEHPP Elipé’m?%ad‘%rl?‘ﬁa.
The upper potitn may baforined bAdidferent inateridifent dwaipppofdrii@ima@be RMRA to the
annul ar s facergf the retaining rin e, W der than an upper

my r .
annul ar sUPPEEROTBeN €1 b BOPAmEdeer-n e apular st patien may PIREEFIiRTe
a plural i tak@dingrieeveprRidanfibReetd AR diPer SHIEEN, 84d IR GRoiLQiod M EkRhd

surface. An outer surface of the retaining ring nmay haveé an annul ar
lip. The o#ieng the innepsusfape pithe redainige ringntht upnsnBertisy ey de hamdgr thasthoped

upper _sur fRegr nokigy. Ol tl(?\kersd‘ﬂﬁlﬂlgﬁcsea i fe&%ﬁﬁ%@?g EQ? ¥ whdls gﬁﬁ%ﬁ%ﬁry

lip. The inner” surtace may I nclude a regio I's"tapere
from bot t crmntlar swince pHBO 3thiningmioigh dihe &sre strfaca nfdydndlidec prentityasfe f or

applying a_load to retaining ring is described. The flexi.ble
monby ane et g skadnk BP P BRet el @ SREF H0RGe Alrlr FRs Frang
an annul arrechefhefig manhateain LOTaER.r Tie anhiler e divit Rekbaelbabl ¥
fromthe top.edge of tHe i nner, and_outer side walls, an_annul ar | ower

g
surface colfitt @ ALPRCASPRY FBTHE IThe JHE: TREoumAY Parecedrdefvp the annular
pr oj ect i ong,, exleqnch @&féifé‘fﬁﬁﬁqﬁa{l&’e 4 FeRIPh 1R i AR B R FroR WokBfh 8o fop, |

[ Q009] | npl enent ations of the invention may include one or nore of

f 6l | owi ng P8} ur es. Irarothesseeast eiftexibiaembrane fonepnlyiog ddoaddbagetaipinghe
flexible : j i l,0 h

annul ar 1 Qs CARHERY TIEEGHE KRRLRAE HRids: ekl e ot Mo paps
concent r i dopnmyedtanansulaf chatnber, herildricenareinio nawseexatemydingdhotiboredbr frdoh dre

the i nner ,and,out.er .side |]1s...The,annul a ower surface of the .
oxt bl'e BREIt The RoaGrd Bt st PEuS el LY diCeriitactags [ sice
circul ar hedleand 8acihnibk eofesiit perjedioRed e igtdeemivaRi AR 6k tBE annular

concentric projections. The holes nmay be spaced at equal angul ar
i nterval s 19P8UNE¢%e | oner surface. The flexible membrane is formed

of an el aspogo)mat er ﬁﬁblenﬁnﬂtionsscgfltﬁé:ﬁ%tioh%}%dlﬁﬂe%@%pﬁfor@%ﬁ&t’ a
carrier rlnﬂ i's described. The carrier ring includes an annular ring

havi ng an fPhewing Sestres e Tderepnesatrisdnnes and ewenrdiderwallsiofthe flexihle mambirane
retaining i : . I t a l.i.shl.ng
pad. and dneiive Byl Bro RGRLEMPHE B R COR e AT sbiill”
head. The donceatricstin$ aiskthe amuldtesnenfricrstjectmns ofithadiegibEntherhbrend muyebe

our ace Wiy 8 okl el 0%, O BT L R SSSRRL. IS8 P hethl

[ 0011] | nplipéEHaed fuehsr iy mbkdée B yRIAlitP B Ko3es, .BC bitdigardBRs MaciBsle of the
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.
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followi ng features. The |l ower surface may have a snaller inner

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

connect | ngahfig Or | 4901 lenl ANELoAHE LRGEAN IS NELLIEBlo PR face. The

verti cal e my rom ower ace oped
section. 'Ifbﬂowmgémmymbelbmrasmfacmajahare ashﬁillen mnérhhmwérehalﬁthé tioze,
and the annul ar ste have. a second vertical surface extendin
from the 1L, A PUE A of (BEEOHG B TRURYS P 7GRS e A Bwer sofface.

connect i ngriehece¥emb afude WHoAe Snt@lBwé i tarfaRC § DekivA st i arfiy eed seolitn
i nner di aneter edge and an outer dianeter ed e of the upper surface

may be roweaesstingihs herizpntehiower wﬁapm@dltéeavem@é syfes. Theyegioal %lrfﬁwnam
the upper &%ﬁnﬁ%‘ﬁa thyi&;v&' sdffale h¥heio Jac‘ﬁgﬁ FRl rbBE S B,

spaced at equal angular intervals a e upper surface.

surface negep mctlhaxdﬂerasuﬁhm; and ﬂhy amiulgrstap\zw hex¢ emzhon@]vértmhsuﬂf@m nner
surface to an ou%er uq ace f arrier r| %ﬁ%§¥ F% single.. un1
made of tHELAME TR Beilger s 6°° 125887978 hoti b = N i -
i ncl ude anvepfyalihidface piEihe p&fohl Q8rtBA\shitgcel A& P SiansdidrfedgearrinGh oater
annul ar | ower portion_having the |ower surface, with the | ower

portion j dhm%}elt slee ﬁéfha@%?r SyERes Ry bepundedn d RiraliRicy Bedticalysoesseg
the annul gp,| QAR BPthOtpRk sﬁﬂf&ecm bigtalify &g;yrfﬁahéapreaésﬁes lﬂamob Hed
different ndaterials, for exanple, the upg@@ E%;tlon may orned of
a netal ared equeb angnhrintgoielsi @wnqlﬂl;c wrper Hy lawpt %Jsﬁai:fcma}emglude a

pol yam di o}

[ ower por El@rﬁhéﬁt}%p&%@gf q%(ﬁﬁ\fe}@% e 19.\9& %Erf!icjgefo yu? ?&ér ﬁl?fagé the%'agle} nﬁg
proj ect i onmaxbendngly unmmdanf ‘dmrsmhamateaabsg plrasmdieThppae*nelpmgtmqn, and
t he annul ar projection ma ng the inner .surface. The recess
my et | nasioioR S B prioB iy Be Bt e g e 1R o
edge bet weiRirghike ek fighica) wi‘ﬂlpﬂ@floﬁétfpf)ﬁﬁ)ﬁ J@ﬂ@h folike gt gartivml The abhelar

i nner surface may have_an |nmardly protrudi ng step adjacent the | ower

surface. THRPeEREROMERA the srnulanewern Rogon; of Haercajriar Fing sepyberses fosmett of
upper sur f @fgrentiifeliNGEr SURAS thd BYetiRriRRAELEE foRHaT 6 ¥mbh Rl t om
to top above tﬂe an 1nwardly protrudi ng ste The carrier ring may
have an i niamecportipn way beliforgetiiopa pliftis et atphgfampbmd stybpading layeranayi p
may have a el d—po.

and 1 ower - gBes Hippb Wihon id oo BUREE" TROLILER Pl Blfhoh by 1R
to bottom hﬁdnﬁ\dlat p@jdctipn e*t@meg info :arminhlar reaespm:thp ugpagortiosy andithg i s

descri bed. The carri.er rin s, an_annul ar r portion._conf
o be pos FTBHERAEHERERY SSACSlORR e ARES AHEA R [ HeGhrs BoF A g » ipgonal

carrier rigpet Surfa0dfah Gt ®0wilPard 4 GUAdAIeaEd betvbah thelho1dAdnEhl app’eﬁhﬁ:fa@é ng
ring and has a | ower surface configured to contact a.ﬁollshln

The annul atndthpiasidpavedli die frpsr pefase@ay paveandpadhorgrediae @targ@dmﬁenﬁ tb%
upper surf t

port1 o nadver fftcs. Phd iPhaf B os BTl B o PRSI Ul cpEicy
with a srra'l‘heemmrrsme?acednan’m tgpered rwardie froppettosute tepraboyé thetan imwardlyar

upper portiao npl enent ati ons._ of +the Qne

oF Prror & of PRLAPE P ER R es pp oS pean i Freby B R i et i e

to a base. suFhee.CBid liehay hig aveeytidabinnendilpadetunded @Ottmﬁmﬁlbﬁ@tts tfyer adge

of a substrate._ The_annul ar upper portiop, may, hav Iurallt of

cyl i ndri caloveredsssed W?rt%lrfgﬁp@ﬁy S apeIEb Ay SARUPRFO IPQSKREHJ%W theon

may have aaglurallty of grooves. The annul ar upper portion and the

annul ar | ower portion of the carrier ring may be a single unit made

of the san®0#}t eri alin agoiber 2speqs) saeariies ring hedeserhedadhe eawier rghdsen may

i ncl ude an I rok I

ts outer HTANGeEfer BhbrRLAFUA B MG sal i Pl ia ol B FR A S
portlon. The carrier ring is configured to circumferentially surround a retaining ring and
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followi ng features. The outer annular portion may have an annul ar
recess along its outer wall and an annular step protruding i nwardly
along its inner wall. The annular recess may allow the annul ar
portion to flex. The annul ar step may have non-horizontal upper and
| ower surf,aces. The f|exible nbr ane may, have, t annul ar fl aps
connect ed Loe et At QR AR CHPTANBE Fi, M RAT Fhaghfion bas
connect ed rbmdeli@oishealoan el edge PPk ipDEr sBlicd vdAtsanitd kA Obradia@érk] on
extendingdfnwar |y and a,tthk rim The rimnay be configured to be

secured t o' 2BRLE GREERHTign baseretispalong ihotisr digpater andyp npesugface with &
narrover hafl20nhe! didedtts tﬁalﬁuéap%ér@@rfice\&%e%ﬂmbﬁfpp%ﬂ Rridh Pl urality
of concentric annular flaps may be connected to thée main portion to
di vi de a BPHe abov@plemenistipms ¢fdhe ingention mayanghiderankiot yoof ofdhanber s
when the f |: r i i . -Faor._ex | e,
the 1 oxi P EogRE feolE00 Al Geh e BRE M B kaBel A bRE, MO GRpe YRR
connect ed coofigired tvatoh cpaadtitleredgd bfa subsieaternThe amnlze npper poion wlagthadd ap
connected to the L rtion may have a_.horizontal portion. extending
ot war b y P EE R i RE s BRT SRS RS FhBlasiivees aiion ey bave

portion, anfhralyaTptdcits. AT ReupPlipePPortith ARTIHE SAMBE TowdoRRInb T the
portion and the horizontal portion. e annul ar angl ed portion na{
ar

have a | arcgBler HEEMaY bs@ single itraaderof the samermpateriah suchasrRlastia. € hagnng
its junct 1 i i : :
concentri g&gerf 3 I}tgb}ﬁ??%%grdgégﬁg?tuéﬁg{% lp?ﬁr él dﬁ%ﬁ)ﬁ Evgio@?i@#i ﬁr{g;?&é%gscﬂoq%albse
atverti caloujsodiemsterethe artiviry stepaaytiase arhomzoptt tavwen surfachoThe wintest]
portion e i f ical, .portio and a_thi rim,al,on
Phe outer tRARE dithe R Tel 50 KERLLGR R A0 SOE Bl o MR iOHE,
be secur egottipnandyasent issepbinyost ddpe of drel anamitisdterd CTHel aanul aEypphByeEtien and
smal l er thi ckness.than the vertic rftion of at l.east qne of the
hree. out CREBBIE REAPTISE mA Kot QiierbAplscalscrific bong dgtie
portion. THetveshaRtthodetidndl THe uHuG: WPSr poAIME MMy HaGe A PAsaF itk |ARS
connected to the main portion may have a ratio of |ength of

hor i zont alSuiiesetalong itsgnnes dipmmetess anddhe anmylar nyyer pertiop saydeye ghaugtlan | 5
and 2.0. AbsiLeRstr@Ags; d 4 O L ARG £i.aps
connect ed%{l% t.het.pgraj nn{pgouti gr&%ﬁ ncl ul(rjgem% en%t%% at %ﬁéﬁf%%é%?lgﬁ
bet ween t Hke projectiamis alzed b it iote thewtcesse Therecess along dhret ingar didfiegeroé theh
may al | ow

ri . ion to fl ertacal ly. At l.east ope of
t he conceﬁwg@ﬁhﬁﬁarﬁé ngéﬁvr%a;h Olnr%gﬁltﬁledié) pér %%ﬁag Jm(fllteL P Hnedefillj’ﬂc OGAE™i t h
the mai n phyinsidawallh@he afrciermpyerpedionanadmpe es iivwandy protiukiighipiatong the
portion. A first of the Iur%%ity of .congentric annul ar flaps.m
"hcl ude. a 12 BReTRy ot BARAF RGTCEay SR A PR BT A RE R Ag
section coanfed patiohdoh@irehiHel dnElswersligg section to the main
portion and a second of the plurality of concentric annular flaps may

i ncl ude a [P®dEr al | yIesnathagipsrgcts a dlexible ragmabrancds degsribed. yThedexibg ng
section c i ; : engli J: i
portion. iﬂe ﬁ‘{r"g?sté?‘%’tlﬁgéﬁf’ﬁwé |atq§s/&’of c%%céﬁmlgha%%ﬁég% Hatjpi)hsg may
be an out enrdast arfd aynutandnilposaoetendingtfian flewutsr edge odfthecronio pnttionc

annul ar fl.aps an Lnnernmost. fla 0016] ] n _another aspect, a

flexi bl e rERBPERE: PEmER P REIDTar “REGe g REF o bE pOREh I« oS Ftacke

surface t chir;gkg;aﬁ d@?amxﬁarbsdesﬁt@vmgﬁﬂg&@%@tg ﬁﬁtﬂ@&e r Vel auheamutammd hle

portion extending fromthe outer edge of the main portion, and a

pl ur al i t y PSFOR0 ]88 RERR fﬂgﬁ peg rag peundeh Haes 2 ouEsT eHErcERa Hor ti on

to divide @gnQls® @Qg&%ﬁaﬁ}ga mai n portion into a plurality of

chanbers when the flexible nenbrane is secured to a carrier head. A

first of tl6@Spl ur al inplepenighensevithe igvention may idlegsone armgreesd the

| ateral ly ' eGH] i | Clil

connoct i ndTRRaE LA VoA Bt EE R e B et ls ot
wall and an annular step protruding 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 a base assenbly, an annul ar
retaining ring positioned beneath the base assenbly, a first flexible
menbr ane shaped to provi de an annul ar chanber positioned beneath the

base asse t he.annul ar .y et ai ni rin a carrier rin

ci rcunfer ﬁ%ﬁ%ﬁ@&l@%ﬁu@ﬁ g THg P ﬁgx‘r Z{l%?’m“ﬁg rs}g? Wﬁygh‘ée %Oﬁqr&ﬁ?téﬁ“p?g'
contact a gndllowdrisndaqeadThaflekible seebishelithaXiadt BvdrBiHla figps ddpaEREd o iie
vol une between the base senbl y ]ﬁnd t he second fl exi bl e nmenbrane

forms six PYESERHEARRIW. cHighyepanuianflaps ponnesipd jodhe PHETRIkIan goTHER Meo

annul ar  capgeRhblifontA pEHRA xleRdiD ALY 8hd A BR&! rim UThefith may BQ(‘.’@]@ ed
surface configured to contact a EOl I shi ng ﬁgd and an I nner surfdce

conf i gur edoie Sesuresiipt dassrassenbly. She vppenehnute flepigey baven sartoster horizontal

tain th : : [ flexl bk has, t I
Concent ri CoRa BerPE o Bpilfher. (EHRBAS, PR AR ARl R

surface, wioen@ted b tre msinpbrionde dividetar iobunps ahjoee tHeansn pogion ime d plugalfty t

into the annul copcentrj c..recesses of the annul ar retajning ring.
The carrie CH?I%%&’ ¢ eﬂffﬁlﬁfieaﬁl?ﬂ 0% 15 Se7FS9IR a&ﬁﬁwéheagn%lﬁi' grampadie
portion, vhRiR AchbRint W haPdfdut EshebRfic Andubl $RSs AnBded fotthe AlinGlortion.
di aneter. The second fl exible nmepbrane has a main portion with'a

| ower sur f edesmpsisoncratre apnplat Hap enpesias tp tiy Bunpatorarey bave aut er

annul ar paiaki i u i i
aher el n o Lo o TR o Ioh o e A hRona

portion cawpiansagl an gnapiap mregled pastigrejofried hetwaendtha maamportion andthe dsrizinod e
t he hi nge e Il _of the outer annular,.portion..The .
bor i pher aRe 1R ARk e ponfn i el h e S HHOA: 1 PP i Mo gmate
conf i gur ecportiontbarcaipjiranire withGHeA drizphtelpnt@d. i Thesheé ohtBenésnVEREAEN
may i ncl ude olne or nore af he f.ol | va'g% features. The carrier head
may f ur t héP PATHARI SOWeRts §?ﬁ§%¥ POAR FY G hdBe A Nerice pRTE aFiendRaf ¢
wher ei n t feor @RenAs perihya HELoRE! SRAGESEQMIdeTrdn SreRRHRLNEhrRG, bh PR -

The carrier ring may be configured to apply a downward pressure to a
pol i shi ng thigk rimlangibaniisr edasrod shehosizempl nogipnpyherkin thethiskeim maydenay
be greater t d ' 1Y) Myt
The carr er Tl ies Rl TE 85061 BBRbA By Blvd It BULOR bt
ret ai ni ng veitivgl poTtien off ab daastsonieof theshime nutevmost cweentpo atriudar flaps tdmmected
carrier ri may: b t st a j de.as, the grooves in.t annul ar
e *por 10 o atin BB 1BE SoaB pit 50 it HnRE aiutr Pepinadea
coalti ngI _cctmtlnaic B polftioalnﬁyihaum ra'ﬁ@@fﬂi@(gﬂmfl hbﬁﬂ@ﬂtalﬂp@gtfmhr’fbn@@ﬁn c{‘f&yrti]?iﬂve
a plurality of annula aps, ere at |lea ne of the annul ar aps
may i ncl uﬁwmﬁnée?ﬁli-ﬁﬁW@nét feastep &ftiéaﬁw FRIMOS: PBFFITRS FnaRd
transnitt efhph EQRedted tPBS hlaaﬂﬁaﬁﬁ&n fhgifehash %Bﬁhtahﬂhﬁ ' mﬁ£ Bet@bed HEST

one of the annular flaps to the main portion of thé rane so as to

reduce corforigealgestionandike yasicel pertien.ofhe miich mecdin thedwetipinsal pertion ame

may have I id Y aof . g@ﬁ}r t
annul ar f%%ﬁﬁngétli'n%ﬁgﬁggy%o ?:E(l"a apltce I%ﬂg\i)? %&??@éﬁé?q%&c&g?%gne
of the annuhdure fWithghe ainfdostioni e oivh npyesduse eompressiamgtiathe maiagprtiosnt

pressuri zeahl anber.s. [0020]1.n anot her aspeci, a,caryrier hgad for
Phem onl - bRrLAT BAPREURY ohFHGUuTe ARBisAEPupey Bt BRrehy Rlyeniie | o
descri bed.sedilvm adaneficalpadeling Rehas@dnnéfing HUhefally @kRhdh Sectibin B
a carrier ring. The retaini n%u}rl ng has_an inner surtace confiqured to

ci r cunf er SRR BPIPn 8p6 ¢ iR Phile phwrlity pf epnegirrig araplar flaps mewingivese
substrat e,15@R19 _'f_&t%ﬁdiﬁg'Eéc%ﬁ anPi @i Haﬂﬁ@)ftelﬁfﬁé &eﬁ?ﬁa@gﬁeaﬁg% Bterally

pol i shing pad. The carrier ring has a nner- sur
ci r cunf er ertengding peation tothediaie podien.r hefinst ofghs ploglitaef coutatricambilace,

The ot iwmg ey BE Enb@eftih Ak s YRk bR vBE Nua dRr RS e i

may be an innermost flap.
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[0021] I npl enent ations of the invention may include one or nore of the
follow ng features. The carrier head may include a substrate backing
nmenber having a substrate nounting surface, and a |l oad fromthe
substrate nounting surface on the substrate, a |oad fromthe

I ni | t I shi d.and a load fromthe carrier ring
(raﬁt the Bg| [oby¢ nS”pa3§ ﬁﬁ%%%sl%’%g é%@ﬁﬁ’ d Proraeg i<lespsibed thrhbasaadt postien
backi ng mexiies 0wy sirfiek 46lrofide A @btk R - HBHINE BE fact N dtdiafinkikdpoPion

grooves in the |ower surface of the carrier ri nq may be about” tw ce
as wi de as¥{meingifiomtheoytes pdggrefdheanain portics, Andveen ur@h@fcef@enc?ntrme?uletuh
retainin ' I r ce e
carrier ?i%%gggnfzggd%?&éﬁlgg? %’r%n _?’h“gﬁ%ﬁ?%@?’{ees%‘#&g%&& sortﬁl?{l ’flﬁ)ea

| ower sur frdwelityfof chasmbeat wheri thg ﬂamhlg.me{fxﬂﬁ&:ﬁ ﬁbﬂuﬁhelttaalcmmf heade AofirstadT e
enbodi nmen e d nvention are,set. forth.in e _acconpanyin

dr awi ngs gﬁ%&%ﬁ%%&)afsc@ P‘l?eﬁjt%ilcoaﬁmﬁlér Baps "Eilﬂ‘%ers aflgﬁrf’lh}! 8’§tf’m§‘6§n§e€f‘é‘} a'%r?d
advant agesegfcalli extér[di@ﬁe:cﬁdm wm%é%gé%%%@taﬁ&%aéggﬁé@ﬂ F%%g glalFﬂl %ﬁltliﬁ{;ld
drawi ngs, and fro e I, NB. 3 I .
Chows 3. s R AaH4°B0 OF (ST EBkD o FETcoTR e AMBNAT Snenine idFs iskte i bmding t o

ol Brment ot e e seon ST e Sty Mg seotionto, o

one i npl efBHRARIPGHIAS a ret ai ni ng ring. [0026]FIG 2C is a

cross-sectjgagl vi e%ﬂ%m%ﬂt%ﬁéﬁ%f AR AL Fiaf EncfidePn@ P i 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 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

circurmferentially 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
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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ring. [0027]FIG 2D is a cross-sectional view of another

I mpl enentation of a retaining ring. [0028]FIG 3Ais a top view of
one inplenentation of a flexible nmenbrane. [0029]FIG 3B is a
cross-sectional view of one inplenmentation of a flexible nmenbrane.

[0030] FI G i%@:d;t& &8, Wh@‘é’ec%kd%]?ﬁbie@éﬂ%@ﬁts itagi?alilg {J]org?lg gﬁt{g%ﬁ{;wéri ng.

[ 0031] FI G S a bottomview one 1 nplenen I er
ring. [0032}fktGosdvide asubsoss-nsentinpnafacy aebunafuto nemilayotion sxtandign of
a carrier fing. %903& H & mAéBl aoqgonA,' Evhgrreem & junotire _eghere%% itl?enlgliinv io%/g% aggi
ot her i rrpl%%%?ea T§8%P P J P
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 swifaces 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 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.
[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

.



< -~

carrirer ring. [O0034]FIGS. 4E, 4G and 4H are a cross-sectional views
of inplenmentations of a unitary carrier ring. [O035]FIG5 is a
partial cross-sectional view of a flexible nenbrane. [0036]FIG 6 is
a bottomview of a carrier head. [0037]Li ke reference synbols in the
various drawi ngs j.ndicate Jike elenents. DETAILED SCRI PTI ON .
{5038 Ret GRPARY 2 bio et purtageliivts (AR v o WG 0 pSRE By Brg0ves i
chem cal @gmg@fac@@m@t}g@gﬂ@q@ apparatus that has a carrier head
100. A description of a CVP apparatus may be found in U S. Patent No.
5,738, 574,004 ent i lewismeatasions of the ingprtioh nay ingledsr pnsraammote pighei n by

ref er ence. fliowing 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. 2Ais a top view of one implementation of a refaining 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 is 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.
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[ 0039] The carrier head 100-includes a housing 102, a base assenbly
104, a gi nbal nmechani sm 106 (which nay be considered part of the base
assenbly 104), a |oading chanber 108, a retaining ring assenbly
including a retaining ring 200 and a first flexible nmenbrane 300

shaped to ide a n C er 350, a_.carrier ring 400, .and_a
substrate[EQQQing agggﬁﬁﬁéaiwﬁﬂaﬁ?%ﬁaFﬁ@F&ﬁ@gmﬂV§@@6ﬁan RgPipfiqns of a
menbr ane SO@tatylvairiedlehgpnes a plurality of pressurizabl e chanbers.

O her feat 56?1%3 of t%? carrier, head describhed for a simlar carrier
head may HE&Y3Bbund i A6 & = patiafrosapptiional view of Bexiblamentbrags:

2006/ 015458@s61t he ent@reisdicaabASvEoRd caMpi$R.d. S i ncorporated herein
by reference. [0040] The housing 102 can generally be circular in

shape and [881be cofutleecetagence sembhls inghe hafous tawingsdndicath Bkeeleménts.
during polishing. There may be passages (not illustrated) extending
t hrough the housing 102 for pneumatic control of the carrier head
100. The base assenbly 104 is RETALEDCRESGRIANGD e assenbly | ocat ed

pencath g, iRl TR BRI S RE L hghiGL 075,

assenbl y o gi ative'’to ousing I"e
| at eral nobhéchmicdl pohishitp@BVBsppatatug thidAay etaadiéntead DOC. reddronpiongfh02.

The | oadi hamber 108.is | qc bet wee e _housin 02 and the,
base assemaﬁmfﬁy%m%m ?O'J&glugg . Pptept ,Og’i}gvﬂaatﬁﬁ eﬁ%@é%‘t"é“rﬁf:’f‘”hmh
wei ght, t Qs inberpbasel IRsEeBhhofertd. The vertical position of the base
assenbly 104 relative to ahﬁglishingggad Is also controlled by the

| oadi ng” cHA®A9&r 108 Thyramisubeed 180 &chidexs hepsingddrn hase agemibt Mes a
f1exible negbnanenaiin Wob fwiich Rl‘é%%ébk{s%%‘ll p‘é&%f&ﬁé?&as&%gelﬁl%b%g%?BB

mounting surface for a substrate’ 1 eferring to
a subst r atleading chambirel 08eh tetijping ring assembhgincludigg asetembigyring 200ped a fiest a

pase assefltyeBton Tl shFiah0l 03, LBRPRRTD bhaftts B SRRRL A
provi de arnd asuhsirate bebleing esse@bly. 11Tivhicteineludisngesdinddlez(Me gamnbhge 500
post {1 ened, heDeall e L] 2 b c ST ane 209, and cent guced o Be
the retai HeRgibed RE 23QRI1AE AR hédABLy BHobACR 128 1Patent Application Publication
No. 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
to a drive shaft to rotate therewith during polishing. There may be passages (not
illustrated) extending through the housing 102 for pneumatic conirol 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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and a lower 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
retaining ri nﬁfzoo has an_annul ar uypper surface that can have two

annul ar coWPBRE Fhambes 8 8Q sEre rotamingirg 20004 bp Residened bansetivthe Sewblses

233 can b%éﬁ%ﬁﬁ@@@oédﬁ&ﬁg%&}’%ﬂ&e bh RhOhE IR Hn A3, POSI i oned

above the retaining ring 043] The retarning ring can be

const r uct ei#042lom t woAy shewys in B1G @e2C.gheustaaning ung 2@hha2 34 imwdswaface ppler

annul ar por.t, I. rti.on 4 can bg fo d of .a ..

mat eri al pvé{lltdcaﬂgwgl;gsc %%Q%a' ?@Einﬁ%& ﬁrka%e %ggﬁfﬁclﬁrc%ﬁ%‘g?& ﬁéﬁ“@ger%fmauy

p: ast ibC, desugm}.lncbmbyhﬂtﬁadiﬂd @b.ﬁtrﬂeﬂﬁ iodeta(d:ll?@l}bsffhg gﬁﬁw oliﬁmﬁgi 'fDlile Bheul d
al so be dur e..and. have.a | qw r rate. I n addition,. the_ |l ower
portion s & %ﬁﬁ? liegl%l}ﬁ e Dropedt W qontet wih e elishine Rage

substrat e Bgoetagad Msd 20010s bR hAWMMPpE B EA8S RRhaveIWS Snfll& concentric
substrate to chlg or crack. On the oPher hand, the | ower portion

shoul d notreersses@3d| ABeseanmancopevimbliesrspis@ds grebovizadite intenleekiifip ri ng
causes t h%@&@ﬁwmﬁnb%o 58113%&%8%8\/& #L RidiflGs RHDS6G.at € receiving
owe ortion o e ret Ing rrng

recess. The rp alnin can have an i nner
di anet er |jl(843]l ar gerThehetainingeimifftcrabe calisametdirom ¢éwg ringg b duwer hn2ulam

| arger than th ubstrate di aneter,. s to _acco e sitioni
ol or ancodtrb SR Rish Bb SRR Aot b SR SPELR A P P e e
have a radhatbrialivetii¢h iochehieslly et in AGMMsBeest, 60dvds Bhitastipees,, porti on
235 of the ]%I%ir]ing i 0 can be fornmed of a materjal that is
nmore ri gi cPOE nylens %ug’is@?@%g% tﬁ?@ﬁo‘ﬁmﬁpﬂwhwle 2lgo hadwpblgang apvesdoy

netal , e. Qysar 4@ I RAFioR! BE loweTPhiHRH IRMTY b@gufﬁ&i&m'sv%mpréééibfe HERAM C,
e.g., alumna, or other exenplary materials. [0045] Whén the two rings

234, 235 ohontapiofiiks wibairale cdgerngaiasidhs wiaieing ring goagppbsausaithe aehstrete to ¢ap
| ower portj 3 i it ' I t he
upper por 19" areh3n'the RS HeBEEI R BEAGh ASd B vk BBl infld
sane di mnensessws oatthd k@iningeng endesthe Erwed parieh 6y sxtaide frieile saljtateent

surfaces such .t hat thg.h%o ri n]gs 20% 235.forma flush .surface where
the two riRga" 285 T35 MHeeY RREH TP RINET TR MO TR Sagher Just
annul ar pdadgeohsn G RBubitraitdiatdiede ¥, hboud 12006l IBged BMehe 236G trRRINRSRer,
t heir adj acent surfacggt.e The bondi ng | ayer 236 between the two rings

y §
can prevenrP 2 (AF55PREosRte PPRiPYng folerpnees ot the Hibshate fosging prgemonBf ng
layer can R OdanMave a radial width of about half an inch.

[0044] 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.
[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 slurry 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 u Eer. {Por ion 235 can inglude, cyli ndri,cgl recesses or
hol es 212 '?W’es‘g P s T Fh@“%’ﬁ’o‘t%ﬁ&% asygIingERP e High feapperadure spoy
as bolts, BgEedearadiionbhte bBadidaes 2F6Qhe SERIYh had d JidHi |
200 to the flexible menbrane 300 go_sitioned gt_)gve P?fgﬂ%ﬁ%@h%n%%pr%?%ﬁ
can be evdRIc§riap ipplgmsnigtions. theeroxstinelades golvamideand aliphatip emiindsoned

bet ween thggio annkﬂh@ﬁlpg&@ﬁﬁmgdf?her @%%ﬁ%?ﬁor?é%‘ca{a%ﬁ%klcg}ié&ﬁl recesses
i mpl enentations, the retaining ring as one or nore urry
transport athaladls wth2crewrsheaths (not shewhpisaeceswerfhdarer 8R:h afbelts lsctewy, or

transport n extend fr t he .i nner . di aneter ..o the out

di anet er o‘ﬁﬂ%%@e 4"%:\/\%&6 SF T }ng(r%\ﬂnezr\?%lqlﬁg 3% ?‘%{’g@a lgff’iﬁl?l? Fef"g’rii’ﬁégf)f rom

the ext er imsitioned dt@ve itt @he holeof 12 @ be@bailbiaged ArdghdiHE iREnRE Iri'n? Rhdgke

The slurry transc%%at channel s 222 can he evenlzﬁ;paeed around the

ret ai ni ng FPHGReEeey ?’F‘YPW’H-%&&W”&‘H&‘?%@FS can be offset at an

angl e, e.gog4s1d. rellRbdMLinieh | HS j | .
# ikl égfﬁaﬁo@@, tHEreRAREL Al ] %g@sggﬁomn e

The channel s can have a W of about 0.125 I nches.
i mpl enent deanapist chapeels 242aformerhinthslgweo9irfaas 23h éherslumyrtensporocighndio| es

t hat exte I : 89% Al ni.n ' from.t L.nner. .
di anet er {%g(t%nﬁgfb %{ﬁgtﬁﬁ%{ grre teegofﬁc}?%%tlreﬂe%@\’n&l ig:tlﬁr ?qtééf pé’,a”eé%r_tl?n 2?‘} %°5raﬁ°‘”mg
wat er, t o shasstofpasmirdrh éhe axtegior trthe intérive ot ecthiaing rimg duriagpokshing. The

Chr aughe nOTE EERILVIRAE A AP et BSEP pERe] GR-saRioETiG: CAFOURY

hol es can thasgtecHayne DAL e£h 1R FEbecht bl engleledi. M delatiPdto thORRRsIAs
I mpl enent atgﬂlo S tcge ui)perestglortlon 235 of the retaining ring can have
alip 237 %g]bﬂﬁet angi- ePhechpmnedscan have arwisdth pfabeui). Kidiackeshor i zont al

| ower surfaggy a vend igad initss i
non- hori zo[nt‘g] upper gﬁrf%lg%.rﬁTt%%%’gﬁglée%ﬁgg%ﬁg%we%geﬁ]élrngrestprgggl%or

the retai rHolgy that ngtendtirongh thveodywyf therrpieininaiyreg fodm tiecnoeadidnestento tig 400
o e TR R0 U000, U B R BRI oo
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 swrface. 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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can f.orma 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

350 i s evagcuat ed. 052] I.n.sone. j npl ntations the upper portion 235
of the ret %Vﬁiaﬁapﬂdgfagleﬁ%QBél%ﬁﬁdd’é?‘Pﬂﬁd@"&Ps PHdefecssing dmetihizppdop to
upper sur f @fom FbwexafRhEreglfol @42 NTEY tapdtd RERNIAD 5P aIRVLE: e [ARET €d
regi on 240 sl oped_ i nwardl i aving decreasing diafmeter) from

Y, e., hg
top to bot el Bauppy @prtis?3Sr dhe mrermdacetfdhe laper pattionedi 4240 can
be adj ace : r > . L ar : r
ot f 2o of "THaT) Sony 5Bt S & e REiAP e RBLL bORAIBml Boll P8 e
porti on of narfeaver gpper mney surfagg ofitha retaiding iring psavistt mateorpal ddidvemd]exibie

narrower u in rface of the retainin i ng,.prevents wear on
an adj acen@gﬁhéa?? gﬁe@rﬁ%’? ﬁﬁ%bsir tﬁfm%?lg\}g ﬂ’é%m% i‘h%‘g]t“%&lf B8t i ng
surface. |imp¢mérdtativns, thdle@ReButeNiur RS tetirsing FHAE cRIBd dogte@WHi@a non-
surface of IEe retaini n%yL%ng can be coated with a nonstick coati ng,
e.g., paryf¥ré&oangos8s P fre i npl enentations, shown in FIG 2D, the
upper surf?@sslof t N lsOME impPrefnbhtafiond 3holif tn RICR 2B ﬁl%tu;p 8 stfdcel dbdile
extends into a corresponding recess 1n the |ower surface of the upper
portion 235werpstiph 83 eldsiagnoiRaipncidd thes extemdslinto 2 corrgsponding eqvdisrig the
around th Rl L . b R No) he lnner surface
of ‘the r oriaral kPge bl Bber30ici s, PhESBIARPER b b UmlAtEk g

| ayer 236 edendegtaenuhddhorepiting riogtand carebd pasiionedibtl thoinnédsripdeajfeled | on

244. | n operat.i on his step feature transfers shear_force o he
Comer | por PEbinehng forSviRt EBispih et BN Yomg et o36,Fores ond 2loRS e
vertical valtdr vadabivall BEhP bajjetivh @M. 2hbpaiatlos 166 B@T% ety Bads@ir€ he@N
t he associfgt ed porlti on of, the tbrondi ng | ayer 236. e tapered region

240 i's il 11Q8PoRIBHIORET Periion 664 AR tpprlishing peq B 2 bteraldprse enthe egical
proj ect i onyAfdso She Jaj%_cﬁi@maw&dra%%@?esgwf&%ﬂh@%sseaa%ﬁimfoﬁ%gth‘g'er

portion 234, _e.%ﬁét e inner surface’of the projection coul
t apered. [DodipTver 224 al ki tapered region@d0 dritlusiratddes iphit of the nbpampertBaQ@35

t oget her f Al i .y i ne .300
oS Cont 1 guitidcify BRleROH Bk EATM. RpERERIalon oS oldat Rl TR TRN S 0rRR,
bel ow t 0 di3daaputierinree saifmiernd thel progje@A, 24 cond de rpered. annul ar chanber
350 above retai ni.ng ring. . t he .annul ar cha r 350 i.s
pressuri ze@,ﬂg‘ﬂhe fl gt?‘\e %?t m?f%rfﬂ%%@ apgd S\ﬂfﬁgg Iﬁ?{nl?rﬁ%r%@ﬁa%‘#ﬁr;"rm the
control | abkgidig@n®iksédiblyr Thefletipl nidnit@ane B00 i @adzORd tdee s18hpddubBG:
ring provides a load to _a polishing pad. |ndependent |oading on the

ret ai ni ng PRSIy Sff ebhisouied Relomdaan yim retHaingatea00: eviding go
upars. POSidhhREhHNSs] ditt Mt AR ANC WRIRE Ehﬁunmg chehe-B50% ! ng

and the carrier head can reduce or elimnate the Inmpact of carrier

di st or t i orprefyutized, e flakiblengembrage miovidhs atiodensnddngly comteollabledoddson the
directly ed . her_.head.. The elim,nat.ion of .this, carrier
di stort] on AT, TRYEEGL R fefRG inbtfoflss TR ¥ befigits heducos
process vdnieienddnt joadingtonehsehdtingting eagtlowandsisariibaking @vehe pad as the

olishin ressur to be psed,.. increasi ring lifeti ) .
P g r?ng Wears. e£§081t10n1ng the ﬁemble mem rane%%tween %13 reta%tmgrrr?ng 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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[ 0055] As shown in FIGS 3A-3B, the flexible nmenbrane 300 has
concentric inner and outer side walls 324. The flexible nmenbrane 300
can have a pair of annular rins 322 extending horizontally and
innardly fromthe top edge of the side walls 324. The flexible

0si 1| one R a RoTEDRAL Ay oy B Ttop deerat b oo s B aiRks exibl
Addi ti onal fymblafiecdd ‘@ﬁlﬁhfﬁdﬁg AiphanRseaflly Mefwhn ngl%ﬁfr? d'lfdrg gdog%ﬁ\nl}l%d\;%}gf‘i the

can be two annul ar concentric projections 326 extendi
from the mnulearimsdieef thefleaibée membiage. fAddifiorially. teerfiexible meTtheae 300 has

annul ar cq I, roj I ONS [+ .10 it i nto.the

annul ar coérll(ég’ﬁ{ %\%1@&?(3?%%&?0%3@%%@%200& g%nﬁéﬁrggggo%fﬁg ﬁétepcgfl%i ni ng
ring 200 plasiwaodiedronethewnmlia Ibwexdulfhe: sfehdiladide n{edModk ThRedklagxilid e
menbrane 300 of .the.retainin ing assenbly can be forned of a i
matori al HAEeRES BiRiseh® ot bt e AT fintheaRa pt PR RS 233 in
pressure. (Rb&peuaaid 6f thetcplihink rifa2n00 pesittded 541biveRN e @8 ridbee.
exenplary mateéerials. [0057] The | ower surface of the flexible nmenbrane

can i ncl ud@0%6lr cul arThegdlegdblamembpre 384 ofthe mitainiag g 3ssemblyreap be formed

posi ti Onedofl%% £l tﬁeﬂ‘?s P} g,ad['iBWix?é thé 9#&1%%@2;& {lﬁ)é Qxh%géx.}cg%ﬁge. 31%1% e?a@gc can

be evenly spaced around t ower- surface o menbrane.
The ci r cul metehalces ighRlesHivoncouimibo akenflayteaieiads. such as bol ts,

, h f ' he flexi bl mh 300
e ret ar ORI ng- 208 ot ok iR ARp HEmbrES oo relit el aoled 12

flexi bl e rHEwiRoRr BOOs 312 dahderpebitbitd tgtden GhedO0, andilaivebRe&itiEprofclons
Loctite, iqsﬁ(spl ced in the recesses 212, and_one-way SCrews are
504

i nserted t 2R heevglvewpaeefiaroundithelopepsrfeeoffbredhle mambrang dhehe

recei vi ng ¢iRGRS868s 2 ean HaSnmbaRe FbRxXd:Dl s8R NEre3R 0o Ak RErdware,
ef fecti veg%épernanent |y joined to the retaining ring 200. [0058]In

some i npl eeesrcaring s flexivie mombane Ok oithewstainingiriog 2€G. Isisdwewal | s 324

f the flexj . . |
ourface w P EirERIRER0 Sectiing B bigaR Al i b0 A6 et el A 41
secur ed t cadhesiwd, aignilingtite] is@l260in thbeecesses/H @, pal dricomsy SRBvsaaninsertednd
bel th f ot t ai nj ' he c. d '
598 pr ov: dirhieh gRitild o T ArbRte S iin by efintiteiRr ol r o
menbr ane tDRPMe fldRibRNteBahe 300 (20T RIFERIVE REBSRMIY foiiddad tRretaining

evacuation of_the chanber 350 wi thout substantial bulging of the side
val | s 324.71982®sne enbodi nents, the annular rins 322 can be thicker

than the sjpgsgvalls Iﬁ%ém@ﬂmﬁl@ﬁeﬁtﬁﬁdﬂsgtg@ tc%@?tﬁ@'ﬁﬁwr Iﬁlﬁ%@&@iﬁegﬁ% |3|24é of

concentric projections 326 can al so hi cker than the sid

324. 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 confrol, 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 carmrier
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[ 0059] While the retaining ring 200 is configured to retain a
substrate 10 and provi de 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 car ri &ing 4004gcondmured te gEeyrpdgreaialhosusioped mictaieing riag RO0.skike $end a
retaining L4 | | i 1:0Q.. .t f. of
he carr i e e o SRl SRS EE B R edlling 408 o HpbroRl G ol
pad. [0060¥fsa pblishingimadFl G 4A-4C, the carrier ring 400 can have an

annul ar u portig an a ar _l.ower rtion 432. The upper
portion 4%@6@% be pa%ssfig%ﬁ%gl%lgéé%ﬁheamﬁ%egémagggﬁ%ﬁ o] d"QH‘g'
have roundegtiqot3lisndsnahang lbiver porier 4320 Aheupgdr paitRABB e ban B pdsitned
upper surface 434. The i nﬁzﬁ%di aneter of the section of _the ?ovver

portion 4350¢3e bassREsstly { Whandshenhaysrgupded gorions aleng thednnes prdeuterhan

the outer diAdes e itdhpheh Sudis A%4 216 iRRF HiaMBtePbs the GeckiSh e{]ﬂﬂh v %}&Qibn

if the retaining ring is about half an inch wde, then the inne
di amet er oB32has centpets the refridnging 208ds hisblargenthan thelouteadigmeter htket he

substrat e, e | i nghes for, a
300" (12T EER o RE iR ik TR Shaling SR s AIE RS Bl
recess 44%hal thegmet diamatee nf Ghe asreieeringill beTdbeutrand actslaréil thaw thelz@bstrate,
defined by, a vertical surface 442 exiending fr th pttom surface
253 5 horPEEe EhrrRL e dlieRl SOt dma Tl AL aPHER e 440,
ahd a sl ofeeigur f ac ThéddwerPoRRAIA30Gah Be\eGESs£ad 1 Bl iRCRitd dfaricterie
hori zontal _surface 443. The wi dest part of the sloping portion, as

measur ed alGEFes t4ldiaaibe dpBnad tyeryernnl sure AE2 atendig fpip dierhssemedge
of the sl qpimQ 844 BGS At suthe M&s&éndg%%brﬁ %e%%erﬁfﬁne?&\aao?ana%@g@

portion along the edge of the outer di er 440 and the horizont
surface 448tiagegdd zprascingths vierticrl Briage 442rfo gherhoriconphlendaceatdido fbe widest

recess 441 i r . ul ar. 435b pratrudi ng

outwardly .]pa{‘ltﬁ)gmaéns ?\%ﬁéﬁ I%ﬁ‘ {Jalg ?gggﬁs@%nﬁ%zleﬁgmﬁ%gﬁzsg%o& 'E)a}ngb\f\’/e‘f#I H’s‘?ur face,

a sl oped sppéramest edandf therstopigesirfacr 4440 Tha llewveg pohien €dp) earpliave A eounded

surfaces. The wde rti.gn of the annul ar . st .435h, as sur ed

al ong a r&df éﬂnvgcl,cl"n(gitﬁe g‘&?ﬂfglhe Q}Fert‘ﬂ"é“qt‘?fv@b aﬁ%ﬁvpﬁlﬁﬁz%g S“‘%%ﬁ?rggg at the

upper nost [eef2¢ of t e sBEWHIBFIGUBPInASME implementations, the recess 441 is further
defined by an annular step 435b protruding outwardly. The annular step 435b can have a

horizontal lower surface, a sloped surface, and a rounded portion along the edge of the
two surfaces. The widest portion of the annular step 435b, as measured along a radial

'i‘: cross section of the lower portion 432, can be at the uppermost edge of the annular step
435Db.
[0663] 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
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[0063] I n sone inplenmentations, as shown in FIG 4C, the carrier ring
has an inwardly protruding step in the |lower portion 432 along the
i nner surface 430. In other inplenentations, as shown in FIG 4E, the
carrier ring has an inner surface 430 which is not perpendicul ar, as
represented . Qg dashed Ilne in FIG 4E, to the |ower surface 433 of

the carri &P81P Srﬂjh’%“ali‘lf“ﬁc?& Hhceraliews A carier rng i keteaplygetiranicn gleaeipiningaing
ring, the %bong 16ﬁ&l§,rfoxswnfs1§féﬁ ﬂ%@lo@a@mﬂ%@#&ﬁ?&?h%fe& e FOMBR ngra'ncrl]g
as shown in Fl he I nner surface can inery

out war dl y the ‘éﬁmﬂtfd@gt @ven@s tMarrwmng wisers degnopolishingfof thersnbstrag rIﬁace
430 adj acg) eln clined.. The smaller inne
di anet er agalg%g’ﬁﬂécgﬁﬁﬁﬁ dts)fl{vxf/éa% l%gtﬁlF %?éebb ?ﬂﬁlé LI 58 %pfeﬁ‘éntﬁ‘?fﬂ’ﬁm% Pf

i nclined shﬁfemﬁmg ring ahew’életretaifﬂlghﬁfg con@ftk eescaffer g, Inveate surface

allo the carrier. r aterally reference the retaining rin
500 SrBhrraEtots B s et e e oT G ari b b APELS: oRst ween

the ret ai @hdiﬂatérltﬁ'eﬁltﬁ@dpﬁdi‘@ur‘fei%@'ﬁ-’?@&fﬂlbﬂﬁper?;\ﬂﬁf&na@lthe carrier ring
wears duri n((I:] ol i shing of the substrate dition, placenent of

the featurl® t he BBE cuHeng 47& beattached tord bage es;mnplyel\ﬂémaenanmanhag of
t he retai Gt.S e ca r
I sone- | ot fibd SheRbdfo LB RAinD g O AR i I\ onfR s S 4t
432 has a substiiateclO. iThaeppaipertizned3 | tofithe chiver tipp 400 &mﬂ’lﬁﬂﬁ(ﬂa Adiadedal t he
upper portion 431 0 41.The carrier ri can be attached to a base
ass emoloy P ‘ﬁg LA O}qtﬁlgo t%{?ﬁ?wa%ﬁﬁ@aerﬁowgw% &d a
ret ai ni ng stietvg, ol‘@&eﬁhifdﬂﬁie fop seufibgele cafir 892000 Foass Qs%kzh fgqoloThJ he
rical

upper porgl‘of)n i the carrier ring 400 can include cylin
recesses PRSI %an?if’fzev ﬁ’ﬁp%feiiéwug%%ﬁgie( Fibg- Bwem)nnpk@w@@pmethe
fast ener s hoRian asnhQkichd oF&" tﬁé!‘ﬁonz%ﬁtapélﬂﬁl:: %ﬁe%gﬁl S?grl{arx'mﬂ Iet he

carrier ri n%w400 to a base assenbly %e hol es can
spaced ar @BpPVHE FEG 4 the holeggan bmlosiﬁmaentmﬂf ebaistthe ﬂatde;wextsluﬂ‘actecﬂ?:és

412 do not ce 3 of the rec .
for oy amo iR, BEE: b RO RN AeeS I Spdies s A OBIGR TR o
above t he shéwit), taovterdosuted cocthbe 4PInrfAatdi3tiof trlupper poRtorOf3 10MEf e abmgﬂr@gﬂt
f eatures, ,such ,as _apert 0 ro ot shown), can

| ocated ot HEAliERpe ‘i.ﬁple’%% tﬁ‘ﬁj?a%f eﬂﬁ’bﬁg“é‘fa& Y"t?‘b‘ﬂ“&%?ﬁld“}&l”flﬂﬁtmates
carrier rivig theslightet AfRRORWheARBE badk @sseinbE 102980 BRFIEN Ay ard Qfope R
have a co% ﬁondl ng pin that nates with the alignnment aperture when

t he base ly 104 and carrier ring are properly aligned. [0065]In

some i npl ¢pga| at i ong, So},{bqn{f?ézn‘lén%o 4 AE A0R, ﬁﬁ%4?@; O(if]gg?%rﬁ)r% q“gend

slurry transport channel s on ottoms
fromt he ishivairagsnomtechannel 422 tb@lb@tondslafmG 433 thht Q}dlmldlfmmethepmretl on

(a2 Lo Pl o BleLleY aloh RARE ol A B S aB rO od D) BB 80

the carrier ring 1 SKHi n
spaced ar dwnktdrimetoctae mtenorroif r.ig caEaac: bing dukingy/pdlisking PTLE clehadnel? éh%%ec an

be of fset at ,an an ive to the radi us_passin
Chr ough t R SRaP e et pioriging. Fiath ety antpar aharael FHoipris puRpist

422 can benahglgres 45°1 Rlatketd @k ?ddms'iﬁss‘i fh@:dﬁ@ﬁfﬂ%@:‘lﬁmel NR &g to FIG 6,
enbodi nents, the carrier ring channels are wider than th §

ret ai ni ng e s3I fiag fannels 122 can boslisngd with feyretainingng chaneels. rlssbyiet o
channel o 5350 Rmehiing SRRl 268 up Sler REATRS R hiange ' "
i npl ement 222 @ﬁswmgh@mahomaamone@:ema thiedstedoenfahe retising Hingooh el es
21 owt ng. SRS Tt o SatRITR ees e mwdih Ghevbu T e Pseer | or,
fromthe ¢oa66]i or tIndohr itnplepicn@itiond)theldaBice ahg Y has one or more through

holes that extend from the inner diameter to the outer diameter for allowing slurry or air

to pass from the interior to the exterior, or from the exterior to the interior, of the carrier
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ring.during polishing. The through-holes can extend through the upper
portion 431. The through holes can be evenly spaced around the
carrier ring. In sone inplenentations, there are through holes in the
]E:arri er Iri ng but not in :het retaining Eli ?ﬁ Thlﬁs{ hf I ;thd ehgh, I wat er
rom a cl eani ng, syst.em at_is spraye rqug e through holes in
the carr| iy g mpp b ﬂﬁ&wg&ﬁ;ﬂie@rw@ﬂgﬁgum@egwo@ PrabeThs
e ret ai nhigigh hbes cdnBESevehi9apicRd d tHeRaRiePRhyY iotkdl N9
and retaini nggri ng?cl n ot _hek9 ?np_l gr_rent ati o_nlse, t%ﬂ_eaglgboar gmgﬁ?%&}%ﬁ"‘ffm es
i n bot h t Heeigarathequgh hiplgs Hthe autier ting hwé nptdn dhavietaining rigg. Bhwd, kg e.g.,
t hrough h J t : I ] s _through both the
carrier r%ﬁéraﬂ;\é £ h%éaggggyﬁ%bﬂ%itlﬁgrhﬁeﬁ ﬂ\gﬁlé#]h @%%F%%ﬁog R i
t hr ough hoVvidisbetfhishedydovirtverrd along the outen gur&@6 of the réteiningeingaiies veatidy the
Fipl errent SBFGTE TR S e A A GRINRG1Es TH ARG R RSATE MR 5
i npl enent n ), [ S > a
portion ofthidngh helesint@itHhe chdfiaf risEbitetEShd REifi8E AhNiAE tHe tﬁl%uﬁﬁ Ry
than through the carrier ring itself. [0067] Returning to FIG 4A-4C,
in sonme i At alrasd 89 fehluidivid Passibrougbath Sis capier siag andithe retpiningwingd ly
prot rudi NGyt fnfldfe@hiting, tht SrdbidRShles Wb aGE: i 1\’&15";?% t [ a
verti cal iﬁ_ner é/a_l‘la and_’rounde pgrtiltllgés a!hég%_n?t_s @Beclrgﬁg%g{gls%\?\gr
edges. Thewigihowrwidénthen the thigeehdwiesibrouglathe retmeingding260.cn egueal to or

L har o el ARSI . Aol R0 S ol i B d PG e e 4
retaini ng_hchsig% gmhal} suémomibs thmamagrigg,irgmsn thmtm@?mhmrﬁéangﬁselt he
carrier ri I N udes (0] | . nea J nper surrace an an

i nwar dl y ﬂﬁ@qﬁudi ng “FCREEAS & lgllrbf‘u%éb‘#g iy $9ms Implsineaiations thegipper pastiandiin

by FI G 4H.cah hevd dh1Wa8Ily ha68ding lib hgo gehg itk A AOB NG @ﬁé‘lgﬂ‘as 2
inwardly protruding step at the lower portion 432 and a sl oped I nner

surface’ t gtticekinpgioyaliang rovndsd pertipns plong oernsnnddowenedgeo 0B®|tretrusing
i npl enent agj al ' I k r
portion 4%%’| 4(?? %ta% g%\grﬁrl%“garr E&*‘?ﬁ’g&é’ {éﬁ ?r%g[gg%fth%ﬁl% g‘?l grn‘ﬁ%r%t?g?ﬁ té‘?gmﬂ’ %?ée
upper por tThedip48? cemprovislefadanddopfo eagrgetibe lipP3T togirevient omerextensigh df thhan

L1 e SRR ST AR TR e s o

al umi na, dncledesdothendaciired iynenair€iace ahdan hHrardlPptrudiap lip @89 4B scabikee

formed of .a teri,al which is emcal]y inert in a CM? process,. such
ne. 5 pl o plEREARNOns, £ PRIt hoeahoHEe  PEERg of o BeR! TRE AL B HeEk
Tef | one( 1 anfihkvar@l Jr&RiSindaby athdlioWNepdrRADI304nd% SGHA Pglet SurfiRE Bt A -

[ 0069] When the two portions 431, 432 of the carrier ring are j ol ned,
t he upper mghinedeetvwardly fram kofer 1deR-i on 432 is positioned adjacent to
t he | ower ace o L : t i

goner ol |y OG0 pot it HAhorRlobt Aoy e FIE R MPuRE bR 431 apg e
out er di alewernmritm 43Reif theawjrier eing apunéidecd<liffaet nahadalst Hae tipperportionons
431, 432 farma, flush,surface re_the.t. rtions 431,432 el .
when thoy ‘2 Bufe tei30 L ARG BT i PR BaRetesien &85 e feidh

bondi ng | ayseriad 3 leed werl) eig\atainladjswel Holyhdefidg &% 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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[ 0070] The | ower portion 432 can have a step feature 438. The step
feature 438 projects vertically fromthe | ower portion 432 into a

correspondi ng recess 437 in the upper portion 431. The step feature
438 is an annul ar step adjacent to the inner dianmeter of the carrier

ring 400. The s&ep f ature 43 ends rdly froma horizontal
porti on of PPHAN GHISF ARpTHIHpt "‘“Tﬁ a@éfi"g@"a“tﬁ‘}?}é‘h&%@e trapetions Bl fer

di amet er walkh aGfush E\ﬁfdce\eﬁkmrthasx@p&%ﬂszmt@z R WD they B AB&E@S’Phc‘l%

in the upper portion 431 corresponds to the step feature

when the |awnsler patipporrndgatiaghgd wpiberbopding layar mbwgenbh@ughacent

t oget her, ?%tep feature 438 fits into the recess 437 of the upper
portion 43T. e recess 437 can have a horizontal upper surface and a
vertical i[00%0] wal | Tietlower pootionSQ qanhiveistep fatarM38i Mht elp fiaairé 438,
the step 438.is only.a janer i aneter of the Iomer rin 432 and
ot o Ehed el bl bVranteS T Rl Sttt i ave
no other sifer didor 3T, EBRMAGH BB ISal SALMF 88p AjARK bRRNInhLM SR

438 and recess 437 at the _inner diameter of the carrier ring. In sonme

i mpl enent aQ fitenearrienina Qe Thg stenjearg 488 erignds epepdlst hom adioyzenta pertion
the step 438y I&ulei‘ﬁn gge S’Phe“s%{p RlndRsGRLEL BE 1r[d)%fe1¢?italé1[3@g§r%l]el §gﬁ1@gmi«e9r ce

generated during rot t|on of the carrier ring

hor i zont al ridgislahrizgniabyetion.| Bhemeess 487 mthgup@@t)portlbeﬁl emrefspmda teethd 8i8p
transfers ghear,.f.0rc eSS|ve on t er 436

al ong the %%tﬁe P& s ﬁﬁ ‘P’%‘%\Hﬁ? T pRrgio %%m? e‘%ﬂpurr]%o %ﬁi'lar’l%g]foluﬁ sfer .
of shear fiopeBer me@mﬁﬁémmseﬁisaﬁmahmc&sbesbonﬂb Gfpdr pyRion436. TRAMERS { 3
t he Iikell$ood de anlnailon of the omerzﬁortlon 432 from the -

upper port 38rf=aa Ve Harizonte! Bierer surfase ang ¢ yeatcal ings wall viB grrounded gprtion.
feature. Ain%@metixﬂﬁlehéhﬁhaﬁs ﬁﬁrs?e%SBB HQ&H}P eAhdnbBaiQes @fQHé RwefRh{ 85

of the carrier rlnglre ative to the polishing pad as the carrier ring
i s pressedinddtnotad Eerpsterdinangtes) ﬂbﬁllh dhergeriar ging 8% sfaz heeaind othenstapeand

| ower port 4

the vert] caperidinedel e rlRRR (Mlor i HERELARUER R8st AR ekl
bondi ng | a<yf€the dBGerragaUs eomé irhplememtaticnasthe bénc!smglhméBénma ektend trethe

i nterface. di are I reduces the |ikelihood of

ol an nat; Bt e SR A B bR 22 B SRR S pper porti on 431,
Further, tfee7tjondi ngSHeayRorceddferaled dgriigi@tation bf halcairRNEhg Yot fFHBSOL HS
stress resultlng fron1 eve t hermal expansi on between naterial_ in

the upper opging lay criier ging 4081185 Fiep Teafient3fdrappisrsghearforce

steel ) andmtd%ﬁfrés@ive'f&cé Bﬁ tﬂe%ﬁmg@c{y%f% &%tﬁ@v&twal%ﬂeﬁﬁﬁﬂ boF B diep"
nor e Corrpl iant material such COTTpOSl t

i mpl enent aferiresd38e Ipe tragsfenef shearforosio epmprepive ﬁucmn thp frendipplyer 436
portion 43{edﬁ‘&g tﬁeﬂ k W& ofRakdi 'ﬂmﬁ%%th%_}%&ré}ﬁ)oﬁfbr 4385l AY uﬁﬁ&%r LhRg @ ("
ary g

si ngl e uni sane na erra carrier can
be fornmed 431 mamtx emtalm md:meafnng withent acsidyl ﬁeatune lﬁlsu thed atedPiopeas pesinced

such as a herether et one carbon filled
PEEK, et | BHEppoRtaraasioBRr i F i e e AR POTeHhb e g oy mier e
material . {sQPhSddiltieagabift ﬂh@ﬁ@hdhiﬂ@%aﬂh@@an@ﬂ@reﬂ&oﬁﬂﬂé I BBrtio 432 to the
circunferentially surround the edge of a substrate 10 tg retain the

subst rat e, bate pf BiRiuppe neEfRsy B e Isediiven, thegiexical nprrgtleorgvides aprpiemt
UL %@rrgoareﬂogm %}ﬁ&%@a r 54 ‘Sécﬁlsf' ?’f@?%ﬁ&% bRk e kEY¥rGhe a

flexible ere only one- I the cross section of

t he gener alnfterfasy.nfiiet laiger borslvigrren ateonisrdanse thedikshiwd of Eieiamih]aﬁsn ghiben i n

FIGS, t heloueleécln‘ttllon 45@?;81&18‘5&9 u}?poe(l3 pgr?ign Q?i/ rdadE q%rb%ln!:l%g 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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mai n.portion 510 and an outer annular portion 520. The nmain portion
510 provides a substrate-nounting surface 512. The outer portion 520
extends fromthe outer edge of the main portion 510. The juncture
between the main portion 510 and the outer annul ar portion 520 can
have a peripheral edge hinge 530 and an annul ar recess 532, |ocated
above t he HeAEE iIBHG laverpriont Buean aliss Fgigformse cumplianhmaistialsuplba t i on
520. The } —edge hinge 530 can have rounded portions al ong
its innerggﬁgegﬁﬁgkﬂgarfaces. The peripheral edge hinge 530 and the
annul ar r 8684 532 daroheimpahegationd, ¢®, hewadnBIGRAE, 4G apd oM thg upfee

symmetry of . oagdin he_ per.i f the substrate 10., [0075].Th
olror o o R R do e REGLPRE e 88 el e R B S0te i e o
out er wal Ithe WiteoRateflalc Ak ngilidre dartier dhd € He Fernidlo®h nafdHal dhicBGE ti on

520 to flex. The outer nul ar portjon 520 can al so_have an annul ar
step 524 pﬁhawaﬁf Mg 1H®ZH\4§W°&F%§‘°P 852 Plattiss e-gapplyetherstharksiama (PEEFp

524 h ; ' b Q): 4 | - .
can hayg,ol il PEERQ TEAdn® ﬁnf‘a&;*s@f:%(b;%ﬁ%mﬂﬁ%@%%@? 2 Sgeﬁ@ésu%%aft&ﬁfs

[00761In some inplenmentations, th _ e nme an have
several arf®T3r f| ap¥hilerthe reteining pog 200 is Bafgwadtoracemfaentialy soenindi ¢

annul ar fl ti O_can ha a ir of
onnul ar 1 Ab8eE s feth (AR BS AR ERRNEND Sofidhe s
annul ar poeutfacet 1220 noant thavebsaatadi Fid tSashopos bartial Gdd-seatcRpldiiag of a
i nwar dl y 'tgﬂa thib(_:k rbg 50. The tﬂilﬁé(f i ms 550, can, be configured
to be seculEhs BoROERER%s ﬁ%‘?‘igy%el[.a R EFRES Sertiqn & thegenerldy Gpper
af_jnul ar flsgpneaic Maisle tmditraeadnil@wnporti on which is narrower (i.e.,
does not extend as far invvard;I#'% than the lower annular flap. In
i

some enbodP¢ht s, t K& sBawRM Blith o the igdbleimambsans 308 samhaps acgenemiy flatr
triangul ar,fRbbkien 5168964 m&tg%hﬁlgpé((ﬁ;ﬁ?rﬁﬁd I83S$napd ﬁor‘ﬁfm B‘E@?LB.@{HES f

annul ar flaps 526 can be connect ed e outer annular portion 520
t hr ough t tsubsiieterinowsfingfsurfaee Han The puter patiorubZirextends from. the 0@FAdghef the

i nner nost _c; i€ & I connect.ed t maj n_portion
510 can | ALDEg g pEoT DR Bnc PR BORIRRENER 10 e e JRUF el 1 i
rim whi clpocam 326 cawhivegupesiphéral dige himge S@Waddoenaanhalatreass 68h | 1ycalds,
and an annul ar.angl ed,portign 560. The annul ar angled paortion 560 can
be j oi ned 8‘{%@8%&?133%{%8 S ﬁ’agfgﬂ’&r?&yef ﬁ@lﬁ%%ﬂmﬁp- Eg? pqrm%erak

t he annul aggd hiage 53BcanHate ARMABBForAdHs a8 RQ ikrdeP I BGRerGafadlaV ehd

| arger radius at its juncture with the nain portion 510 than at its

j unct ur e IPHPRTHEdERRINES AR Gandge gl rqcetASR TAR be eandiguisd t@ beeasepliant,
concent ri GmaRRHsahe §YriReuy dBlosARE 6 e YelipheEr BB Eibstrate 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 annular 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
inwardly 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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portion 510 can include a vertical portion 570 extending fromthe
main portion 510, and a horizontal portion extending fromthe
vertical portion 570 with a thick rimalong the outer edge of the
hori zontal portion, which can be configured to be secured to a base
assenbly 104. In sone enbodi nents, the horizontal portion of a
concent r i da@nfusane embgslimans.dhhowensanglaspaitipes2Q ¢andryreasamnhlanrishgular

verti cal tdnO M PO 11 ' ﬁg}]u f'aag]{, I

I mpl ement gjt% ?todrill’s, (ft_)%e gé%gg%pgﬂ@ﬁtgﬁdréﬁ% erér’ms alfhzlgﬁ%)gr?? ? ?%:)I{T%ncr?&fl %Fed
fl aps 516 teére duter enmulararoridonf20l throgglnthe fretiioes afith¢ alnufo tidogulat portiemngt h
of vertic rtion.570 between abaut 1.5 an .0, such as about .

T b 100 TR oms TP esiniT SPheBREY st 3L cPinegid o BR sBe tion
have one @10reM gicluddahbakémalpofttonRAtealias o(twaedly wih aahRK ki, Wikdasabe A
concentric apnular flap 516 can have a notch 580 at the juncture

bet ween i tSSPRBFPS WRCAECEET 1o ppsapdernbly 104, andeaenpdiangledpygionpie The
not ch 580 ;630 a2ddsfd ﬂoﬂ?ox{SlUO' &RBE j%JineQIQJreré%H i m{nﬂ%oﬁﬁggqg%é& ﬁle?lgﬁkﬁnﬂl

flap 516 to flex vertically. A concentric annula can have a
not ch 590 rertigntad thagrepiar dapbid Theenmalanangbad:ronionsSi00 . caT heveradtughr B38i0s
can be confi t.0: ] Lons. in the main rtion,.510.
(00801 1 1 ahir HnFhud ik B8, RORB) S1TIRRR: bRt e Rogodth giron
carrier hqaa7sjor CVTheded aatmoat Gnbamdc assemiihys S1G4onmdttedto tHeakain

retaining rin 0 positjoned. beneat h_t he base assenbly 104 and
confi gur ed’om%cﬁ%gd* ”é’:l”éfﬁtaivﬁft}cﬁle%oﬁ??b#ﬁc?xﬁ?am@éﬁ’@ mARRHEER at G 2ndha
to retain Hohgozﬁalq;@mcﬂimenamfglffosﬁ thie vetichll Rori@Ioraeh S08kSHARRAs #R outer
provi de an annul ar chanber 350 positioned _beneath the base asSenbly

104 and als8g®ok the hamgantad portiopawiirkhean berfgniaged 1o beaepyred tord hrge aembly
circunfer i TTafel : WalB '

[l exibl o roabib e SEbaIchd i Reh AR Iofd Qe 1B AP SEOAR |
the vol urhaves emeléd thicknsesthay the virisel mssenBi0yof igtcoacmhtdidensiac faw In

fl exi bl , . ' i.zabl h . 10081
X0 TR SR L IS LIRS NG Sach OB T o
menbr ane 5a0e & mtiolvd Idogteofdnsienihlypoltih tddngtlpofivettical pdriyor0f 70CRACRA Abd1E

clanp rings, The.chanbers c be configured to be successively
narromer,glréﬂ??ﬁa'pregu ?Fe"r"&‘?ﬁ%ﬁg@harrber to the outernost chanber. The

second outggTypst Cchanbghic iniilérhéhtithon A lahAhby14RS16NS5E Y KhfEone or more

peripheral edge hinge 530, is narrowy configured to provide better
edge cont rAadenitionher novthes Hien g gpnularaedssds ¥y oneentiooeplarfan S theanibaye a

can be f1 ujoghVseptRle§ehctte BESRAIRS A RBhtaFRINEN add WsQHBRal portion 570. The
notch 580 can allow the horizontal portion of the concentric annular flap 516 to flex
vertically. A concentric annular flap 516 can have a notch 590 at its juncture with the
main portion 510. The notch 590 can be configured to reduce compressions in the main
portion 510.
[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
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t he base assenbly 104 and housing 102 to an associ ated pressure
source, such as a punp or pressure or vacuumline. There can be one
passage for the annular chanber 350 of the first flexible nenbrane
300, one passage for the | oadi ng chanber 108, and one passage for
each of the six pressurizabl e chanbers between the base assenbly 104

and the setbpe FPEsd beteeprths bastassomly {rand thoseapndofiexdhlymembeass 40@ s .
One or nOrg,PAgs ARSSirizhE b pase assenbly 104 can be linked to

passages in the housing 102 by flexible tubing that extends inside
t he | oadi N§0&Fanber The@rassurizabls ichenbednecande forredbgathnd@fy the second

Pressuri za | f e and e force led by the

associ at egﬁeg{ g%“fﬁe%ﬁ?“%%?@? ﬁg%&gﬁ: hasﬁcﬁlﬁef“g’ﬁ' g%o"“@?as]ﬁ%llw GBS Rne

500 on t haimgeb$he cambifl, caf &8 chEidurediap 8o eeREdsHeEARbMeE 88m Fhirsermost

permts diff enta{%ressures to be_applied to different radial regions
s

e
of the sulfSFPITC MR chapbsrg T t FrePRbguteEAs g abpi yhichrs partially
non- uni f orgerip&Ql 62381‘8!3 BaripRiA Sdgd lﬁ%&dﬁbg 1s 9@150\;1 | oRfi ?lﬁ?ﬁ{o%r%dé DSiter edge

r et ai ni ng rln(% )0 can be varied i ndependently 5 e ‘pressure Irrthe
chanber s derir¢ieyring pelirbingafithesvdstB%0 usi ng chanmber 350, and the

pressure e carrj I 4 . var i relative to t

pressur esc[g%gz he ret %?‘%)i {1]1'891 ?Frncggfggﬂgr??gcquﬁfefl ﬁ;’g' Pgﬁfgﬁfgé}lgt Sb%‘f"?ﬂgﬁ’“%]i‘/

t he menbr dhebfe8ssesblyd 0 hed hoastiign2ab anbencidSd pref ARSI eNHEREE a gimp
enbodi nments_of the retaining L0 00, first flexible nbrane 300,
the carri 6F PRPIHEC S0BS SR F0p T il e SRisBe R aRate Smbeniso o the
descri bed faizdkgiblmambant 50, ORP Piseslelfbr the R28RE ch@&hbd? 888 and one passage

[ 0084] Gen%r al | he, carrier_head can_further conprise ‘a housing 102

Y, s
connect ed ?roeaf’%%f%%‘é PEGSSWRASPLE chambags betwseit the brss @ssembbe ] Weand thaseranda
drive shaffe i hsac ' . I :
al um num ﬂg}é@%lﬁ%ﬂﬁ&;aﬁ% g}@rgﬁosi t 8&?31;43 if?ﬁ&&% éng rlalf ?13 %@%5@4%8% 81% b{aﬁee
carrier hesgmbinl 04men pe dinkeslinpassdggsie thedwasing 1@ yolléxstie ndingettlat ektends

sonme enbod|] : applie he carrier. ring
400 is gr ggsﬁ%ﬁ ﬁ?ﬁg@lﬁg Re goﬁ&ﬁ? g&ggéésj{glgrc %%g]bfﬁeialgéﬁy'bé‘ef%@z?t&naﬁfﬁ?%
ring 200. clidmberznditler fordicrappUalbyciha adzeciatd sagRibnObf the MRTpOtieH T10 of the
mat eri al than,the retalni ng,ri 20 resultjng in the carrier rin
weari ng a%le’él%}edﬂgflbrﬂté? %ﬁ%ﬁﬁefﬂgnﬁéﬁgi HRRG en%dev%cqnﬁal% To#is pogmits
r et ai ni ng diffenent 2RGsuRERto b ApElasdrth @iffokdnd ShdB0 Lot oPhe @GR dufingd] USt
process resylts. In_particular, the polishing profile on the

subst r at e PEENE: Hisraby campersatingipr renriifose notishing wtes. dmadditiestere to
each ring &Qﬁﬁ]geﬁﬁé% j Wl ' . have
slots or ﬂ%gggﬁ'l Jchhglres, as | ndio?g?iéglvgyaﬁ ﬁ&eeﬁglgds? E%%Q{@%g%s%ggﬁ%@‘ 1,

t hat ext egbenibeshdafined by fhermerabrere F0028hetcbambe 3601 2 teuprbssare @3Be of

e, et B Bl KOO, L8l RSB AT

These sl otkamtizens ddfingdbyitemerhintuse 300 usheg thealordieg clgadr 168) and can

Perut o GERAN° 00, ATRmE S Rodlthtdof i rtaintng ting 500, fist Hextble”
membrane 300, the carrier ring 400, and the second flexible membrane 500, as described
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
carrier 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 carxier ring 400 can be

21



”~

[ 0086] I n sone inplenmentations, having notches 580, 590 in a
concentric annular flap 516 of the second flexible nmenbrane 500 can
I mprove polishing uniformty. A potential advantage of notches is to
i nprove polishing uniformty when there is unequal pressure in

adj acent chanbers Specj fjcally, when there is unequal pressure in
adj acent dRERBHE mogaig %%@HP]éh?lhfh? Friaiping Hing 2AQ geutingtia Miscerics gg t o

bow the sepakak b WidetPutd Mhf tetBtalnd¥ ; I LRaROBFRE Eetaxlﬁg ﬁg%@%&’f

the separating flap can lead to regions conpr essi on
portion 51ibe erjiergim300san hevst@qﬁetpadjrustgmﬁdesqresuhssmpamgalamthapohshmg

uni nt ende e uni.f o I S ,
naving a M5EE SRSl Syt L e Be MG e MR B s B
vertical pomgtion 570 rrakes the annul ar flap 516 nore flexible at the
juncture. |.§ reduces co si on n the main_portion 510 when the
flap bends‘g@(ﬁi to u rﬁg\g%ﬁ%ﬁﬂéf ‘?W@F‘B’b%/n?%%‘?%m%ﬁﬂs@hﬂﬁ@}lgh

uni for m t yhole) Mh&ibaté@@y ﬂ@ma.%d@iﬂa@ﬁmetl OthaY dxRd tHden R RaRPLFEe 23110

annul ar flap 516 to flex when the pressure i s unequal in adjacent

pressuri z ébmeercwaﬁwe%? riheustaining Hes 266 for pléovaog Slaistto ipessdromutheintetiap
516. Furt nf

P10, ot MU RO oS00350 R PR " ST B0
pr essur i zabiteindhapdygershend il 6 gind ¢angraddicemears ¢o aasiudaessfshayy b tHeo t he

mai n porti.on .51 o.re e conpressions in the main portion
510. [008??%Fﬁﬂﬁ%gﬁre IHB%BB%gﬁ@nts of the invention have been

descri bed.[of$syer t heIh@S@ne ilﬁpl&!mlzdtathfhs Uadiag sibebek 380a5904aral @H&entric annular
nodi ficati ons rra 0@3 hout _departi ng fromthe spirit and scope
of the i nVBRCIBAT ﬂ’lﬁd‘PC TS 0L ErQyS REUTNRE EIRFIEY o

flaps 216 pfentilidoss ffﬂo?c’ﬁlaé)ﬂs%o W%sﬁﬁ@uﬁ%&ﬁlﬁ%&ﬁ@ﬁgﬂg dﬁgt?.la?d

portion 560 instead of an annul ar verti'cal portion In a
not ches nayesswe in adiageatichamberse Speeftablyowhen there {5 wrhugd prassue usamncexat a

Lt e Mo, DR UL R SRS 8o
i mpl emrent ghé kmmprassmevdhhinba {The bewopgeofdfe sehaating ﬂap\Mangeadlt@ragBms oPHAT
IS CLAIMED IS 1. A flexi J ape,. Gonprisin mai ortion
wth a | oWERErPce ST BUAGE L) Suteet 8O seEAmbie s ersbe &
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 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.
[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
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an outer annular portion extending froman outer edge of the main
portion, wherein a ¢uncture between the main portion and the outer
annul ar portion conprises a peripheral edge hinge and an annul ar
recess above the hinge along the outer wall of the outer annular
portion, the peripheral edge hinge having rounded inner and outer
surf aces ahaat@cbwrtﬁgw@e ol veticad ppitipn AT0, atfincture withwtheanmulbrenglfelaps
connect ed : r i ; i vi.de vol une ve the
mai n porti%ﬂn@£$%9g£%ﬁﬁga ﬁ#%lggﬂ%ﬁg g%§ﬂ9 éﬁ%Pﬁ%OFP%§PH} menbr ane
i s secur edAtmrdinglgratheimpladntations arsvivithimithe dchge dfthe Soliowigy clbibaps
connected to the outer annular portion conprise a horizontal portion
extending inwardly and a thick rim the rimconfigured to be secured
to a base assenbly, wherein the two annul ar flaps include an upper
annular flap and a | ower annular flap and the upper annular flap has
a narrower horizontal portion than the [ower annular flap. 2. A

fl exi bl e menbrane, conprising: a main portion wiwth a | ower surface to
provi de a substrate-nounting surface; 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
peri pheral edge hinge and an annul ar recess above the hinge al ong the
outer wall of the outer annular portion, the peripheral edge hinge
havi ng rounded i nner and outer surfaces and configured to be
conpliant; and 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; wherein a first of the plurality of
concentric annular flaps includes a laterally extending section and a
vertically extendi ng section connecting the |aterally extending
section to the main portion and a second of the plurality of
concentric annular flaps includes a laterally extending section and
a di agonal |y extendi ng section connecting the |aterally extending
section to the main portion.
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3. The flexible nmenbrane of claim®6, wherein the first of the
plurality of concentric annular flaps is an outernost flap. 4. The
fl exi bl e menbrane of claim6, wherein the second of the plurality of
concentric annular flaps is an innernost flap. 5. The flexible
menbrane of claimb5, wherein an innernost concentric annular flap of
the plurality of concentric flaps conprises a horizontal portion

ext endi ngwo™Warel xpvieptiRi ck rim al ong the outer edge of the

hori zontal portion, the thick rimconfigured to be secured to a base
assenbly, and an annul ar angl ed portion joi ned between the main
portion and the horizontal portion, wherein the annul ar angl ed
portion s a uncture with the main portion

t han at P?s jJ%ggﬁggrgﬁgﬁaﬁ%g&ﬁ'ﬁﬁf%ntal portion. 6. The flexible
menbr ane of chanmn&pﬁumeméunbamrmmﬁeenngwdaasdmmnken@nMuganﬁkbap of
the plurality of concentric.fl aps cogfrlses a v t%ﬁﬁl orti.on

ext endi ng froff{HE" ABY mﬁ@ﬁ?ﬁ&ﬁ nging {fqm) g Pupr RHPHg from

the vertig@reiR@nircite baR@ethHe MK pérkioh ahd@g chike adihl R hoRRERoRbritRe
hori zont al portlon the thick rimconfigured to be secured to a base

assenbl y.peripheral qlgekinge andyahBmale recessmbpyaing fings aleag thewiarivdl akither a
| ower SurJu?é}%nﬁtﬁa o%{(%{p%eap{ceflgpéﬁlreﬁgﬁ?fgggHﬁ\hf?@roﬁlﬁﬁ dAfiffer and oute1 Qf'fagéjst er

annul ar portion exten m an dge” o e nmain portion,
wher ei n amﬁunmﬁmneibdtmpamﬁmhemmbin portlon and the outer annul ar

Phe. hinge. al oo AR BLLAER GBI eRfo AR BLEE AARTICR B DR TR

peri pher ahe a@@aoitidtoiatd @Mty SUReBBers Aheh tiTbxbid ﬁ&m’éﬂhé acRsuraded a
configured to_be conpliant; and a plurality of concentric

annul ar f92H{% hedhnected to the main portion to divide a vol une above

the main porti@RdiRti 1doRhHIZ 4 c91§n CRADEESY Qﬂ}m‘ifﬁ' obtlo® b ﬁse a
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2. A flexible membrane, comprising:

a main portion with a lower surface to provide a substrate-mounting surface;

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 and an annular recess above the hinge along the outer wall of the
outer annular portion, the peripheral edge hinge having rounded inner and outer surfaces
and configured to be compliant; and

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;

wherein a first of the plurality of concentric annular flaps includes a laterally
extending section and a vertically extending section connecting the laterally extending

section to the main portion and a second of the plurality of concentric annular flaps
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8. The flexible nmenbrane of claim 10, wherein a ratio of |ength of
the horizontal portion to length of the vertical portion is between
about 1.5 and 2.0. 9. The flexible nenbrane of claim®6, wherein the
second of the plurality of concentric annular flaps includes a notch
at the juncture between the laterally extending section and the
vertically extending |lateral section. 10. A flexible nenbrane,
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5. The flexible membrane of claim 5, wherein an innermost concentric annular flap
of the plurality of concentric flaps comprises a horizontal portion extending outwardly, a
thick rim along the outer edge of the horizontal portion, the thick rim configured to be
secured to a base assembly, and an annular angled portion joined between the main
portion and the horizontal portion, wherein the annular angled portion has a larger radius

at its juncture with the main portion than at its juncture with the horizontal portion.

6. The flexible membrane of claim 5, wherein an outermost concentric annular flap
of the plurality of concentric flaps comprises a vertical portion extending from the main
portion, a horizontal portion extending from the vertical portion, and a thick rim along the
outer edge of the horizontal portion, the thick rim configured to be secured to a base

assembly.

7. A fiexible membrane, comprising:

a main portion with a lower surface to provide a substrate-mounting surface;

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 and an annular recess above the hinge along the outer wall of the
outer annular portion, the peripheral edge hinge having rounded inner and outer surfaces

and configured to be compliant; and
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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,

wherein an outermost concentric annular flap of the plurality of concentric flaps
comprises a vertical portion extending from the main portion, a horizontal portion
extending from the vertical portion, and a thick rim along the outer edge of the horizontal
portion, the thick rim configured to be secured to a base assembly and wherein the

horizontal portion has a smaller thickness than the vertical portion.

8. The flexible membrane of claim 10, wherein a ratio of length of the horizontal

portion to length of the vertical portion is between about 1.5 and 2.0.

9. The flexible membrane of claim 6, wherein the second of the plurality of
concentric annular flaps includes a notch at the juncture between the laterally extending

section and the vertically extending lateral section.

10. A flexible membrane, comprising:

a main portion with a lower surface to provide a substrate-mounting surface;

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 and an annular recess above the hinge along the outer wall of the
outer annular portion, the peripheral edge hinge having rounded inner and outer surfaces
and configured to be compliant; and

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,

wherein at least one of the concentric annular flaps includes a notch at the

juncture with the main portion.
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