SUBSTRATE EDGE TUNI NG W TH RETAI NIl NG RI NG TECHNI CAL FI ELD [ 0001] Thi s
invention relates to a carrier head for use in chem cal nechani cal

pol i shi ngVOBACKERGWND [ 0002] An integrated circuit is typczaiskyrifoessaed on a
substrate by the sequential deposition of conductive, sem conductive or
insul ative layers on a silicon substrate. One fabrication step invol ves
depositing a filler layer over a non-planar surface, and planarizing the
filler layer ynti tpe non-pl anar_surface (s expgsed. For. examl e, a
conducti ve fidUdBSIARTEaRIMerteldddN NG o 14 IdaRite lelINGe | ayer to
fill the trenches or holes in the insulative layer. The filler layer is
then polished until the raised f the snsul ative | ayer is exposed.
After planarization, the portioﬁghgﬁN?ﬁglt% ductive layer renmining between
the rai spdopat t er nThik itRatidmeldtéed to\uecakray ead O My Inahemdaligeclranécal | nes t hat
provi de conductive paths between thin filmcircuits on the substrate. For
ot her app?lisE®€i ons, such as oxide polishing, the filler layer is planarized
until a predeterm ned thickness is | eft over the non planar surface. In
addition, planarization is needed to planarize the substrate surface for
phot ol i t hogr aphy. [0003] Cheni cal BACHSGRQWNPol i shing (CWP) is one accepted
met hod o narizgti.qn. Thi / i } i 1 res that
the substt?8¢E be. mnieerhy TRt RFRARL LR FEL ISR SN Ko B T
subst r at écpositiby pf calduytiyd, sgedoadiating br Msilatiad iangs pohkisiliongulpadte. The: carri er
head proyides . a controllable | oad on the substrate to push it against the
pol i shi nibpsationsteponyIKesAsPP+iting & ,ﬁ%%@ﬁera)yeaa 8Rrp }ayawufﬁcwfl%gﬁ%ﬂzmg
particle i i i t: e i shi

FB004] Tha hFr R L R Sl P P R B PRSIy
push it can be deposited on a patterned insulative layer to fill the trenches or holes in the insulative

layer. The filler layer is then polished until the raised pattern of the insulative layer is
exposed. After planarization, the portions of the conductive layer remaining between the
raised pattern of the insulative layer form vias, plugs and lines that provide conductive paths
between thin film circuits on the substrate. For other applications, such as oxide polishing,
the filler layer is planarized until a predetermined thickness is left over the non planar
surface. In addition, planarization is needed to planarize the substrate surface for
photolithography.

[0003] Chemical mechanical polishing (CMP) is one accepted method of
planarization. This planarization method typically requires that the substrate be mounted on
a carrier head. The exposed surface of the substrate is typically placed against a rotating
polishing pad. The carrier head provides a controllable load on the substrate to push it
against the polishing pad. A polishing liquid, such as a slurry with abrasive particles, is
typically supplied to the surface of the polishing pad.

[0004] The carrier head provides a controllable load on the substrate to push it
against the polishing pad. The carrier head has an inner ring which holds the substrate in
place during polishing. The carrier head can also have an outer ring which surrounds the

inner ring.



agai nst the polishing pad. The carrier head has an inner ring which holds
the substrate in place during polishing. The carrier head can al so have an
outer rinyowhi2ohosmrrounds the inner ring. SUWARY [ 0006]/lise011macses
exclusion region” is an annular region at the edge of the substrate where
the polishing rate may deviate significantly fromthe polishing rate near
the center of the substrate, rendering this region unsuitable or providing

| ower yield for devices. For exanpl N@ﬁéﬁﬁgnE carrier heads designed for
polishing of a 300 mm wafer, the ed%g ion region can be about 15 nm

wide. [ OmﬁF}“ var i ehy “é@l%e Eﬁ&ﬂﬂbﬂ#&%?on@%arbﬁlrﬂfa@%él@n gaApefsaifend Qlbsesee
excl usi on carrier heads that have both an inner ring and an outer

ring, bywm|tlrrﬁgpctltsémgrmtermam dvglattfewamﬁvmt&y fnanrcltwoltsh@gw@ aeanthagenteofbe
noved su{fl ga{ ¥rﬁlpsettq?tp% ‘ngg : trate |t at b1 th %Qg i nner
ring and heREbsice fo PG Y BT YO eocrd)ﬁ?‘f 3‘%%3‘@?3 IV e Ydge of

t he subséadipte, fi0jon® @afidrileadshR8iEnwd o palisieh@bnd BED finafdt, ttﬁle adycadj ust abl e
di aneter, the dianeter can be selected to provide a | at er al spaci ng bet ween

the ret aml%gmrea@n&ﬁ@b@ Akoud JpsHrp atide.t hat i nproves polishing unifornity in
h |
the exc t‘f’bﬁl’; gﬁg'sgpfat é!yZog»tec%B{agS%&?aj%] e%@&?&éd ngaféé‘fo%*%' gl erélgsm%a% 90”;6‘“

away fro n one as a car ad for
chenicaIaﬂﬁﬁh&ﬂdsabtmnhmGHEM1mﬂ@hu@ﬁmdbaaeﬁxamgubﬁﬁmhmgtmDmnﬁnmg surf ace,
an annul ar 1n rln%p and an annul ar oqut ring. The inner rj

ng has an
i nner su?eilaé’é’é d@‘rﬂou o tqr §INg; RB BRMOVEH B lmeyﬂg abﬁ%mf&e £ge %fﬁb%sw%te
substr at g,PQsth Ttﬂeq{lﬁé? 1 dnAfh SRS 1 é’ﬁééd'l@ céﬁ’t?cfl%?&sm@'ﬂe&l‘{h@ Edg%ff ace,

and a lower surface to contact a po |sﬂgng pad. The inner ring
verti cal 1hy snipsiralyl. éFor elcatricv eadowithne r@aubslgrratwmlmamadjngalslwdfaa@@er fhhe out er

ring has nner. surface circ rential.ly surroynding.the inngr ring, an

out o oo dete” S iichip Pueri s BT i LR RR B PRV M Mhe out or

ring i s Wdrhte Aok msvfe‘é@d%cﬁlsﬁﬁg%ﬁyﬁnﬁ@n&ﬁg ckddeReRIRMt [Ms@fsomBeingubst rat e
nmounting surface and the inner rin ower surtace of the inner ring

has a f|g%ﬁh@ﬁ@ﬂmmshﬁﬂhﬁmédF@MEKa@@Yﬁﬁ@éhoﬁm%ﬁ@Knm@er ring has a second
W dtn 9 BRDTE L2t R hgeP o Ml head ROOTHLARLPHRAAILPRS AL Alfalsint o
a substrate mounting surface, an annular inner rlng, and an annular outer ring. The inner ring
has an inner surface configured to circumferentially surround the edge of a substrate
positioned on the substrate mounting surface, an outer surface, and a lower surface to contact
a polishing pad. The inner ring is vertically movable relative to the substrate mounting
surface. The outer ring has an inner surface circumferentially surrounding the inner ring, an
outer surface, and a lower surface to contact the polishing pad. The outer ring is vertically
movable relative to and independently of the substrate mounting surface and the inner ring.
The lower surface of the inner ring has a first width, and the lower surface of the outer ring
has a second width greater than the first width.
[0008] Implementations of the invention may include one or more of the following
features. The substrate backing member comprises a flexible membrane. A first
pressurizable chamber may apply a first pressure to the flexible membrane, a second
pressurizable chamber may apply a second pressure to the inner ring, and a third
pressurizable chamber may apply a third pressure to the outer ring. The first pressure,
second pressure and third pressure are independently adjustable. The lower surface of the

outer ring may be sufficiently close to the substrate mounting surface that pressure of the

2



features. The substrate backing nenber conprises a flexible nmenbrane. A
first pressurizable chanber may apply a first pressure to the flexible
menbr ane,wa 28e000d4pr essur i zabl e chanber may apply a seecmdSpriedsasee to t he
inner ring, and a third pressurizable chanber may apply a third pressure to
the outer ring. The first pressure, second pressure and third pressure are
i ndependent |y adj ustable. The | ower surface of the outer ring may be

sufficiently cl.ose_.to the substrate nounti surface that pressure of the
ower PP BTG O B S A O B AmBRT aHrsiat praculr phan €0 ShBE eure on an
edge of §iSirsEbIhE &t widthendyl BcBet Wbt dbolRY.0PEnPELIER A AR ke dnl4vighd 0. 20
inches. The second width may be up to 1 inch. The second wi dth may be about
five to maybeente | med. [Thegesondvadthi ey bedwmt fivig tht fiffccTianesdarger han fhece of

the inner_ring.my-include sl pped portion _an he inner surfa of the
outer e PP bR ThEE Bt PAS oRE ik 200 AEpACE dhRRFES P LIRE e inct

i ncl i nat ipmcasf thedusd aRedingahéluNa Sbpédsortion Bivisd teagme ahglt BE incNAgion 4sNg.
The sl oped portion of the outer surface of the inner ring may extend over

t he sl op@d spoed perionof thednngysarface pffthe Bngs ring eThaencdmorepn offee pget om

surf ace GhnkDBr A flor HhOBIAKAR oG W oRla Rl Br 1 dhbr BRI nd Q. D

bottom surface el tro e outer surface of

t he i nnefing.i Tige badjoac anfact bétHe@wes riagmiace fofmédel 4 mper rigid nguiteray tHaa ke

smal l er outer radial dianmeter than an upper. portion of the outer surface of
the i nnePOtFAmmgr Faéﬁwn@qsélnapﬁe@\vseap%le@ o therapgerisHface ofithInneioded) | n

anot her ABRERE the o k@' sht &Ee $&Rdid ?f rifly ﬁlﬁg Bh &AM dTRE BaRt fla] BRW R €Ran SC! udes
a base, a’“substrate nmounting surface, an annular inner ring, and an annul ar
out er ri wgper Powtion hdre qutergutfacs clithé mnerrisggizdjacet thonppegusudace of the inner
circunferentially surround the edge of a substrate positioned on the
substrat®%mounting surface, an outer surface, and a | ower surface to
contact mop9f i shi g Hdcher TR A, BRGficF h&¥d fofa ¥RIrhicAidhd dhahey13fdlishet ¢hAidcya to
the substrate nmounting surface. The outer ring has an inner surface

ci r cunf ebasatd aubbtyats mousurglsurtpce e dnppler innehgng, and eueerulagputeiame. did a | ower

surf ace fn?lercr%] ! aCsta tirrllﬁerggrlﬁltl Seryorqﬁgltﬂ’% to ;I' hce %}elel{ialf I D8ohiRd ﬁl%re%dgg 8‘% Ell y novabl e
relative 10 a I naepenaently O e substrate unti1 ng sur ¢e and the

inner risigstrdtbobif@sd cithé sestrafe hdgitiap seffadel Agontsr Sfaté, ahetlbweruefes t o
the substrate mounting surface that pressure of the | ower surface of the

out er ri9FoBtRcha polishuwineg. A iner Bag & wrigadly gvablsricive igle sbstrate
bst r at | i : i ' . el
of "the t oprAiath il Bk GNR O ihllP spBUE U B TR SN D00

0. 20 i ncinesr. rifid) @l dlilen sdtfiat el alopeciurfaae cacontat thegmiishiiog pad. chienvwted ring

mechani cal pollsher i ncl udes a bhase, ate nount i nT}gI surface, a

a sybstr .
annul ar PREICaY A9 vae reat g mdsnendently AgtheprstatraPUI g guHaee i iner
surface ganf gl Ak bReClflObPRRRLIR Y iSUIAUIT LBR ©d8C e MRRLAA! ©

positioned on the substrate nounting strface, ar outer surface wth a first
sl oped psirfacothat predsugic bOive dogarrshiee afdshe outtrawig an pblishim gypdpdtEctsBhe | nner

ring is verticall vable relative to the substrate nounting surface. The
out er riW@Sﬁé%o%ﬁ#?({%&??%W%%& circunferentially surrounding the inner

ring, anpeegder surfmgiemdhthiion oFekOndertlonRes; ROlE R HambRbiRefolgwmeangl e
of inclination as the first sloped portion, and a | ower surface to contact

a pol i shicarggad’heThist voidthemay pepetiveen ahauit 8 QK apd RiPabthesr el ati ve to and

i ndependﬁl'atli]y of 1 ﬂlean%ﬂlbe§ tdgp%gt? 2 TRYRE hga% f3M4 fc e%icglr}gecthgt%caillrf)%%gherr iiﬂ‘o%des a
base, a substrate mounting surface, an annular inner ring and an annular outer ring. The
inner ring has an inner surface configured to circumferentially surround the edge of a
substrate positioned on the substrate mounting surface, an outer surface with a first sloped
portion, and a lower surface to contact a polishing pad. The inner ring is vertically movable

relative to the substrate mounting surface. The outer ring has an inner surface
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[0012] I npl enentati ons of the invention may include one or nore of the
followng features. The first sloped portion of the outer surface of the
i nner ri nyormale/Ext@nd over the second sl oped portion of PChaSeomneuesssir f ace
of the inner ring. [0013]1n another aspect, a carrier head for a chem cal
mechani cal polisher includes a base, a substrate nounting surface, an
annul ar inner ring and an outer ring. The inner ring has a | ower surface

configured to contact an upper surface of a supstrate positioned on the
ubst £ at SrsHoHERTY Do PaRURE B Bliraties o pubeSitig vdh S FoSdnP aerthy
surface gxti@Nlic R aMMWBT fcMndtloRris HREfidsONEH cdSHfiAE an@R v & saaidd BWbREcL O
circunferentially surround the edge of the substrate, the inner ring

verti cal & polishingtiad. rldik auiepeing és Yaracadlybse vebleachbunta ang isderkadently éheout er
ring hasl%q:%nner 1urfa%ae %i%ﬁ%nfea%ntially surroundi ng the inner ring, an
out er sutfREE; "BNG A POWET 8 et 88cont act the pol i shing pad, and the
outer ripdi12p vertimsbnyntaivaliehd @baitioendyoinalnde bdlenasdeTihy follbwine
substrate nDuntin%usurface and the inner ring, [0014]1nplenentations can

i ncl ude Badrey Thsristsfopeh @ortion ahiaepterewtfaeeal thypuesiipg magcatcrs arer thy
surface f I Achat: rface of the inner ring

bet ween %%gm?ﬁo fﬂ%ﬁéégéﬁ%gﬁgﬁﬁsgggegﬁ %é%&%Etgr di aneter of the inner ring
may have[0@18] r st windinbtheanshethe caiceheadi foga biearsical isebaimidalwiotither gickadegn t han
the first width. A height of the projection may be such that a bottom
surface GISCthDNFYF QOUNLRE HBESCBanaBIE Hoer ltl%a@gm YRFHY S diedBpsr Age

pol T Shi N 4TI0G of QM. SuififAr&s Bleohfie AMfer LG, BRY siRISHbLBbAR dyg! 0se to
the substrate nmounting surface that pressure o? the lower surface of the
out er ri sulpstwate amquoting kirfage pacbudrfsedhe:, anpaesswurdy daciansueige exgbndihg
substrate. A wi.dth of the bottomsurface of the inner r.i bet n the
v dr y SRR HEDLTT SRR RO AR ntsged o SrePgen BT g

bet ween gh@utyduddt, MBGnRr 28givBgREsy mbOMAS NN HRESubRSNE Foun@n LTl head
for a chem cal mechanical polisher’ includesa base, a substrate nounting

sur f ace, Thhowamninghasianneger siufigge carcwinddertially syrrosntdngathe dunce ringi angputdThe

annul ar [aReL LhN%a08S el PNeh Rt asRasontiauneg i Eineurtarenti al Iy

sur round”t' H&>é ge or a Substrars pos@ ioned’6n “the sﬁ%str%te hounti ng

sur f ace, maRaetRitiveud bad Bdepindeily OMRE sifrhRERoUNBInG Oifaetand tlROhh&hingg pad,
and the inner ring is vertically novable relative to the substrate nounting
sur f ace. [0Pd] ni ddi Bnplpmgntagensan inehede angor arose ef the doHayisafgagiey B r oundi ng
the i nneguyd A mdifl e bl BOE e B AhOUEE Sl ARSI AcCOMhBGhnct A
pol i shing pad, and the outer ring 1s vertically nova l'e felatlve to and

i ndependentvkyn bt itwed subsihg atrdacennd h vgtes diahste odfiidd ihixe ringneay idvag. firdthe

outer ring, has an inner surface circynferentjially surrounding. the mddle
ring, anwéiﬁlf’é‘ﬂldzhﬁ L CER L CE e fraer fan H]Srﬁsréfc‘f’ldﬂheA 5eiehei ey pad,
the out efrokdcngn KL bk SR HaPYRARINE str8lcabF MR ptrﬁ c&Rfh ddad ﬁ@fﬁd&%’& g% pRfistife

substrate nmounting surface, the inner ring and the mddle rin

[ 0016] | npddedremigaoiisnsg.cdhe lomek sadaconé therowtamamgahayt besufbéicutly clgseftedhar es.
The substrate mounting surface that pressure of the lower surface of the outer ring on a polishing
pad affects a pressure on an edge of the substrate. A width of the bottom surface of the inner
ring between the inwardly facing surface and an outer diameter of the inner ring may be
between about 0.04 and 0.20 inches.

[0015] In another aspect, a carrier head for a chemical mechanical polisher includesa
base, a substrate mounting surface, an annular inner ring, a middle ring, and an outer ring.
The annular inner ring has an inner surface configured to circumferentially surround the edge
of a substrate positioned on the substrate mounting surface, an outer surface, and a lower

surface to contact a polishing pad, and the inner ring is vertically movable relative to the
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substrate nounting surface may be a flexible nenbrane. The inner ring may
have a first width and the mddle ring nay have a second width greater than
t he firstweoi2dtdni9ihe outer ring nay have a third w dt h @ceatsesiioineses t he
second width. The first width may be between about 0.04 and 0. 20 inches.
The | ower surface of the mddle ring mwy be sufficiently close to the
substrate nounting surface that pressure of the |lower surface of the outer
ring on a,polishin ad.affects. ressure on an edge of the.substrate. The
| oner suhgue el Sirdr- Thngidulbge Pt S Rpr R oeertenaidlibat r at o

nount i ngs&wuhaﬁg thh@heHiRS 8N bBtePlurkle, Anqwqaw&ugufrﬁ@@tooéonkdaeﬂ@%ﬁghiﬁg]?m,on a
polishing pad affects a pressure on an edge of the substrate. [0017]In

anot her amslybe putcariog i vesticahlg aep vieble ralatheter andlindapendonily af thsoubsitéée i ncl udes
a base, a substrate mounting surface, and an annul ar retaining ring having
an 1 mner gituhls FROM bR By P neErdnd Py ad bpisied ity By
subst r at @irpRstink IReMidAle HRE af Wk baifRcNRIdY loR@r SiFica&ecordart Ehet WliskidEf ace,
and a bottom having a | ower surface adjacent the inner surface and a.

pr oj ect i Bad thepuieramgpstionllp magablgaelaliygtosud vedegerstently ef thewabstatg mawing t h a
bottom s i1shipg pad. A height of the projection is
such tha rtaﬁé%%%élgrolgﬁﬁ&gctgegﬁ?dgggﬁg the i nner surface does not contact the
pol i shi n@oped, andimplemeinagsnsrdan gndlwlewaik torr ealré yf tho @lhlveing éaatrty/ €THeo t he

substrate nounting surface. [Q018] I npl enentati gns .can j ncl ude one, or nore
of the f3IOSGHFRPUNERS i BS oS IS EE vt (105 B RS YR VBA TSt | exi bl e
menbr aneyf YhdiHe n?itidl}e *}tﬁlﬁhﬁé@?ﬁavé WrbanR Wath atéluﬁl.lgll!l ﬁiﬁ%ﬁ*%t' YideHTet e c{d@é} that

t
changes In pressure o e retaining ring on a polishing pad result in
changes iing pelihstx athindavidthogreatar thag thepocdnidomddf. Theefirsttusith aag be Phivecower
surface of i nner, r.i ave a fir wi dt h and a bottam surface of
The pr of ket B4 ) Sraguictis SRl i stitire T s aktefh R e OF my BEReRTG RS e
first w gtRubsmtddgoReingaeTa@babtt prlssOt Mtk BwP sirfeb @8 theAui@irtBtonaf the
projection may be such that the lower surface is bel ow a bevel edge of the
subst r at polishp@1ajl lffcetn o tPhespurg opaatcdgaohtbe Rutrate. Jdkilewergriaecofiiibie guter
sel ecting, i FRlCRREIRUNE O @l RBSK T 0900w GALEFELr eRh S Nhauce
sel ecting &5gecon B’ressure for>an outer & ng o‘fh 1ilflle cartier head e
i nner i &thBasteafing BAGMHoHsHih@FRl £Rets Opte@drd éh & Edperdt eicasbitadty surround an
edge of a substrate, the outer ring has an inner surface circunferentially
surroundi¥947k he i nHernothepgspeetha cpsigehead;faga phenyisplimechppigal polisher éncledes g ve
to the s t i fac L ng: | ertl ¢ abl e
ol att verry LSRR, SEoB5R ch din Bl b Rlnl eV bh Gfler YRR, 2
i nner ri cpfigarddaweircwufetatiellpbutdimdithnedgeraf agubsamtapdsitionitd wh dichsubdstehte he
| ower surface of the outer ring has a second V\,ifith greater_ than the first

wi dt h antloppEng Suriaee. g @ufer swachs 1da battony hayieg ¢ lowes purdags sdissent thenggis ur e of

the out e§urfaic@9ncP£‘RPoj&%h 2oRgmRRditoRS Haldial [} RFRESS tHeNoRe dusRLOGihat € on an
edge portion of the'substrate. The substrate is polished wmth first

pr essur ebdtm suréace hmeontadt agobstdng pal. s boiglt pirtbs projestibons suek tloytherloweng, and

the first pressure and the cond pressuyr royi.de polishjng uniformty on
the edge BBFT RO Trane ShaEeaies BPeSRtiereR Rt ers BR) Al LRAST RrElt ha
woul d beyaabilBuashaMd Rlaaike keds usdiR AbiiRhgRuAs&uUr es. [ 0020] I npl ement ati ons
of the invention may include one or nore o# the followi ng features. The

first pri948F e andlmplemeriaisons opn expdudceorngwy meoroof e fellayasg fqeoires hlleg

uni form of i ions. of -« pr: r chi evahl e .by t he rrier head
for the 1B pitygfiBh RS ke neiGe MRy of SRR 1o VP uBRE b8 na e
second pbesshcientipymalnthhugiet gahgshh pgeseurpbbrhalretainingf rifesi a polxdlingaiads at a
plurality of different pressures for the inner ring and the outer ring, and

measur i ngSpbin GRNERS AP AYYRE faie F an eecpoition qfthe rbsiraet The logtar suidace of
the inner ring may have a first width and a bottom surface of the projection may have a

second width greater than the first width. The first width may be between about 0.04 and



[0021] I n anot her aspect, a nethod of polishing includes selecting a first
val ue for an inner dianmeter of a retaining ring of a carrier head to
provi de pabizstwmgi4ani formty in an edge portion of a sulpsTrst@1guesas er t han
polishing uniformty that would be achieved with a second val ue, adjusting
the inner dianmeter of the retaining ring fromthe second value to the first
val ue, wherein the first value provide a non-zero gap between the inner

di anet er d the bstrate, and polishing the suhstrate.while retaining the
cubstr ar 3P inchie RUPRHEST i afichBR N Deth Mt F Y Ho R RING: PriLr

di anet er o @le drfe fubkigdtc.val ue. [0022] I npl ementations of the invention may

i nclude one or nore of the followng features. Selecting the first value
may i ncl [99¢9bol i shinapothepbsneal, pmetlsfd afeslisking stchusice seleating adirst piessuie fof
differenhl%plqgs fﬁ{z£pq,in@§r diageter o%»t@e Qeganiqﬁlﬂ%n ftEnd or
measur i ng" "8I TEhY AT HISFATRY SR SBIAT T Y e dPT PSS Y ST he
first vahdad may ilRr ainyahygn Dhed fiefatdetBifigdicnBceturaferddiially elredundng odpsg for
a test substrate of the plurality of test substrates having a best

pol i shi ngf LRibsiEHA4 thy outepOnshashy) iBpes wiEfaeonsuarerenfially speaupding theynisic| ude
one or . £ 0] ] | I ut er
Fing. may hg DL ohOIEls B, AOYAL PaRtie bl BRGhild BBl BRe0 T <
provi desriagisadetidallp n@lvatlontlatvd taking ipkpandzhey of i stibstfatgmodinttngauffhassidr e

S0P o SO O U e GRS L Ol IR MDY
yield ”B%/utpreriﬁg"'ﬁd'seaas%%d WRBPALIRE IR LRI fist RIduPRR] AL ARNEIINPLGTBRRAY | ONS
are set forthin the acconpahying drawi ngs and the description below. O her
aspect s, sthghthat émngesdn adssant af s anitdriringenappeskmng phd orsult eclibeges inpt i on and
dr aw ngsfoolﬁsﬂglgfrgt%rgnta%%dgc Ia)'iorrtrl%h of the substrate. The substrate is polished with first

pressure for the inner ring and the second pressure for the outer ring, and the first pressure

and the second pressure provide polishing uniformity on the edge portion of the substrate

greater than polishing uniformity that would be achieved with at least some other pressures.

[0020] Implementations of the invention may include one or more of the following

features. The first pressure and the second pressure may provide a best polishing uniformity

out of combinations of pressures achievable by the carrier head for the inner ring and the

outer ring. Selecting the first pressure and the second pressure may include polishing a

plurality of test substrates at a plurality of different pressures for the inner ring and the outer

ring, and measuring polishing uniformity of the plurality of test substrates.

[0021] In another aspect, a method of polishing includes selecting a first value for an

inner diameter of a retaining ring of a carrier head to provide polishing uniformity in an edge

portion of a substrate greater than polishing uniformity that would be achieved with a second

value, adjusting the inner diameter of the retaining ring from the second value to the first

value, wherein the first value provide a non-zero gap between the inner diameter and the

substrate, and polishing the substrate while retaining the substrate in the carrier head with the

retaining ring having the inner diameter at the first value.

[0022] Implementations of the invention may include one or more of the following

features. Selecting the first value may include polishing a plurality of test substrates at a

plurality of different values for the inner diameter of the retaining ring, and measuring
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DESCRI PTI ON OF DRAW NGS [0025]FIG 1 shows a schematic cross-sectional view
of a carrier head. [0026] FIG 2 shows an expanded side view, partially in
per spect iwe 2aredipamti al |y cross-sectional, of a carrier Pheas20110082§ FI G 3
Is a cross-sectional side view of an inner ring. [0028]FIG 4 is a
cross-sectional side view of a nmenbrane. [0029]FIG 5. is a cross-sectional
si de vi ew of an outer ring. [0030]FIG 6 is a bottomview of a carrier

nead [ 0031 B Gl AR L SISRe TR0 215, o 8L ot e
inner diameter of the retaining ring for a test substrate of the plurality of test substrates
having a best polishing uniformity.
[0023] Implementations of the invention may include one or more of the following
advantages. Both the inner ring and the outer ring may be used to control pressure near the
edge of the substrate. This provides an additional controllable parameter for tuning of the
pressure applied to the edge of the substrate. Consequently, polishing uniformity near the
substrate edge may be improved, edge exclusion may be reduced, and yield may be
increased.
[0024] The details of one or more implementations are set forth in the accompanying

drawings and the description below. Other aspects, features and advantages will be apparent

from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
[0025] FIG. 1 shows a schematic cross-sectional view of a carrier head.
[0026] FIG. 2 shows an expanded side view, partially in perspective and partially

cross-sectional, of a carrier head.

[0027] FIG. 3 is a cross-sectional side view of an inner ring.

[0028] FIG. 4 is a cross-sectional side view of a membrane.

[0029] FIG. 5. is a cross-sectional side view of an outer ring.

[0030] FIG. 6 is a bottom view of a carrier head.

[0031] FIG. 7 shows a schematic cross-sectional side view of an inner ring, an outer

ring and a substrate.

[0032] FIG. 8 shows a schematic cross-sectional side view of three rings and a
substrate.
[0033] FIG. 9A and 9B show schematic cross-sectional side views of a retaining ring

and substrate.

[0034] FIG. 10 shows a schematic cross-sectional side view of a retaining ring and a
substrate.
[0035] Like reference symbols in the various drawings indicate like elements.



[0032] FIG 8 shows a schematic cross-sectional side view of three rings and
a substrate. [0033]FIG 9A and 9B show schenatic cross-sectional side views
of a retawvoizop/mprag and substrate. [0034] FIG 10 shows &CTalseomivis2s
cross-sectional side view of a retaining ring and a substrate. [0035]Like
reference synbols in the various drawings indicate |ike elenments. DETAILED
DESCRI PTI ON [ 0036] Referring to FIG 1, a substrate 10 will be polished by a

chem cal mechani cal DETAILED DESCRIPTION
[0036] Referring to FIG. 1, a substrate 10 will be polished by a chemical mechanical
polishing (CMP) 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 reference.
[0037] The carrier head 100 includes a housing 102, a base assembly 104, a gimbal
mechanism 106 (which may be considered part of the base assembly 104), a loading chamber
108, an inner ring assembly including an inner ring 200 (which can also be called an inner
ring) and a first flexible membrane 300 shaped to provide an annular chamber 350, an outer
ring 400 (which can also be called an inner ring), and a substrate backing assembly 110
which includes a second flexible membrane 500 that defines a plurality of pressurizable
chambers.
[0038] 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 control 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,
1.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.
[0039] Referring to FIGS. 2, a substrate 10 can be held by an inner ring assembly
clamped to a base assembly 104. The inner ring assembly can be constructed from an inner
ring 200 and a flexible membrane 300 shaped to provide an annular chamber 350. The inner
ring 200 can be positioned beneath the flexible membrane 300 and configured to be secured
to the flexible membrane 300.
[0040] Referring to FIGS. 2 and 3, the inner ring 200 is an annular body that has an
inner surface 210, an annular upper surface 220, an annular lower surface 230, and an outer

surface 240. A lower region 212 of the inner surface 210, adjacent to the lower surface 230,

8



polishing (CWP) apparatus that has a carrier head 100. A description of a
CWP apparatus may be found in U S. Patent No. 5,738,574, the entire

di scl osurwoabivhph i s i ncorporated herein by referencePCrAB3MjI/Des2&arri er
head 100 includes a housing 102, a base assenbly 104, a gi nbal mechani sm
106 (which may be considered part of the base assenbly 104), a | oading
chanber 108, an inner ring assenbly including an inner ring 200 (which can

al so be called an inner, rin and first flexihble. nmenprane, 300 sh dto
o ovi de G et Eniasien "SR 3T gt B Conigl A0 ST R AN SRRl | ed
an inner edée!lﬁ‘)msu@di‘ﬁt@l Glohstaiethe s@@s%iertﬁlri%g §8H§Hiﬂg. Ik M'We{f?&gidﬁcj 1948$h&

second fl exi bl e nmenbrane 500 that defines a plurality of pressurizable
chanber sinnfI0UBBFTRED ¢rvwivagn IoRr diametpes niesk &rgay thee the pubsirate diameierape.and can

be connect e o a drive shaft.to rotate therewith durj lishing. There
may b patsh yedm B ateel Tl O hptfy® eBlin M T ha BBl Ry 2By ey
pneumat i 6f 16O BliFsehtedbadifiSsyeait.i & uppRdedifd 2 1 ThLthbasRr agSREIY cddbe hS a

vertically nmovabl e assenbly | ocated beneath the housing 102. The_gi nbal
nechani syRriom ciirdricaksurfaec.sad sambe slightly ragasedgelgtivptel the aveariregion 34, ge2.»

housi . ‘ . ‘ t'
ol at 1 ve P REMEE 26 LoPf of™ OOt G BEP A PRAEIR e ) e
housi ng ih@er radidl diamchraséthadseadcyioh Q42 bbtteppher sarfha@ad 0. IA apered relgon s d

pressure or weight, to the Qﬁae ssenbly 104. The vertical position of the
base assE&MANNABAIQIVSTE [ogIONTd 240 B YRS 15§199ad 4i s al so controlled by the

| oading ARAEPer 10R-1p e oakASU B AR AN ASSOTRNCLR hBRMIASS ! | exi bl e

menbrane 500 with a | ower “surface 512 that can de a nounting surface
for a subdl cant be 4QcrtitgQIBhdRefabsurfavg. Toe PoxBEN of theansarlysigrbmtwecehOhe bvebe hel d

by an i nner rj senbl cl a d to a.base assenhly.104. The inner rin
oY ool vrgion 1A% SR i R o Al Bt RSO &2 v b Ethehbr one

300 shapgd4t®©0R0MheE ca), RO @I5 MASDEn g%ﬁr rbiéh 24W&Tthé biker 4PRcE aqo,be
positi oned beneath the 11 exible nmenbrane 0 and configured to be secured

to the fadadcht @ theppranef@9@20] codv)aRetiesat cylipdrigalmudsce, andihg I@wert iggionnner

ring 200,}j annul ar b t hat has an.inner .surface 21 an_anpnul ar upper
Surface. 3500 s B Hae A a8 1o PERe B VO T 4R b TR ebt s P S RHRE o
| ower r egidn didite@fof trauppbeEios W4t ag gredtbPthan thcanigdtiradiol dib@elePvLihe Satvdrace

230, region 242 of the outer surface 240. The portion of the inner ring between the upper region
242 and the upper region 244 can provide an upper annular ring that is wider than the lower
annular ring. The outer radial diameter of the lower ring (i.c., the lower region 242 of the
outer surface 240) can be greater than the inner radial diameter of the upper ring (i.e., the
upper region 214 of the inner surface 214).

[0042] The outer surface 240 of the inner ring 200 can project outwardly to form a
lip 250 between the lower region 242 and the upper region 244. The lip 250 can have a
horizontal lower surface 252, a vertical outer surface 254, and a sloping, non-horizontal
upper surface 256. The lip 250 can provide a hard stop for the inner ring against the top
inner edge of the outer ring 400 as the inner ring wears during substrate polishing. A recess
246 above the lip 250 provides space for the side walls 324 of the flexible membrane 300 to

roll when the chamber 350 is evacuated. A sloped area 246 of the outer surface 240 can

connect the lower region 242 to the horizontal lower surface 252 of the lip 250.



can be a vertical cylindrical surface, and can be configured to
circunferentially surround the edge of a substrate 10 to retain the
substrat evowrizngopal i shing. The | ower region 212 of thePcmnseozuudsage 210
can have an inner dianeter just |larger than the substrate dianeter, e.g.,
about 1-2 nmmlarger than the substrate dianmeter, so as to accommodate
positioning tolerances of the substrate Ioading system An upper region 214
of the i sur f 210, can be | i ndrical surface, and can be
o i o 1y 188 S gcq  Fls Syt SPactinisortt SRtegh St Sulst OadatciRge Sadi
di amet er 2 Bf thh &t dHIRGEird1 L SloRRd Zikan@filal BRict MAETOE UTHRE Snrddd? coBcAbrfAlc8Esséshan
the inner radial dianeter of the |ower region 212 of the inner surface 210.
A tapereaﬁ&@@ﬂmwﬁzda)@éﬁkwaﬁéU$€ﬂhémkUMmeﬁ@gﬁﬁ% 212 to the upper reglon

Camer " ouftblA) ! O80T ThERNRR s E15e 20 bl o3l sk 200 REE pf Paue AR RSBl Pih 35,

the i nnepolfshﬂ@ paet meaasttmvde@p@mmﬁ@gthénm?eizmgmottm ilcWRE tHeelgiveRudse can
provide a | ower annular ring with a wdth of 0.04 to 0.20 inches,

e.g., 0.9 ¢wly. len@dr&fr?e@ateml mfpelérs Crhé@lFQ@HYZIZFZIt infa GME nsegest: suely#sace 240,
dj t t | f
adj acen 15§hc Qg QB@@B%&&% e?(gp ﬁ;?ﬂgﬂrwacéﬁé%ﬁ?g}]&%l% anﬁrﬁﬂle nyrrace,

and t he omef u e recesse relative
to the uppera loegieanradd4in &ldiion, thedowert mirtisrachioald 6h @ufifdiertlyofonipressibper

region 2 4 |s gre ter than the outer radial dianmeter of the |ower he gi on

242 of t Ot pulesirateasiee FRENY SRS INBF TE1E 4958 NPhiwEC e AEPYEtIIBSAIPHe
upper 1 eghgn @ﬂ%@&%%ﬁd URP fofwer GHBH sﬁéﬂd%ﬂbé’§o°é4&s‘i‘f% tR dH%ﬁrraraf}g@é&h?er ring
that is wder thant | ower ann ring. The outer radial ter of the

| ower ri ewgytheiinmer ;ringmeude@vlmlowelgpcanomeexmfudcIttﬁodwtwbstsmfr fcaciging4a®jecsgan be
greater the ipner r.adial dianet gr of t.he t he upper
Peai on 20098k (he Tiiver B Furlh TR B¢ ieuinealy Bt coddricifiomivgs “The

i nner 1i Age?Ove@inRiINf SitioR HANRT %ﬁ)\ér bl 818 tor, I ThedRPePSIMBESS thB hrdcpWer
regi on 242 and t he upper region 2 The |ip 250 can have a hori zont al

| ower suriRge@) oahe farmed of ac@atea@ulttéat is morffa@@ldzbm tha dever p@rt@m riepr example,

non- hOFI&PntwerLl égcs QL? %n%S Epg thgSO cagﬂgr%¥h €,a, q8rd stop for

t he i nner r|nglhga|ns % ner ~ed ge of PRNHEG ring 40088 t he

i nner rlgt@mv@emtseldmlyr@gexﬁmb%wﬁmnmﬁl bisdhtadgmicle. ge@mﬁnaz% above the lip 250
prOV|des space for _the side walls 324 of the flexible nenbrane 300 to rol
when t hel0@@hber 3Bbe prpcevuEaga2dl caming|ugp sylingrical maessey orthpdesddtteyiths ur f ace

240 can z ce. 252 of
The 11 SROPSRE AT E IR BSGnS P R aRRlG Sk G, o SURT pabLAS R
surface 220ribdéi icen ring\260 twthedleriblamembrane 300 ipositienelsbesc 22Tht haks 834 end
entirely around the annul ar Lnner ring 200. These %§$ulagwgoncentrlc

r ecessesCPLE YERYIRAEH AERINA NG Mgk TiRgcdnd Gap fhe PREITIP GG eenBFHY 4 ARURE O

[ 0044] Thg, o8k rsMtda66 230 of the inner ring 200 can be brought into

contact with a
[0047] In some implementations, the inner ring 200 has one or more slurry transport

channels formed in the lower surface 230. The slurry transport channels extend from the
inner diameter to the outer diameter of the lower ring portion to allow slurry to pass from the
exterior to the interior of the inner ring during polishing. The slurry transport channels can
be evenly spaced around the inner ring. Each slurry transport channel can be offset at an
angle, e.g., 45°, relative to the radius passing through the channel. The channels can have a
width of about 0.125 inches.

[0048] In some implementations, the inner ring 200 has one or more through holes
that extend through the body of the inner ring from the inner surface 210 to the outer surface

240 for allowing fluid, e.g., air or water, to pass from the interior to the exterior, or from the
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polishing pad. At |least a | ower portion of the inner ring 200 that includes
the I owe surface 230 can be fornmed of a material which is chemcally inert
in a CVMP woaoegsa914duch as a plastic, e.g., polyphenyl eneCsuiskoido4¢sPPS). The
| ower portion should al so be durable and have a | ow wear rate. In addition,
the | ower portion should be sufficiently conpressible so that contact of

t he substrate edge against the inner ring does not cause the substrate to

chip or crack. 1 hand, not be so
cl'abt Do Prigio dn fihdattion PLSie HaT Sireciing B P bEE s SR adingor ¢ on
to extruggoightiRe bhRr %HQS Th&tiRo i @CRIIA daf bE RC&TP s;ga{c@@él%hhﬁ‘ tiRAHEer ring,

i mpl enentations, the inner ring 200 can be constructed fromtwo rings, a

| oner anH@Hak portIrm@nmmpénmmp@@msdwmaqu;bmﬁ%offhh@n@ppeg cspolpqwmi@rof

t he inner n an 19 IS 19ﬁd t han t he
| over pofttl® %‘gerF%‘F £ 5% |1t8 “prHé“T %%\e?F%S’r‘%m%l t@%ﬁ““t%suéfa& S ash { parhayed ™ pps,
and the tpped r@éd zmmwa 1bﬁaﬂll§ﬁﬁfea|hav1ﬁ decresdigd Mih@s@r)st@tkop tl@ﬂlio&‘tbdlenum or
al um num or a ceramc, ., alum na. F0046 The upper surface 230 can

i ncl ude esjow aicrtical re@@@@é@e? hg inneg pergace oA thy lpwe%mr@wn shregamie Yaideal shown) to
receive {%%\%}%{fg%orﬁ&ﬁﬂ F{’H@ g,ism% s sub%{r%tgg%%hd? rtﬂé'\f?ar efr%, p&%ﬁﬁHF' ng

the inner rin to th 0S| |one

hol es 23&n&ﬁ@oﬁ&e@ﬁ&mkmg@ﬁaem@vamﬁumdnameumnﬂembhnﬂgnhmdedﬁﬂp@@u@@ﬁlt|oned
bet ween the two annul ar concentrjc recesses 22ﬁﬁ$004-%%n sone

i mpl eme RS YRENOUHEE SHfse- rinfgdbien, Raems AP sMmeRBians e §1ire PURLHGREe

channel sof @ iR ffk bltebd QRIS S § 3623 oaE 3 Uhdfchd ansport channel s
fer

extend fromthe in dianeter to the outer of the lower ring
portion [&58] | ow sThﬁ: myert mngn3¥ksanidraofiextile rrmm‘tganeo?OOttogetth@ formn éhei ioneraingt he

paced afauet Abe FRRER PRlaneaod oyl FRRCHboL Ak SEaR Be T sot

at an angdLandcbured Blow 8 lalahMBar @nérhehg A g@vmsgsmﬂﬂnﬁthrrfeﬁalhbér%ocah@wel
The channel s can have a wi dth of about 0 125 i nches [0048] I n sone

i mpl enenthatiinensingt N‘élennﬁhfeannwaﬁgh@roberrﬁé@ ippresorizedtiee ﬂm@a@nﬁnﬁm@s t hat

ext end through th n ri from.th nn surf.ace 210 to the
out er Su?rpg%: es F%en ?tﬁ) controllftl{)] ?ocild onn[ge mner rln%el"fl oad ofl Oe 1n1éesrs 111[gr om t he

i nteri orplo@ideh e IMtte hipdlishifF pefd’ qm@ﬂmamx&ﬁﬁﬂgxrn the 1ﬁﬂé€nh@tﬁ{ alow of the
inner ring during polishing. The through-holes can extend through the upper
ring. Th@wﬁ%h@qdﬁgw@éh%w Pehe yiag wpaisp XeaiHonipg thedfl e merdyrane hggwveen

the inner ring and the carrier head can reduce or eliminate the impact of carrier distortion on
the inner 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 inner ring, reduces
process variability at the substrate edge, and enables lower polishing pressures to be used,
increasing ring lifetime.

[0051] As shown in FIG. 4, the flexible membrane 300 has concentric inner and outer
side walls 324. The flexible membrane 300 can have a pair of annular rims 322 extending
horizontally and inwardly from the top edge of the side walls 324. The flexible membrane
can be clamped to a base assembly 104 with a clamp ring positioned below the annular rims
322 of the flexible membrane. Additionally, the flexible membrane 300 has a lower surface.
There can be two annular concentric projections 326 extending downwardly from the annular
lower surface of the flexible membrane. These annular concentric projections 326 can be
sized to fit into the annular concentric recesses 222 in the top surface 220 of the inner ring

200 positioned below the flexible membrane 300.
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[0049] I n sone inplenmentations the upper portion 235 of the inner ring can
be wider at its |lower surface than its upper surface. For exanple, the

i nner surwacei1228%414¢an have a tapered regi on 240 sl oped Paomarsddiy/0fis2e. ,
havi ng decreasing dianeter) fromtop to bottom below a vertical region 242.
The inner surface of the | ower portion 234 can be vertical. As the | ower
portion of the inner ring wears during substrate polishing, the narrower

upper inper. surface of the inner rj events wear an. adj acent. flexible
monbr anel DKL pr ovt tedetio bt ane ABerihe et Try Bobmbh B4R M5H Ofan sone
i mpl emengateli@ngat & BRsEN blIERIBULE MeRBEMRES 10k uhdl@ PraBge. Theglas@ mRRrigrat ed
with a non-stick coating, e.g., parylene. [0050] The inner ring 200 and a

f | exi bl ecandntlndneilignw and gehchexermplary miferiglaner ring assenbly. The flexible

b i i d b | d ab ) [ d
Cotor oa 88l o © ohe M Surfts 0 AAS pRRBE el Ry AR ERRE LY A 10, &0

350 abovehd ficculdtmeles3il DGan WOEskifidiR d dBfibea theCthdiRilad béhdehitrRpesiSttidng 8d6 t he
fl exi bl e menbrane provides an i ndependently controllable |oad on the inner
ring. Thed @adesncrlyspaca aroupd fiy larsysubse af theflexitde mepdranshiThe cipatar

| ndependgdit, 4 padhGofinhIfe FRRGET LM o6 BIAKL AW CRURS hEyaOFH Aby . L e
g the exi ble

pad as the ring wears. Positionin menbrane bet ween the S nner
ri ng andtheHexibdy mcabrdne 300 cathe ety cidg @00 el sonsing lérhentatigpacto sefurcdter i er
distortign on the inner ring. which occurs when the ring is directly secured
to the cPHPEmRbEN Tetodhs MIRERRLbAN AHReSEas 5 bPCHist BEFbR Peduces ¢ he

uneven Wt 0 ed Biehal 0y ERINGASI BROSASMC Bt 3V i d¥ rRkipiie substrate

edge, and enabl es | ower I shing pressures to be used, increasing ring
li fetinmemembDOmEPOS ighdhvarecaviB Bcedses £h2 Thes ihsl fiexrdarinearbear8B00trvas be

concentrigc i.nner and oyter. side walls.324 = The flexible nenbrane 300 can
have a p‘éf%rmﬁélyé’ﬁﬂmngpﬂilﬂ%e@gh%wgﬁé‘%%o%ori zontally and inwardly from

the top pagg of thp Shitanmpddhdtaddts, oeodcdkiiicbhfr ARIBIRNGISAIPRLéARPed to
a base assenbly 104 with a clanp ring positioned bel ow the annular rins 322

of the fflesbloinecrphsame 3MecanAddb vicondbrlpw torern b doov &l serfaemtsithaerved portigss a

| over sugfiacey  THer A0nRE LN a0l 4o 6OASERLEL SoRlipl SELIARS S0
ext endi ng  downwar dl'y“Tromthe annul"ar 'ower surface’o e exI ble

menbr anecanldxesid RBWARUppORERAtd TthPikeahs 0N dhfedLitti® Bigzpevileafit into
the annul ar concentric recesses 222 in the top surface 220 of the inner
ring 200MopEy hipgmibat praméwtherkotionesd the exblegpemrangty, moygyp and down in

20121 0191 44RCTLY SR 4025 LADRAA TPc kB R0 TRITRG ARG hidheof e

ring assenb a ornme
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.

[0055] While the inner ring 200 is configured to retain a substrate 10 and provide
active edge process control, the outer ring 400 provides positioning or referencing of the
carrier head to the surface of the polishing pad. In addition, the outer ring 400 contacts and
provides lateral referencing of the inner ring 200. The outer ring 400 is configured to
circumferentially surround an inner ring 200. Like the inner ring, the lower surface 433 of
the outer ring 400 can be brought into contact with a polishing pad. The lower surface 433 of
the outer ring 400 can be smooth and wearable surface; the lower surface 433 is not
configured to abrade the polishing pad.

[0056] As shown in FIG. 5, the outer ring 400 is an annular body that has an inner

surface 410, an annular upper surface 420, an annular lower surface 430, and an outer surface
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material that is elastic, allowing the nenbrane to flex under pressure. The
elastic material can include silicone and other exenplary materials.

[ 0053] Thewbaoevoisunf ace of the flexible nenbrane can i neCuds2@itneastar hol es
312. The circular holes 312 can be positioned between the two annul ar
concentric projections 326 and can be evenly spaced around the | ower
surface of the flexible nmenbrane. The circul ar holes 312 can accommodat e

f ast ener such as bol r ews har war.e, for s curj t he

[ ext bl e b e reoh 17 ohiEE FiEsThachg | SORNCPH QoM EHERER FALBRES o1 o
secure t{&titd xlimirRaMRAIRCANAd3PLE SordRrddNBRIrclhi¥etfly séo@dnBsSiover €. 9.,
Loctite, is placed in the recesses 217, and one-way screws are inserted

t hr ough peréonafi2ef the Dufen surfse 218 il Bleanige ming 296. 3@01p|pnlt r@gtohéllfl@é diovinpgy
recesses 2 Thu ive

per manentir e 4T RER b Tneed s TR Beouel B i fion B aloBR iR af s,

t he concmftfdigy 2000€TheappeOtebh 491 desivpdd dowiréardlly ahb eadidiBXinkhhellyTeeh sadhe 300
can wap around belowto forma | ower surface wth curved ortlons 328.

When t hethet @Bgiimgice radeatidiaamesen of theenner epgias A afieinner sugfaopdl 0 s gecagqyay g
portionsg fs%‘%t negdbé)%kgib% A tRélﬁ t‘h@% H&Be&hé 910{3%%69546 QPth'e M@gnggaso cdf'e

curved portio rovi r'ol P hi'nge ermts ttomof the
f1 exi bl ecxranbvatially®vobthe sbpecanpbedcwgion ml4@&henster h@g p(D(Bssuri zation or

evacuation of the amber 350 w thout substanti al side wal | s
324 . | nl%8Hk enbo/§”%?rtr§g109Hé2 aﬁﬂxsl%ﬁerrs}l%ceﬁﬁ Oéélr? fﬂgertrmgc‘l@@r f IpGERt tone

si de wal {3 10"&3% Dfald 3ol bE¥bOL 6 rﬁ?ﬂt&gﬁﬁ'@ncai‘hﬁfa%@nﬂh%gg&%vﬁlﬁﬂhﬂﬁ 6f HeQuRgt | ONS

326 can al so thi cker than t e Si | s 324 |l e the 1 nner ring
200 i s comfacgd#@ddjagentdo ehemp@elsum&w #2& cadban de@ncdwyﬁedla@tl swéacedyel the ocess

control,. the outer, ri 400 sition ref erenci ng of

carri or Wedareen e oy dder GBS T ol Ebrs e e bt o1
ring 400 gomcafiid radsl cﬁaﬁyﬂefi@fsthéa ls‘err%gléreﬂm BSEAE tRin thBSuich Rlfial Widkekt00.
The outer ring 400 is configured circunferentially surround an inner

ring 2000f th kewariegiomdd Oftuhn gutet ﬁéfacoxﬂéﬁa é?hfr om@rad@iad@metdn ef thtlewer i ng 400
can be br Ouo%héf42 A)g%he ou Qrt)szirftace\l\ﬁé{(ﬂcan 8 % er tﬁ% t%g‘(ijn T radlal (ahameitésruorff‘[l?‘ecl?lprpgzge()f

t he out er r| ng SNDOo alr a surtace, ower

433 i s negicnonii Juie@nérauabeodlie. tTe quedriseihdgigpadn a[s0 dhdldisa Bdiontal N FI G
5, the outer ring 400 is an annul ar body that has an inner surface 410, an
annul ar 9pisepuriase ae end 2gloning, alﬁﬁxhpalzont@)krl,@we%wﬁa%é“@sﬁhe hosironts! lowcer

surface gy face 444 can provide a hard stop for the outer ring 400 against a substrate loading station,

and the sloping surface 446 can provide for self-centering of the carrier head in the substrate
loading station as the carrier head is lowered into the loading station.

[0058] The upper surface 420 of the outer ring 400 can be secured to the base 104,
e.g., it is not vertically movable relative to the base 104. The upper surface 420 of the outer
ring 400 can include cylindrical recesses or holes 424 with screw sheaths (not shown) to
receive fasteners, such as bolts, screws, or other hardware, for securing the outer ring 400 to
the base assembly 104. The holes 424 can be evenly spaced around the outer ring 400. In
some implementations, the holes 424 do not extend over the horizontal lower surface 444.
[0059] A width of the lower surface 430 of the outer ring 400, i.c., between the lower
region 412 of the inner surface 410 and the lower region 442 of the outer surface 440, can be
greater than the width of the lower surface 230 of the inner ring 200, i.e., between the lower
region 212 of the inner surface 410 and the lower region 242 of the outer surface 240. For

example, the width can be 0.04 to 1.0 inches.
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440. A lower region 412 of the inner surface 210, adjacent to the | ower
surface 430, can be a vertical cylindrical surface, and can be configured
to circurmveneryilads4y surround the | ower portion 242 of wPrha/usetiendesas f ace
240 of the inner ring 200. An upper region 414 of the inner surface 410 can
be a sloped, and can have the sane inclination as the sloped area 246 of
the inner ring 200. The upper region 414 is sloped downwardly and radially
inwardly, i .e., such that the inner radial .di ter of the upper region 414
of the i M8 sur ¢ aliesomrgmp e%finéagtoé‘ﬁ’t t OptRkriRg RO gan heLonpte @%IP W°414 than
the bottgRas TRv&!aReEr fdrdn 296 af ad el BRMarpoRSHnAYD. CaR I%E&@wﬁaméo cally
over the sloped upper region 414 of the outer ring 400. [0057]A | ower

regi on 442theputchengdd@eanshe fosmwed dpmeferinhbaiols mere rigidthaothe lewraweran t o t he

| ower su 430 an be a vertigcal cylindri.cal surface. A ion
a9 or "o i o ¥l e 8t it Elnlhe 5 M O BB SPGB TBERRT, °a
verti cal cydd fillkd RREK STétloa@efill i RE KK pd umgidiniidgPAN, d2cdthpdsiie nedrl. sur f ace
440 can be recessed relative to the up region 444, e.g., the outer

! per
radi al diBgrernst pertiop HEO Gppbe a megilohg.qstainjess geel ame bybe erawn. 1o g en, et al
di anet er he | . region 442 of the outer surface 440. The outer radi al
dianeter“%%n#hggrg§@@néegion 442 of the outer surface 440 can be greater
t han t he[006her radikd peltianef ek oaferting 40p pieit inchgics theddwedfurfabe43emrbesur f ace

410. The outer surface 440 can al so include a horizaontal lower surface 444
and a sl @mg of ﬁmﬁ)r%glidzw?raﬁ ﬂiwéwg? pRItieP 9& hegnper rmezoﬂdhtz%liqs theolqmier

surface dithcE aty PTRY icg[?régullf' il t‘ﬂe SLRP rﬁl% R)ve"aﬁﬁg UL Bhvef fa!ﬂ@thﬂﬁ) %quﬁér!}ﬁl . For
and the pin de for

substrate | oadi ng station, sl g surface 446 can provi

sel f - cen¢aniphg tiof lopee pardion 4é0 ohthadutan ring e 08 whis be apkstiotdi ndasteathaothas t he
carrier head E§ | owered into the | oading station. [0058] The upper surface
420 of tWesHsATdRe PRy can be secured to the base 104, e.g., it is not

vertical jgoeppVvabl ery @htimperhéhtdtRas, 1S 8utdPhng JMEhHRRB or Hd:E BEcuAARBIQS the
outer ring 400 can include cylindrical recesses or holes 424 with screw

sheat hs {habexteifoiem thonpecatfaes 4 Hstodhepwer suhe 430 fpoltlewingarlemsd oorir ot her

hardware, for sgcuring.the outer ri 00 to. the ,hase .assenhl 104, e
ol s gt SrrRg kiR b B el & R FRe AL I 3B BESFRR olist Bt 400

i npl en’enﬂlﬁiﬂgquiishih?.eTh@ﬂﬁ&ug}%lék)calﬂcﬁe ¥it19 RPlacey @fouint ehd@téz@ipt 400. l1aver
surface 444. [0059]A width of the | ower surface 430 of the outer ring 400,

i e., betameHRI¢C QNS theigiashthaquehdiolesHa thegider rngr409duit aeloindbyinpprg ifower
region 4 .qut er . 1 of the

| over sutftstnbifi . £ walE haRe dlchinf St B P Rh AR Rl O o 512
of the iholesinghe baceridd 0tawd] bdrBudhodvdownegidorioi2dtBe ofitet hefaoubEthesnimdramg 240.
For exa %@mﬁdth can be 0.04 to 1.0

e, th inches, WD
2012/ 010400k Best 138508 1°oBgF Y ORIGHF PHIE e 4D AN SR 3t s oM out er i ng
400 can f?ﬁpl&ﬁ@rﬁﬁt‘i&ﬁ} @lgreerQer(t)lYQl-holes in both the outer ring 400 and the inner ring 200,

and the through holes are aligned so that fluid will pass through both the outer ring 400 and
the inner ring 200. In such implementations, the through holes through the outer ring 400
can be the same width or wider than the through holes through the inner ring 200. In some
implementations (see FIG. 2), through holes 450 are formed through a portion of the base 104
that surrounds the inner ring 200, rather than through the outer ring itself.

[0063] Referring to FIG. 6, in some implementations, the outer ring 400 has one or
more slurry transport channels 432 on the bottom surface 430 that extend from the inner
surface 410 to the outer surface 440 to allow slurry to pass from the exterior to the interior of
the outer ring during polishing. The channels can be evenly spaced around the outer ring.

Each slurry transport channel can be offset at an angle, e.g., 45°, relative to the radius passing

14



rings, a |ower annular portion 450 and an upper annul ar portion 460. The
upper portion 460 of the outer ring 400 can be fornmed of a material that is
nore rigiwotherivtye | ower portion 450. For exanpl e, thePCowsSzopondseon 450
can be a plastic, e.g., polyetheretherketone (PEEK), carbon filled PEEK,
Teflon(r) filled PEEK, polyamdimd (PM, or a conposite material. The
upper portion 460 can be a netal, e.g., stainless steel, nolybdenum or

al um nu or ceramc, .e.d,, alumna 061] Th rtion of the outer ring
200"t hat IS ShERR TRt e SBumaghOdan be peRAattoRe Fnsbrge, | g

mat eri al cHahAads.t NEsoRRY drhiAifénts, NBe bitBEFind tMANA9931 BRtwidBChidaR ihie ringwer
surface 230. This can result in the outer ring wearing at a lower rate than

t he i nneehanpely 23 Ealowsmnbirey to pres movefregdp ta the intager offthe inectoninge200: iFyy 400

b | i N h h h | i f i i 200.
can. e, 2Bt e DR A BT b 11 10

t hr ough- fyolees t hat Retfndtof FIOMI {the fleXiBRIm&tbilaas 8003 vides bRerfadstson tsur f ace
430 for allowing a qugid or air to pass fromthe interior to the exterior,
t

or from WRENERE Blistptetl§. e fiexiblymembrage SPhinchidesr phirdyy 26 fapfurdnghich
pol i shi ng;.i it %«Pﬁ&% %Q‘E\{E%h?ﬁe ﬁ@ﬁbl?%e%%%so?ﬁa@@%ﬁe ﬁe[s@ ‘d&%n{bﬁ}?u%ﬂl% a’lng
e gn-noles 1 n t e

400. I n sone | nplenentations, re are throu outer ring 400
but not plardlieof indetiduallpgreaQRizablowhambemisds. Th@pressiaizahle thanboas S0@ean beg
system tfhat is sprayed through the through holes jn the outer ring 400
will be mgqi.bs cliuNea PO o eB%?Fé‘FseérE%_lﬁf (evsh Aty Rd CORGeRYI200,
thus clegph gin?@.e]‘ﬁ@%%l%%%% o el & li;]é %u'&@es&@@lgﬁﬂﬁobv@ﬂ%fon{ {eg 200. 1In
ot her inplenmentations, there are th%ough- oles In both the outer ring 400
and t he innemost chagntR0@ thaodterhesttcharobgygh hol es are aligned so that fluid

w |l pas ough hoth.the outer ri.ng 400 apd,t i nner, .ri ng 200 n such
ol eentbbns ¢ R thiBge et eitPheangnt Prgvh SRRy OuERimobe ¢ ho
sane W diHoway) tiMoGi& tht bask ds8@nBihnosahd helsas 102rteWaRsdobRtddHi8suleisBE8rcd00. 1N
sone i nplenentations (see FIG ™ 2), through holes 450 are forned through a

portion ®fchtehe pPhapeor POsuRAr vaunolingd st ierecanrseme pssge B0 the zklar t han
through %h@lt?nb%y g 5 ?{]tlhre] %e%iné)?eerlrémbl[a%ggééi F\é%fe %r%s;slagerq fotr ?heFllo %in 0 Fl;/a{ntlnbe% 0K -

i npl enent’ati ons; e ol rrng as nmore siu ranspor

channel sorb3phsSige ez bl bt BN pSeskiraaBledI@mbbats06btendn tibist BgembREr4sdndf ace
410 to the outer surface 440 to allow slurry to pass fromthe exterior to

the i nt ethedlexibic mpabiire 8P0r Og OBMOr hRsHRECH SRS brvterseamaiind P4 cembe bikedvenl y
Spaced R, ROy 19 0BRGP g APSERE B RO S
or outside the carrier head 100. Pressurization of each chamber, and the force applied by the
associated segment of the main portion 510 of the flexible membrane 500 on the substrate 10,
can be independently controlled. This permits different pressures to be applied to different
radial regions of the substrate during polishing, thereby compensating for non-uniform
polishing rates.
[0066] The pressure on the inner ring 200 can be varied using chamber 350 relative to
and independently of the pressure in the chambers 506 defined by the membrane 500, and the
pressure on the outer ring 400 can be varied using the loading chamber 108 relative to and
independently of the pressures on the inner ring 100 and in the chambers 506 defined by the
membrane 500.
[0067] The outer ring 400 of the carrier head can apply a downward pressure to a
polishing pad. As noted above, the lower surface 230 of the inner ring 200 is relatively

narrow, permitting the lower surface 430 of the outer ring 400 to be positioned sufficiently
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t hrough the channel. The outer ring channels 432 can be aligned with the

i nner ring channels. In sone enbodi nents, the outer ring channels 432 are
wi der t hawothe/iiarer ring channels 232, allow ng sl urryPCo/ysasig/onesee freely
to the interior of the inner ring 200. For exanple, the outer ring channels
432 can have a width of about 0.25 inches. [0064] Returning to FIG 1, the
fl exi bl e menbrane 500 provides a surface 502 to nount the substrate 10. The

fl exi bl e menbrane, 50Q includes a pluralit flaps 504, which divide the
Vol urre. PG iz s phdrerss D Bs o0 o Hasa? KecalliplpreSoi oh o
pluralitineQlibdtmeH Mitkuakh MeRHRSSIEE 07 8R! RbGRANTDSIHSe BAR thelilRerRiRSHIOrdnd ak e

chanbers 506 can be forned by clanping the flaps 504 to the base assenbly

104 wi t hogfeipting 400 ¢ap befusedivcentrpl pressuemiear thegpdge Thidic shistoter thequiesstye
configurgd to be succ ivel I.r owe fromthe.i.nnernos hanber .to the
out er mostomH B de 6 SREE e ol RRE R v iR L AT R B R o y
coupl ed Ry tpASSEOBS pfdQire ahsiva)to Y Qg bBf tHeubase:. aSsRBHItIE b lishidg housi ng
102 to an associ ated pressure source, such as a punmp or pressure or vacuum
| i ne. Thexorayy nser hpsulsiaeagac mey be hapmyadl lee exdwier maphe ssdueeb apd exi bl e

cach of The meOBEPRasRYdn iREichE o GO e GRRTO e PRRL AL SOORE §REOHE

t he fl exd@ enrteritemiiedH9@xp&iacmitiand Rer paaspigasultipencithabdiass casbenbl y 104

can be linked tq passages in the housing 102 by flexible tubing that
ext ends Pﬂ?ﬁ%u%%dff%éﬁﬁt ﬁ@mﬁlﬁaﬁwwf PERSSHES gwatt%fi igaer g <y @Ptﬁﬁéléla%ﬁo.
Pressuri i f : i : Fat ed
Cognont . oF epited bRl SHATRESiscAihe E el FboBRRal MY i IRISRROEI
subst r at devid®, substratéze Thedmpendienof the ¢ohsubsirhtes in thh acameamthe sdghi dahédeent

ressures to bhe applied to different radi.al ions.of. the substrate durin
Dol 1 Shi nECAHEh £y UBeHRLEAIONs TEOIAGRURI RS 1 DETIEOR G PRSSES Fi8066] The

pressur ep@Rideliend BREFollishing vABBrkidNcLVRICRY HSkhRkg podiess B9 sebsdtatage to
and i ndependently of the pressure in the chanbers EOG detined by the

mermbr anel0968] and Referrpedediibe’.on anetbeoppdemaritaiipndoduahananiothopwist &d usi ng
t he | oadi.ng, ¢ er 108 relatj.ve t nd.i ndependent| v...of fhe pressures on
the | packifftaf BAFRShnE Rt BuRdithstd BO%y IR oY led BXuROEREMECE

[ 0067] Theubetiter 0f the thrdPEin@ D00 han BBt regfonn@d @ irc@msdidRltie subd@MBWar Gh pr essure
to a polishin ad. As noted above, the | ower surface 230 of the inner ring

200 is rmra@ulgre B9tt<ﬁa|0if i, s w200 nepnt Ingluf o vbprienntal deveer sgtfaest 260sliasgtter

ring 4004 &,BeiRQAst b%@%ﬁ%ﬁlﬁé 5H& E]Eulmy a projection 262, positioned radially outward of
the horizontal lower surface 260, that extends vertically past the horizontal surface 260. The
horizontal lower surface 260 can contact the upper surface of the substrate 10 (i.e., the side of
the substrate farther from the polishing pad). The inner diameter of the projection 260
provides an innerwardly facing surface 264 that retains the substrate. The height of the
projection 262 can be less than the thickness of the substrate 10 such that the bottom surface
266 of the projection 260 does not contact the polishing pad 20 during polishing.
[0069] Referring to FIG. 8, in another implementation (which can otherwise be
similar to the implementations discussed above), the carrier head can include three rings,
including the inner ring 200, the outer ring 400, and a middle ring 600. Pressure on the
middle ring 600 can be controlled in a manner similar to the retaining ring 200 with an
additional chamber in the carrier head. Thus, pressure of each of the inner ring 200, outer
ring 400, and middle ring 600 can be independently controllable. The additional degree of

freedom provide by the middle ring 600 could permit superior polishing uniformity.
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close to the edge of the substrate that the outer ring 400 may be used to
control pressure on the substrate in the area near the edge of the

substrat ev0Snroa9otast h the inner ring 200 and the outer PCEYS4@0/0¢628 be used
to control pressure near the edge of the substrate, the pressure fromthe
outer ring 400 on the polishing pad provides an additional controllable
paraneter for tuning of the pressure applied to the edge of the substrate.

Conseque . polishing unifarmty near the substrate edge may be. inproved,
cdge. axcleVon may REkAMsdAl Thvih PpRicci Ty PRt tCaaT BEA B B O ar . a
set of pjRISHETingD00t BRthiaRR8fustabRANED AiARHerad! SiicH 4 RGiAHHAR rdRs B&cribed

identified by experinentation. For exanple, nmultiple test substrates can be

pol i shedinddSnBatdntfNertehtt, 28nbyhishtis teerpofatgst kistslrensces dihetchicr hergrcani ng 200

and outer ring 400.for each t.es bstrate,, but otherw se usi.ng.the sanme
o ocass BabRBLR Bl BRFRL iR 208 {PRAG R vl kP PR et P bes 01
the test TRukuiniag eng200t (@ RIseawliRah ilkedRager CAsufiSciBaRHcethanehd. , USi ng
a stand-al one netrology unit, and the conbi nati on of pressures that

pr ovi deddiemetepesthespbstiary HytoumpYide aizelyhavang paowgprecyeiges vidth 4t @verseed shi ng
of devic r | . Ny -] tation
Qo ot c P ot B i RIREHRRBHERDD IRoliE dufing b aRRL AREUITRYSTRDL 2!
rat her tpalishivg padsiitlitamead drioe a ieadiigndigt bétisuhbitraad 80 d@inst the retaméng ringng 200"

can both_rest on and circunscribe the sybstrate 10, In particular, bottom
of the i%ngrasr%%ﬂ‘gnzleBIG-c%BnT?Baﬂa&?d%apapfwﬁt ShPRP diigredgh Pt HesubdBial] acent

an inner ygi,apB!t gl ¢ frel‘ﬁﬂ?@e HoPBhal thétth P ecr@d sidbsRaY 198Gl PRt %%mggiﬁ'gti oned

radially outward of the horizontal |ower surface 260, that exten

verti cal 260’ pths net desulhar the potigiing tatd atcke 266tratTledghorl] boart alerdgowéthesur f ace
260 can c¢qontact the uppe urface of .the substrate 10 (i.e., the side of
the sub.s&?%fe %F%Prﬁé%&??%%%%%t?‘ﬁBPﬁ%Wil%\Ba(gad). The inner diameter of the
proj ecti o720 Proyile@HndT ah RPSoPAAE ivhct BfinteerIVbT @6 eetdfithotriigtogoetad ns the
substrate. e height of the projection 262 can be |ess than the thickness
of the sumevapdishhgsudhrmitancar e whstraseredas felvec od® wrlusipe, andojereascon 260
does not_cpntact .th | Lshin ad 2 rhn ol i shi » £0069] Ref er 1. to
Fre 5. YRGB Pl URR IR hERaR SRR G &Y SRS ind feio, BTN b

i mpl emenp@ishiSacingers sedbatientfied byhepeafkh@tiomeRst Gampld)edultiie tddr ee rings,
including the inner ring 200, the outer ring 400, and a mddle ring 600.
Pr essur eSUbsir#taRCay kedrodishqdt inpobifergat glameishy P don tee retpinme g0 &rgpetaiest o

t he retajnpi M M T it |0 i

Thus, - pr Sesnre RaueRpishlifl Bt BRE NGy FRATRTD: ARG EEVRERRERS:

ri ng 600Thamifemityad gendgnubstracsrih riel dredohcar thEhegaddi bd mpaurde greasiaf a
freedom provide by the mddle ying 600 could permt superior polj.shing

uni f or m §Ad-alogs 9@%_9@@19%@@%{@3@&% 61&1681%“€[t?fdg1§]ﬂ%‘f1§i’sr¢‘ﬁée&t @0‘1‘4_ E9A in
anot her hﬂﬁrﬁﬁ?%ﬁbb Qectdor GALL 'rshi'ﬂ%%? d6ake {dst48e A doBlAIBVaIhd nfgr 200°
with an adjustable Inner dianmeter D. Such a retaining ring is described in

U. S. Pat diameNoD @nd8epiResntigHarghr then theabamareaefgtic bybstretedOaempmvidihegapar ri er
head can _include just a sin ai ni ring 200", (rather than th i nner
ona ot ok ARk il MRS, RRBRR oh s S Sl e, BE P

i nner di @48t cdAtstc reiafiitid ¥ng Ao8EE chbhdiold eirdinddRhaA] Bhe bhéngapbsatdtat e 10
to provide a gap having a non-zero average wi dth G (averaged around the

ci r cunf egxdensengpironpdbsubsiagtizlit thy entdp sgbrtraseperguptétng pol i shing, friction from
t he poli ghi pad witl ..ten o,dr.jy | i ng.edge,of th bstrate, 10
agai nst @@ZEE et al n&%%“%l}gnta%iéo“? néggos?ﬁ%\ﬂﬁ%?eﬁn %f%oggtg?c %155%1%5& Céﬁé%tﬁ)udgf

W dt h 2G egtaifting riigl 2000 ire@@h dlic Toher suthst iadheled @.steplo I 8tep cablBe tenfiggkat | ve
rotational notion between the substrate 10 and. the retaining ring 200", the
net resufuchdbptiapdmss diagstag 7P of thegetapming Ygistadipcentang sctains fhepubyiptal@r age

of the d&ef. é,ethg HibsGAME 858ICRtoSlhBCE %ith thd DfeRRhhSBE £8) Wﬁiiction from the
polishing pad during polishing). A portion 272 of the bottom of the retaining ring

immediately adjacent the inner diameter 270 that contacts the substrate provides a horizontal
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[0071] Sel ection of an appropriate inner diameter D of the retaining ring
200" can inprove polishing uniformty near the substrate edge, reduce edge
excl usi onwoant/iipmease yield. In particular, the prefercedasdiiamedses D for
the retaining ring 200' for a particular set of polishing paraneters can be
identified by experinmentation. For exanple, nultiple test substrates can be
polished using different dianeters D for the retaining ring 200" for each

t est bstrate,. but oth i i t . f
poi | shi ngst suidise Lo doatalsp act e Bots e ooy wB et b eE 248 pli Bpuem; ¢
the ar eapM@akethilfg@H@ansas e FRASWARGS IR BrioSTNdb e cshaRtdh&pSRGingEatol 0gy

unit, and the retaining ring diameter that provides the best FO|IShIng
uni f or m 2§ derang ydiskiakedn partitwer, (e kattopoof thh ratgjning ring\2002 cauinshudares As

not ed abpve i nner. di t.er can be.sufficlhently. | arger,.than . the

G amet o R oplb ol PTG RGer o et Sitikes TSP M ah A0 Mo e

wi dt h G prhojeetib® 2 16)ipdsifionedzial alModiwhr &o othethbEizGag, lowBiesusfbs LT A tigat dRRBdINOt

contact the retaini n% ring along a continuous circunferential zone of
9@%&%&

engageneYirtigattydragt the suliftrstZ2dRt iTAR hyighhel e prajectionB<e a4t ke lsey that er .

[ 0072] Refier:i i n i Lon, i d can
el ute: e P Rftst B St oo 76ed Hant BB (AR ALE A ot ERUERERL B0, 0GP
The st epthasathe herizanililgueretrface?72 Ratloantht baedl edgadthe sutdidicaid. tBye r et ai ni ng
ring is adjacent and retains th ubstrate 10 (e.g,.,. the substrate .is
driven i wﬁi@t% Hb ABRToRKiAts “HHiD foriie PorramlIRY et F‘é‘%tﬁﬁr??fl?edﬁ{aﬂqﬁ%g
polishin > i :shi r i 2: : :

ret ai ni nﬁglngigﬁogdjiaﬂre ipg'? glhég gigjtjggaél ebr%trﬁﬂég ti8 Er@ El%gﬁfé%% ? gorvti)(% % t(l)ﬁ??hoggd }c)glﬁsthénc S

t he substm&reityr dhk desinaghorg 208Fitcalild Hedwamedsiiohadewtwatr ndterl, mothecont act

t he polishi.n d 20, .whereas,,a,portion.27 f the bot 0 he retainin
P Chapoa PRSP pin AR SrBR o B T s B St b e ohi o
pad 20 dppnOmetibishitNgeard moﬁa({ﬁémwlﬁﬁ thd hi8jceaét 018. of ddBRiohethaipBitiea Jti Ng

200" can include a horizontal [ower surface 272 adjacent an_ inner dianeter
270 of tthe retamens ningnPJebove hadouzgrdjlewer sonaorsd]2 gkl b prostied adihal | y

outward pf. th aorizontal |ower surface 27 that extends vertical past
Che hor i Bortd oSS Bhue AR Gl (RS AORn A B FANSEC b 35l B2S
t han t hehdridoglan@seer Qfirfidee@7gubstrate 10, e.g., less than half of the

t hi ckness of the substrate 10, such that the horizontal |ower surface 272

i s bel oWMA3l bevel Acygbepef epodimens phths myentigyy have beer desgribed.appr opri at e
width f I; t fac . ining ring
200" wi ¢ NCTRECaT (R i Rlod ARG AR AERRME Byl ol VB o

i mpr ov eddgpattinghfirory thendpinitrand tsyopcldfehs myentivinn g or exegnZOGhe boxladschébl§ d04radl f r om
a low wear material, or the portion of the retaining ring 200" ve t he
hor i zont &P hoBRS (& odine mﬁes PP pasleatAb B A8 TR AT T enddOear o

mor e qui gty bd Bdled B8 ak RIVEDY QRedibBlly hBvAddbtil Othaft Ba g@gstu'ri%blethénk&r
retaining ring 200" ‘above the horizontal |ower surface 272 coul d be

pr ovi dedcanild be pwaided dstwdeathd Imosmgdd?2 tahé theeauterratgeso thatgnner vieg tand busmegd es

t hat decrease.the rface agrea of the horizontal |ower surface 272. [0073]A
nunber of G rHoUbMRERS PR T s A Pk, AcHulneletlBry BRI E HET ess

it will {enmndeioheedtictBliowakictiss.modi fications may be made without
departing fromthe spirit and scope of the invention. For exanple, the base
assenbly 104 and the housing 102 could be conbined as a single rigid part,
and the entire carrier head 100 could be noved up and down by a vertically
novabl e drive shaft, or a pressurizable chanber coul d be provi ded between
the housing 102 and the outer ring so that inner ring and housi ng were both

novabl e relative to the sane rigid part. Accordingly, other inplenentations
are within the scope of the follow ng clains.
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VWHAT IS CLAI MED | S: 1. Acarrier head for a chem cal nechanica
polisher, conprising: a base; a substrate nounting surface; an i nner
ri ng haviwg 2are/iinner surface configured to circunferentipalrlus2euonesand t he
edge of a substrate positioned on the substrate nmounting surface, an outer
surface, and a | ower surface to contact a polishing pad, the inner ring
vertically novable relative to the substrate nounting surface, the | ower
surface i i having a first width; and an outer ring
havi ng aﬁ&lﬂ‘%ﬂgﬁ @Eﬁl\gi@nﬁr cunferentially surrounding the inner ring, an
outer surface, and a | ower surface to contact the polishing pad, the outer
ring vertically noxahatrerheidfor¥e@htmicaNtletHAGRREFSIRAS Yorpridifie substrate
nounting surface and the inner ring, the | ower surface of the outer ring
havi ng a secohbasgi dth greater than the first width. 2. The carrier
head of clai JeQuer surface of the outer ring is
suff|C|entIyn%]gggggﬂﬁéhﬁg Psitat e nmounti ng surface that pressure of the

| ower sur f aceadinnéhenOhtvéxtg 4n 1Iﬁgermﬂrfacd)¢ﬁnlﬁghteﬂgo pacurafcf@cih By surfpu@gshy € on an
edge of the substrat carrier head of claim2, wherein the
first wigE Ofe SBRiAshPsiiisgad ob ﬂmuhﬁaﬁt@@enﬁ%%@ce an outer gurfageandsg r i er

head of %an : rhrcc WIESRAD aﬁJ&ﬁsiﬁﬁé’B&f’ £l 1%(% 1‘1@ ARGy o Mﬁbfeorelf F% RERCL T MES

| arger t e secon arrier alm 1, wherein
t he out esubstiatt awenthg suréace the towdr rsgrfaamjf ulkemner mig)lpmhgpa)ﬁﬂst widtlrohdt he i nner

surface of the outer ring includes ortjon hav t he sanme angle
of inclinatioff 4cE L Y ?H“BB?Tt%u Cf‘o‘F““‘ﬂ)‘H& ‘PHH@Y%‘HPP% ng die PRE Tgndh

ring. outer surface, and a lower surface to contact the polishing pad, the outer ring vertically
movable relative to and independently of the substrate mounting surface and the inner ring,

the lower surface of the outer ring having a second width greater than the first width.

2. The carrier head of claim 1, wherein the lower surface of the outer ring is
sufficiently close to the substrate mounting surface that pressure of the lower surface of the

outer ring on a polishing pad affects a pressure on an edge of the substrate.

3. The carrier head of claim 2, wherein the first width is between about 0.04 and
0.20 inches.
4, The carrier head of claim 1, wherein the second width is about five to fifieen

times larger than the second width.

5. The carrier head of claim 1, wherein the outer surface of the inner ring
includes a sloped portion and the inner surface of the outer ring includes a sloped portion
having the same angle of inclination as the sloped portion of the inner surface of the inner

ring.

6. The carrier head of claim 5, wherein the sloped portion of the outer surface of

the inner ring extends over the sloped portion of the inner surface of the inner ring.
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6. The carrier head of claim5, wherein the sloped portion of the outer
surface of the inner ring extends over the sloped portion of the inner
surface ovothe/diprer ring. WD 2012/ 019144PCT/ US2011/ 04®8281S2011/04682§. The
carrier head of claim1l, wherein the | ower surface of the outer ring is
formed of a nore rigid material than the | ower surface of the inner ring.
8. The carrier head of claiml, wherein a |lower portion of the outer

surface of th inn r|n adj acent the, | owe urfac of the inner ring has
sl fer out er T+ adi e Eirar Rt S Flim driv pEEr e B ST AEHE TS { sce o

the inneformbigs @ﬁio@&ﬁgfﬁ thdl8rid! RRAY ths W R GErfRle Jfiie inAt&ding i NY. 9. A
carrier head for a chém cal mechanical polisher, conprising: a base; a

substrate nounting surface; an annul ar inner ring having an inner

surface configuredrhOc}is Al 6F 81%1!1 t’l" szMer%hhrar 19%9' Siten 86gR o%ier%uﬁé&sotfrt@é €
positioned on the substrate nDuntlng sur face, an outer surface, and a | ower

surface toccong ijaccat thollowdrisngfaqeaf,the heci nmn@lnasrsmgewuttn radial qiaammﬁathae
relative to the urface outer ring

1
vt ot e PoRtIRPLIR Rttt e bR A Srsmestn yo PSR P HGS an

outer sufp@ce, and a lower surface to contact the polishing pad, the outer
ring vertically novable relative to and independently of the substrate
nmounting surface and the inner ring, wherein the |ower surface of the outer

ring is suffigi entMaﬁi&%@aé%rhf&ﬁerﬁﬁﬁﬁﬁléé}{aﬁlcﬁpﬁ&m&hé}gc d@gfthat pressure

of the Iower surface of the outer ring on a polishing pa ects a
pressure on amba&dge of the substrate.

a substrate mounting surface;

an annular inner ring having an inner surface configured to circumferentially
surround the edge of a substrate positioned on the substrate mounting surface, an outer
surface, and a lower surface to contact a polishing pad, the inner ring vertically movable
relative to the substrate mounting surface; and

an annular outer ring having an inner surface circumferentially surrounding the inner
ring, an outer surface, and a lower surface to contact the polishing pad, the outer ring
vertically movable relative to and independently of the substrate mounting surface and the
inner ring, wherein the lower surface of the outer ring is sufficiently close to the substrate
mounting surface that pressure of the lower surface of the outer ring on a polishing pad

affects a pressure on an edge of the substrate.

10. A carrier head for a chemical mechanical polisher, comprising:

a base;

a substrate mounting surface;

an annular inner ring having an inner surface configured to circumferentially
surround the edge of a substrate positioned on the substrate mounting surface, an outer
surface with a first sloped portion, and a lower surface to contact a polishing pad, the inner
ring vertically movable relative to the substrate mounting surface; and

an annular outer ring having an inner surface circumferentially surrounding the inner

ring, an outer surface with a second sloped portion having the same angle of inclination as
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10. A carrier head for a chem cal nechanical polisher, conprising: a base;
a substrate nounting surface; an annul ar inner ring having an inner
surface cwof2ogumed4t o circunferentially surround the ed@eTafS2@19uds2s r at e
positioned on the substrate nounting surface, an outer surface with a first
sl oped portion, and a | ower surface to contact a polishing pad, the inner
ring vertically novable relative to the substrate nounting surface; and

an annul ar ter ring. having, an i nner surface circunfer ially.surrounding
e 1 nnethe g oPg PR 41t R SE - FFACH (Lo R S8 PporEY GHOTHY ng t he
sane angl&tiefllyl evdbitadel@Re @S and iN8epehdSlyd fOREHbRRStE hidntiANELrfack @MethesUr f ace
to contact thé polishing pad, the outer ring vertically novable relative to

and i ndeppesiders | y of the substrate nounting surface and the inner ring.
11. A carrier head for a chem cal nechanical polisher, conprising: a base;
a substrate nounting surface; an inner ring having a | ower surface
confi gured t olktont Actarram heghfer asherhmekemefhaaicgydishert eomosiing:oned on t he
substrate m)un%i ng surface, an outer surface, and an inwardly facing
surface extendPH§ downwardly fromthe | ower surface and configured to

ci rcunferenti aklpsradmicuniids khigacedge of the substrate, the inner ring
vertically novable relative to t he substrate nounting surface; and
an inner ring having a lower surface configured to contact an upper surface of a
substrate positioned on the substrate mounting surface, an outer surface, and an inwardly
facing surface extending downwardly from the lower surface and configured to
circumferentially surround the edge of the substrate, the inner ring vertically movable
relative to the substrate mounting surface; and
an outer ring having an inner surface circumferentially surrounding the inner ring, an

outer surface, and a lower surface to contact the polishing pad, the outer ring vertically

movable relative to and independently of the substrate mounting surface and the inner ring.

12. A carrier head for a chemical mechanical polisher, comprising:

a base;

a substrate mounting surface;

an inner ring having an inner surface configured to circumferentially surround the
edge of a substrate positioned on the substrate mounting surface, an outer surface, and a
lower surface to contact a polishing pad, the inner ring vertically movable relative to the
substrate mounting surface;

a middle ring having an inner surface circumferentially surrounding the inner ring, an
outer surface, and a lower surface to contact the polishing pad, the outer ring vertically
movable relative to and independently of the substrate mounting surface and the inner ring;
and

an outer ring having an inner surface circumferentially surrounding the middle ring,
an outer surface, and a lower surface to contact the polishing pad, the outer ring vertically
movable relative to and independently of the substrate mounting surface, the inner ring and

the middle ring.
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an outer ring having an inner surface circunferentially surrounding the
inner ring, an outer surface, and a | ower surface to contact the polishing
pad, the woter2z/aibprag vertically novable relative to and ipadapsendomsky of the
substrate nounting surface and the inner ring. 12. A carrier head for a
chem cal mechani cal polisher, conprising: a base; a substrate nounting
surface; an inner ring having an inner surface configured to

circunferentially surround e edge. of a . substrate positioned on the
cubstrate moulti ngrsarraeed B it larrReest bl ol ORISR ace to
contact a poljgfyeng pad, the inner ring vertically novable relative to the
substrate nounting surface; a mddle ring having an i nner surface

ci rcunf er ent i abubptraigmaumtide seffadee i nner ring, an outer surface, and a | ower
surface to contact  th ol i shing.pad,. the ter ring,vertically .npvable

ol ative to st gSaRlia T B B iobH S SonRR g b Fsteb Y T he

i nner riagiouddthe edge of @BulthRIpokitidgcd@y theGuBdtratdumeintsig Suse€e, an outer
circunferentially surrounding the m. ddle ring, an outer surface, and a

| over subFEEe and adwiprctavinge lewier sHfase adigerent fhedneritserfagd g apicrian 4 y

movabl e hY&: [ [ face,
he i nnep P bV RaRRt i ARRARARTRS Wy shPS O 1HTA h00H PROBY 1T BB ™ T,
carrier paatinggiadawhdreiniacialighrec temircjattiqnob issdhethat the fwedr surfge adjabasehe a
substrat i%ngro slfl? alcen goesslillro]‘; 20Cnetéct the polishing pad, and wherein the inner ring vertically

movable relative to the substrate mounting surface.

14. A method of polishing, comprising:

selecting a first pressure for an inner ring of a carrier head and selecting a second
pressure for an outer ring of the carrier head, wherein the inner ring has an inner surface
configured to circumferentially surround an edge of a substrate, the outer ring has an inner
surface circumferentially surrounding the inner ring, the inner ring is vertically movable
relative to the substrate mounting surface, the outer ring is vertically movable relative to and
independently of the substrate mounting surface and the inner ring, a lower surface of the
inner ring has a first width and the lower surface of the outer ring has a second width greater
than the first width and the first width is sufficiently small that changes in pressure of the
outer ring on a polishing pad result in changes in polishing rate on an edge portion of the
substrate; and

polishing the substrate with first pressure for the inner ring and the second pressure
for the outer ring, wherein the first pressure and the second pressure provide polishing
uniformity on the edge portion of the substrate greater than polishing uniformity that would

be achieved with at least some other pressures.

15. A method of polishing, comprising:
selecting a first value for an inner diameter of a retaining ring of a carrier head to
provide polishing uniformity in an edge portion of a substrate greater than polishing

uniformity that would be achieved with a second value;
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an annul ar retaining ring having an inner surface configured to
circunferentially surround the edge of a substrate positioned on the
subst r at evonoraipg4sur f ace, an outer surface, and a bot Pomiusamilngesas | ower
surface adjacent the inner surface and a projection a bottom positioned
radially outward of the | ower surface with a bottom surface to contact a
polishing pad, wherein a height of the projection is such that the | ower

surface adjacent the inner surface does not . contact the polishi ad, and
wherei n the | I Thgy M dipRsier §f e JelBin B iElrer) dhe eonby i Ot ikt

mount i NgvAWY, fdfefoin thkirstAalRI18¢idoh nBRIZERNIPDetEQRIRAd MhB W iameter andBbecting a
first pressure for an inner ring of a carrier head and selecting a second
pr essur esubstratayendut er ring of the carrier head, wherein the inner ring has

[ f ' d .Ci nf ially f
Substrate, tnBonEenn FRae iR FRNDS R bR i T PP dRT AR '

sur r oundicigninp @ink Maeing thdi@nertdigmétenarthd fin@valge.vertical ly novable rel ative
to the substrate nounting surface, the outer ring is vertically novabl e
relative to and i ndependently of the substrate nounting surface and the
inner ring, a lower surface of the inner ring has a first width and the

| ower surface of the outer ring has a second width greater than the first
width and the first width is sufficiently small that changes in pressure of
the outer ring on a polishing pad result in changes in polishing rate on an
edge portion of the substrate; and polishing the substrate with first
pressure for the inner ring and the second pressure for the outer ring,
wherein the first pressure and the second pressure provide polishing
uniformty on the edge portion of the substrate greater than polishing
uniformty that would be achieved with at | east sone other pressures. 15.
A met hod of polishing, conprising: selecting a first value for an
inner dianeter of a retaining ring of a carrier head to provide polishing
uniformty in an edge portion of a substrate greater than polishing
uniformty that would be achieved with a second val ue; adj usting the
i nner dianmeter of the retaining ring fromthe second value to the first

val ue, wherein the first value provide a non-zero gap between the inner

di aneter and the substrate; and polishing the substrate while
retaining the substrate in the carrier head with the retaining ring having
the inner dianeter at the first val ue.
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