CARRI ER RI NG FOR CARRI ER HEAD BACKGROUND [ 0001] This invention rel ates
generally to chem cal nechanical polishing of substrates, and nore
particularly to a carrier head for use in chem cal nechanical polishing.
[0002] An integrated circuit is typically formed on a substrate by the

sequential depositi 1Y€ ; i oL rasul ative | ayers on

a silicon substrate.egﬁgaitggeEgggtgﬁxégggﬁgﬁagrbggiégf%grting a filler

| ayer over a non-planar surface, and planarizing the filler layer until the

non- pl anar surface is exposed. FoOpae conductive filler layer can
BN

be deposited on a patterned insulative layer to fill the trenches or holes
in the i d800Hti ve IHyeinventan kelatdseen¢ralleto ¢hemi¢ad meghariet pdlishing ¢f t he rai sed

pattern q i | at i er is expased. After pl.amarization, the
portions SE)IPSt{aE%’ %@%B%té%ﬁ%&e@ Y ﬁ?‘ﬁg’%&? Wecélﬁ&ﬁ?imreﬁﬁ@écc? pattern of
t he i nsulplishag! ayer formvias, plugs and Iines that provide conductive
paths between thin filmcircuits on the substrate. In addition,

pl anari zd00® i s nebubegrged cienit is Aepieally foumest oma substipte dyghe spquential
hotol it i i i.shi ng...( CVMP),_ | ted
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t he substfabricatibe siep tmtobebs depositingpd fill@laysr oped d 15dii-plgndisacfaqd, asd CMP appar at us.
The exposed surface_of the substrate is placed against a rotating polishing
di sk pad Rinagging thefllertayer ypfil deinag-planar sitace is exppsrdr Foaexampled d pad or a

fi xed- abr 38k Y&ivB¥er ﬁﬁéﬁ&aﬂq}%r&épgﬁgd %ﬂ%pﬁftgx’déﬁmsglawyﬂggﬂgqﬂﬂﬁ%ftl%ﬁales wher eas
a fixed-abrasive pad has abrastve particles he I'n a“contal nent medi a. The
carrier headlepimthedesilaivedayter.oThatiller lhysds then pblished atil tht €aiscd patteth dft

agai nst the polishing .k pad. The carrier head has a retaining ring which

hol ds t heh&imsulativg BYFHis grpased aiftenplangsuatianthggporionsf e oRguEtiveURYEr such as

a slurry,. .l i t clieim - td . : ive
parti cl esr?ﬁl?@klgdpeg?f%dth% geﬁt e& Etgr ace %?Lll lkﬁgerlggﬁifgﬁr\{b&g%gés @@Mﬁ@ﬂoooq
On one agpevitle cenduetivd patingbatwedn thsflnbtiycuits od dlscsubbieate. halditéingi ni ng ri ng
assenbly has a fl exi bl rren‘f)rane Ehg@gd to provg de an_ annul ar chanber and an
annul ar %‘%aé‘F?’HQ?g‘SPFWSdﬁ%g apprizedhe piihsiraiesutipce for photplithogaply. ane. The
flexible ﬁm;girane : ‘w0 A t i nnul ar
concentri[c rins extenglnﬁﬁqﬁ%?%lgﬁtﬂgpﬁgﬁ% mP?%éhcg{etag%$ge%\§£ﬂg§d? e inner and
out er si déanamizatsyn. drhisplaodrazatibowethoduypieally, requickstthar thesubs@ate be armmatetlr i ¢

roj ecti ons extendin 0 r fromthe appul ar | ower. surface, The
P o] on a carrier or poﬁslgng\ﬂg\fd ocyayCM'i’ apparatus. l}ﬂe exposeé) surface of the substrate

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

a standard pad or a fixed-abrasive pad. A standard pad has a durable roughened surface,
whereas a fixed-abrasive pad has abrasive particles held in a containment media. The
carrier head provides a controllable load on the substrate to push it against the polishing
pad. The carrier head has a retaining ring which holds the substrate in place during
polishing. A polishing liquid, such as a slurry, including at least one chemically-reactive

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

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

concentric projections extending downwardly from the annular lower surface. The
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1 annular retaining ring has an inner surface configured to
circunferentially surround the edge of a substrate to retain the substrate,
a lower surface configured to contact a polishing pad, an annul ar upper
surface, and two annul ar concentric recesses in the annular upper surface.
The annul gnutRReRHAg inPh) AR doBfighkdtd Bl SnlTEHRGANP s Bdind B ed tO
fit into the annul ar” cohcentric recesses 8 t he annul ar alrning ring.

[ 0005] | npdgrtﬁ"mtsabstmus;toa&taimﬂaeisubmatei, o towaysuiface cotf gored tocontasta of t he
follow ng f H%;ure The ggncentri |an and outer side walls of the

f1exible SPRYUSVEACS 8RS W SRRTERYIEFSe iR pper

annul ar s ppér stupﬁcé’ etigd 4Hnfhr rcbxswnmcm%e@tmw |oﬂhe%9&?lﬁ@hfénﬁ;r£ﬂer§e and the
annul ar concentrl c projections of the flexi'ble mnenbrane nay be thicker than
t he i nner siagditodiftinto the¢ d@llﬂmICbscenmeaﬁsml Airthd :mwtarsmtamammg)f the flexible
menbr ane W fave a 1ural {al f |rcultar hol es, .each circu Qéfé hol e

posi ti one %8Rt ween % Rt (fé SRR PAINGINGE 9B¢ PHMETeSthfidi ng

downwar di Yolfon@hg fehfiffesd M| RhcdntEinnstiridameer smleavaqrmmrﬂéme&ne%wrmce of the
retaining ring may have a plurality of cylindrical recesses, each

cylindri cmayM&wﬁmﬁlbm@@erwmmﬁheelpmnannahrntaulﬁacemfmh:emtammg riegesses,

al | owi ng nenbr ane be secure toth retajni ring wth
Fast ener s The anftsdn el g Age I adfuBEC P St araifions P APRibiE o O rhe
flexible pRmbaRAEYe BEKEOHAR thedhnd@Angbagkt bide WRIET TR antUiNows sBithécone.

The annular retaining ring may have an annular |ower portion, an annul ar

upper por of T(hﬂ flexible membrandimay Haxg apluselityeé piretar hﬂhﬁeca@mcubmle portions.

h | f il h | f
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annul ar | the aﬂh@lﬁﬂlolvxfes s@ficel Thyhhmaa, ppblesnﬂfaee bMeaétaM ringd BayBsvedh
hori zontal |ower surface, a vertical outer surface, a non-hori zont al

upper sur Phlity gheylingdrigaliregessasprach gylindrisal rggess Iﬁ@SITﬂ@l@%ﬁ bﬂ‘ﬁ@?nrthfng’v%y have a
| ower ann n r C
annul ar s%é%rzégfrlése%\gﬁ? gtsgsgﬁff@ﬁ% ﬁ%ea@&iélgnu LIﬁ’s@r acgurg(% 8)0%%]‘“71 not her

aspect, aringiaththsighers. rrmei Bexiisls @idniteshe maebd ehmbped tvta Edrfigr heagl THes an
annul ar rlng haV|ng an inner_ surface configured to C|rcunferent|ally
surround flpeablegaembigpe may b fermadeotiag clastigmaterigh sughmstsiligoge. Ih wwlarsurface
conf i gur eP'etJuRl fga}ﬁéey favRQh R o“l%?‘ ortith, a%%HLﬁFu Brtﬁ)&{rérgf

annul ar concen cesses In e ular’ ‘upper a pIurallty

of cyl i ndbodihg ragexelieswsen thaapparahd Mt‘rerq)ahldnec@hs amﬂartlt)w&qd)rﬁ@ﬁ vee the two

annul ar concentrjc recesses
retaining ring may have a plurallty of grooves. The annular upper portion of the retaining

ring may have an annular lip along its outer surface, wherein the annular lip has a
‘horizontal lower surface, a vertical outer surface, and a non-horizontal upper surface. The
annular upper portion of the retaining ring may have a lower annular surface and an upper
annular surface, wherein the lower annular surface is wider than the upper annular
surface.

[0006] In another aspect, a retaining ring is described. The retaining ring includes
an annular ring having an inner surface configured to circumferentially surround the edge
of a substrate to retain the substrate, a lower surface configured to contact a polishing
pad, an annular upper surface, two annular concentric recesses in the annular upper
surface, and a plurality of cylindrical recesses, each cylindrical recess positioned between
the two annular concentric recesses.

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

following features. The annular ring may have an annular lower portion with the lower
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[ 0007] Inplenentations of the invention may include one or nore of the
follow ng features. The annular ring may have an annul ar |ower portion with
the lower 2 surface and an annul ar upper portion with the upper surface,

t he upper portion and |ower portion nmay be forned of different materials,

and the Up@@iceRAd hh @AnUTAYugper pstibR VithQhd Bisper SERE, ﬂH@hPf)QSJgrt?organd 16%er?

bonding layer. The annular | ower portion nmay have a ptojection extending
into a copbpdiopannyibeformedekdiffarenhmateppler andahe bpper pariwntthay br jojredtto dre may

tend i f f t t aj ni ing. Th . parti
bo. har der A R0ffe CAShy B RARE ifer . e REMBIO ol mat Bo P BistRtt o i ng.
ring may betendiflgintd Badrraspotiipg receddintth@iiprer pbdio, Aid the Brdj&kidh MdyExféndg. The

| ower surface may include a plurality of grooves extending fromthe inner
surface t 8loaa theypeer surfaseeidhe piaipingsings Jihe appergortioremay be hardemyan theg nay

h Ip. ' . hori f
and a1 oo Bhrlon? 4 e AR urtb o Y ot te T bl b Rl MR BB e

annul ar  hhmularBhefa¢aolahe sataihmgeingnThie neWerdarfacd @ey fielddeatplinglityaqrer ed
inwardly frombottomto togé, 100081 In anot her_ aspect, a flexible nenbrane
B

for appl yBH§Ves Piendingoframyt A fgface topg quiersuefag. phwioutshaurface of tee menbr ane
oo gt . . |
chanber . SnGfl rleinb e U 05, ThERAMAD b ISHAHANRRR Y 00 cge

of the i nsafacandd asloped appte suefhdes , Thautn Sufde nh VRS resessdbatdve tivmabRe to the
side wall, %nd_two annul ar caoncentric gr 0j ections extendi ng dowmwardly from
the annul §P- The{mer giface may ing) regiam tapkdh fapered vyl fsemibettemttp &p- may

i ncl ude o nor e |,Qyu . i, C and
out er o QUUMB | o°of U inchEE acned. a Wi Rioking Tor nfyifERERAE pfet
ext endi ngrihg isodestrditeeda e | frexibl©me m beane fiscdwdes Thrceatiitlihagr and @nte vide mallsi s and

the annul ar concentric projections of the flexible nenbrane y.be _thicker
than the FnyrouAs| A BRAAT @?@@%@Wé@r CPREFTAHHTIIS mea%gtﬁgumragﬁv fspm e
flexible L 3Pahefitiidr ARk ogl%gsi'd@WaHQ% AnRulH BWek YurBlce R0hRR1edSo the side) T Cul ar
hol es, eac e positioned between the two annular concentric projections.
The hol eswalyarhldwspaoeldr edncestriaprojectmpnk axtendihg dvawhwamiyofrom théenrubarer

surface. 'll'he fl exi ble menbrane is formed of an elastic material, e.g.,
si | i cone. "0 8¥12%°n anot her aspect, a carrier ring is described. The carrier

ring incl g an  anfpleRfentatibls faMé Memtibd MAEMcRIME HAE 6r MOR 4fAHE €d to

circunferentially surround a retaining ring, a |lower surface configured to

cont act afqbiwishieatpresadlheaodceantricinper anslioutarsale walls of the flexible membrane
may have curved portions extending below the annular lower surface. The annular
concentric rims and the annular concentric projections of the flexible membrane may be
thicker than the inner and outer side walls. The annular lower surface of the flexible
membrane further may include a plurality of holes, e.g., circular holes, each hole
positioned between the two annular concentric projections. The holes may be spaced at
equal angular intervals around the lower surface. The flexible membrane is formed of an
elastic material, e.g., silicone.
[0010] In another aspect, a carrier ring is described. The carrier ring includes an
annular ring having an inner surface configured to circumferentially surround a retaining
ring, a lower surface configured to contact a polishing pad, and an upper surface
configured to be attached to a carrier head. The inner surface includes a first region

adjacent the lower surface with a smaller inner diameter than a second region of the inner

surface adjacent and above the first region.



configured to be attached to a carrier head. The inner surface includes a
first region adjacent the lower surface with a smaller inner dianeter than
a second region of the inner surface adjacent and above the first region. 3
[ 0011] Inplenentations of the invention may include one or nore of the

fol I owi ngigesf ur es. InfhlembAWEENsHHhSMOerTRY: RAVBCRJS BRE behotd BTk di aneter than
the upper surface. An outer surface of the’carrier ring may have a recess

adj acent folewingdenturasr fThe dowermuefagemey bavesasmallst irder dianster thamtthe uppener

surface, rtiwcal . surface nd_a sloped sectiagn cennect.i t he horizonta
| ower sur g‘é}é e'a‘ﬁg%tu H% s A e %atﬁrrl?rgglgm% TSP Jgﬁ?’?ﬁ?«gg%ﬂﬁmgﬁ?end
fromthe ThREessuidyatelull®a hbhzsitANeferSsAthi)d vertiRal f2feSs andR %Rl ségioan
annular step in the outer surface, and the annular step may have a second

vertical eumeeing theherizamtal dowersnifaeseanddhreyertcal sudeceahtie sersiedlsurfateomay ont al
| ower sur ctin e _.vartical, surfa nd the ond vertica
ot nce. " a6 RORTECIWID hiifte 1 Mol «Stfoh ™ The Rksd Fy BERR"G rFiat 000 er

surface nayp hethe euRbadfacd) dlduh@hiruyar 8fepGivdy EE aGatondacasabsurfamy be formed
in the upper surface, The plurality of cylindrical recesses may be spaced

at equal a¥iending fromethe loayes serfengmad misecand herizenipk lawer surfaee Fonpselingthtace may

i ncl ude a\ﬁ{ﬂ&l‘f SehdeYang th QS RONETerfiEh SIFARY Ad BH%M?%H&@P?J eSWALAGG O an outer
surface. e carrrer ring nay Be A "8 ngl e unrt made o et dhfe mat eri al ,

e. g., pl adiaineter ddige afah¢ iFer burfiaperiiay b roahdede Aaplugdlitybicylindpedl ro@séson havi ng
t he upper surface and an annul ar | gwer portion_ having the | ower surface,
with t he Mmaves fggBediin thej upppetirtase.+ hie plgrdity ofoviindrcal Teressen may e spagsger
portion a L i i re fornmed
OF i 1t b SqpA 3R a1 Mnld e doBr Qe TPl 21 2 Ot
met al andplutatity bogrmeoves@ktendingrfeym e ihmsrvadacefto an putes surfacee The camier ring

polyam dimd, A bonding |ayer. may connect the upper portion and the | ower
portion. R bs A StRElE nicRade ?ff}h@ SERE MAFriheudistian The satmier rBEaCt i on

ext endi ng;i-piyQ aﬁ‘gnﬁﬂﬂlﬂ I E:)rn %&tﬁﬁlz ﬁa\iiH%M%%SP i efa&’i_ id £ anndlE 140G &)g?fb'ﬁm ar

proj ecti on may exten I nner s € recess nay Ine a
hor i zont ahavingthe lowserrsiiefaee, wath the kivebe portion jeined & the upprgoetihge Thetanadar t he

hori zontal upper. surface anpd the inside wall. The inner syrface /may have an
i nwar diy PPRSE P%lpﬂ@néﬁwnga a5l PPRION Of Siciarisr g Ray %@eﬁ?@&d&fy have a

v MRS 8t A heRamey TS S cco o
step. Thelosar portion maygerfayméhoia plasticnwg_r, dlpplnamidlinﬁdl.i Acghdndmgdalyea oeayt t he
PpeT U e T B R Ao S8 it BASTar 50 b ot RUP RO N

an annular projection extending into an annular recess in the upper portion, and the

annular projection may extend along the inner surface. The recess may define a horizontal

upper surface, an inside wall and a rounded edge between the horizontal upper surface

and the inside wall. The inner surface may have an inwardly protruding step adjacent the

lower surface. The step may have a vertical inner wall and a horizontal upper surface.

The inner surface may be tapered inwardly from bottom to top above the an inwardly

protruding step. The carrier ring may have an inwardly protruding lip adjacent the upper

surface. The lip may have a vertical inner wall and rounded portions along its upper and

lower edges. The inner surface may be tapered inwardly from top to bottom below the

lip.

[0012] In another aspect, a carrier ring is described. The carrier ring has an

annular upper portion configured to be positioned beneath a base and an annular lower

portion. The carrier ring is configured to circumferentially surround a retaining ring and
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| ower edges. The inner surface may be tapered inwardly fromtop to bottom
below the 1lip. [0012] In another aspect, a carrier ring is described. The
carrier ring has an annul ar upper portion configured to be positioned
beneath a base and an annul ar |lower portion. The carrier ring is configured

to circu I i i i i a : face
NMRATS0eAddrtacs B5 4 @ croﬁfa@%de[‘bélr%gfnggﬁd. Mle 4nhiAs: ‘3’8%{3 o HAs

configured to contact a polishing pad. ul ar upper n has

rounded poubdaiportidmsrajongibe edgpeofofs uppsr supfaee aditS moer anddbutdrsliameters. and out er
di aneters The, annul ar L ower portion has a recess along its quter, di ameter
and a | on&pe %’HW%&%WW&ONI%\AE@HFW@F alopg, Foﬂﬁeﬁ_ﬁ’éfn&fer taﬂiﬁ?‘f‘ﬁg %HHJE‘&W%M ace of
the annul ghalltp iHer BRGHet? Thanl tHO hper SHIPARIGT MAdnARE ufperipdfidnivent i on may

i nclude one or nore of the follow ng features. The carrier ring may be

attached 10913] base. Implementationsrofithaigventioneay inolufle gue emors afdhe cont act t he
edge of acsubstrate. The annul ar u r._porti.Qn ve a. plurality of
cylindri ciﬁlo%%%gté%eso FATYH PR nga&?qﬁggt C.heﬁiﬁ%agﬁ%{fulhg}e PENE 8NP B may

have a pédhfizhiddyto abt @neRY Be-edgO6f A5ubdirae. TRO AN UppeHpdian m? hatd! ar
| ower portion of the <carrier ring nmay be a single unit nmade of the sane

mat eri al , platadity efscypindeedl ecesies on s yppgr sutfasge rThsainnilanlovey ppriiohwery have annul ar

step protyudi out war dl y.fromit he recess al I ts uter dia er. The
annul ar st gfs.\xagg oﬁ%r\%v%& %roh ia%%l?%?pqeb% ‘°2&P€Q§&m¥ﬁ%ﬂvor%88a‘°nngﬁ% on of the
annul ar  s¢@fera$ngdmay b dingleQiift Madeasiithd sabieOBsteSAC Silchrs Plastil eTRO MR | over
portion nmay be at the uppernost edge of the annular step. The annul ar upper

porti on aletver persionmay ingludesrangydarstepprotaidingeoutwaedly from the escesnalong ity i al s
with a bogglngahaye LTW@&%&E@M@Q{%% B%{ik&r{?&l?xg@riesrﬁ@rgé‘.' The wiist por t10n

may have a recess | ce al'ong i di ane and the

annul ar | pyvon pPihkiagRulaRSte@&VBe@tredrilgal radial GjoSCiecon Bf bt ansliladowpmar dl y
fromits upper surface along its inner dianeter, wherein the projection is

si zed to Portion may bejgetheappemsnostedgerad thesanmylap pigp+ fhe prKdar uppainRarten &1d t he
| £ i ¢ f ded
annutar -u Q%Bntﬁg{]lgbv?ﬂgﬁénV?r%\flﬁu_e%rdfﬁﬁ?%@#t dBfls #ith'a %ﬁdr&}l,gga)%ér ounde

portion al 0ig annu upper: portion ve an

i nwardly petatenite pgo Flgbnioah.ombe alfimlariuppérpotii ambehavefa tetess wphelovr f ace,
wherein the lip may have a vertical 1nner wall and rounded portions al ong
i ts uppersuifige plone its drnge dianjetinand the anpdardewerpostion may hayean amblagenbr ane s

e I L e e L

ext endi ngthkpesiedtion iosized toefilgatoahe tdeessniihe rguesd dlomyg the inner diameter of the
annular upper portion may have a horizontal upper surface and a rounded portion along
the inside wall. The annular upper portion may have an inwardly protruding lip along the
inner diameter of its upper surface, wherein the lip may have a vertical inner wall and
rounded portions along its upper and lower edges.
[0014] In another aspect, a flexible membrane is described. The flexible
membrane has a main portion with a lower surface to provide a substrate-mounting
surface, and an outer annular portion extending from the outer edge of the main portion.
The juncture between the main portion and the outer annular portion has a peripheral edge
hinge and an annular recess above the hinge along the outer wall of the outer annular
portion. The peripheral edge hinge has rounded inner and outer surfaces and is
configured to be compliant.
[0015] Implementations of the invention may include one or more of the

following features. The outer annular portion may have an annular recess along its outer

wall and an annular step protruding inwardly along its inner wall. The annular recess
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The juncture between the nmain portion and the outer annular portion has a
peri pheral edge hinge and an annul ar recess above the hinge along the outer
wal | of the outer annular portion. The peripheral edge hinge has rounded
inner and outer surfaces and is configured to be conpliant. [0015]

| npl errentlﬁg_?: AW BF ahf@ar pHHEEH toPfexTBhel aﬂﬁﬁlﬁgﬁeﬁ’ﬂﬁy ‘Bﬁv{ﬁ’&ﬁh&izo&ﬁ? uppdg! | oW ng

f eat ures he outer annul ar port I on my have an annu recess a ong its
outer wahfl lewat sarfacasn dihe flexibépmpmbrane diay drai e twey mryalalﬂapgcémmcﬁed tethewal | .

may have 5K RBTRSRIA Snspipur Lok AN SRR sohtebecale e BainmO fnbr ane moy

have two TaRmwbahmilhefsps Conneeddad thodtéreannMt pértidh AdyHav® @ hbligshi@nd four
concentric annular flaps connected to the main portion. The two annul ar

flaps co m@teqneqxtftndmghewmlneanchmﬂmkammp diheirion mambe lsaniagusedtor hezssourad to por ti on

extendin i_ck r conf.i,qgured e secured
to a bagggeaésﬂg r?r@%y%%hgp il aﬂ)lgula ?‘Pu]ing}' E?Ye apnar%(iswcr@\%z%{ltﬁg)r Pﬂ)%t&lalﬁgﬁﬁi zont al
portion tibaer dnfiglar iepeThaimnsinddst Ebrpntrit ABnIIANEIP R he AONRERE fiatn ?dmuﬁ ar flap
connected to the main portion may have a horizontal portion ex di ng

out war dI ynayshavppdrrigenlnostion exiending etwaulds adhick rine aleag theornteriedgopf i on, and
| d
an annu Q{w %%?[Olg%}l Bgﬁihhozﬂldj aﬁ)lI a?lﬁglap grf%\@dﬁg FI‘? b ni?edrbe ere;[nI B0 mA %orhg'r} %ndil us at

hori zont a €’ annul ar ave a

i ts j unctihe Rorizohiahpbdiien rdhe apalr angleti pafticit may Ba\delarlﬁltguf fadiMstalﬂ it Rmctwes | zont al
portion. The three outernost concentric annular flaps connected to the main

portion rEh e aimpersion thayat its Junchse withhe korizental ReFtipRofhe HEehRutermnst ti on, a

h t k
- ong t naenfld At R RS ERM hDTaE bl iGAnad Talh Rle o Mibealpbelofi T T
be secur egltending flvms eheansiapbition, 4 heritomtal ;)Oﬂioalextmdinlgd‘fbmfﬂ)e Vetyeal porsiohl | er

t hi ckness than t he vertlcal grtl n gf at |l east one of the three outernost
concent r i3d aAbigk sm alppg the quisr§ he gorizputal ppr1ggoheigH the thick BBGRY and

third outgl % fbeng EE&Ts'feﬁaﬁngﬂea}{or bARE oﬁ%&%?%%ﬂe%%n&lﬁl% Y aL' on fay

have a ratio © i zont al por lon to vertlca portion
bet ween ahmuﬁu&ﬂ@oanﬂcﬁaﬂkaﬁmnheﬁﬁmthmeooknhhacbhwm&unummkmﬁmpsconcentr|c
annul ar fl aps coancted to.th naln ortion may include a notch at the

j unct ur e ABRSHES O themainfortigiht i g ﬂé‘ﬁ%lo‘t“ﬁ’én‘?ﬁéF?ficéaﬁmﬁé‘Ptﬂ% apspher ei n
the not ch Rl th Y ﬁlgﬁa aﬂre)?[??rz% ﬁéve a%ﬁf; 'on&ngf?l Jf'h%}‘lzc‘!ﬁﬁlt &e&ﬂ ¥ lef%h beast one

of the concentric ann aps” nmay | ncl ude not ch he juncture with
t he mai n vedical portiomhetmeemabdue 1rfodnd!?.Grast leedwoe oﬁﬂrephmes sutemaost rotdeatricmai n
portion. annular flaps connected to the main portion may include a notch at the juncture between
the horizontal portion and the vertical portion, wherein the notch may allow the horizontal
portion to flex vertically. At least one of the concentric annular flaps may include a notch
at the juncture with the main portion, wherein the notch may reduce compressions in the
main portion.

[0016] In another aspect, the invention is directed to a carrier head for chemical
mechanical polishing of a substrate having a front surface, a back surface and an edge.
The carrier head has a base assembly, an annular retaining ring positioned beneath the
base assembly, a first flexible membrane shaped to provide an annular chamber
positioned beneath the base assembly and above the annular retaining ring, a carrier ring
circumferentially surrounding the retaining ring and configured to contact a polishing
pad, and a second flexible membrane, wherein the volume between the base assembly and

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

ring has two annular concentric recesses in an annular upper surface, a lower surface
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[0016] In another aspect, the invention is directed to a carrier head for
chem cal nechanical polishing of a substrate having a front surface, a back
surface and an edge. The carrier head has a base assenbly, an annul ar
retaining ring positioned beneath the base assenbly, a first flexible

menbr ane shanpackde c@ﬁt@é‘tiaq%llﬁﬂiné'f)ﬁ&',l&H_aﬁ%@%fa&%ﬁhﬁéﬁ@@% beneath the base

assenbly and above the annular "retaining ring, a carrier ring

ci r cunf er eiruindktentially suoondd thy adge of esabistratedo rétaig thnshbsoatei Fhe fiektt 0 cont act a
pol i shi ng .and a second flexible nmenbrane, wherein.the volu bet ween

t he base %?@@%ﬁ??ﬂéﬁ%Fﬁ%ﬁ%@é@&%%ﬁ“FFE%PBP&Hﬂ%ﬁ%?&H@nlagﬂgwgwwﬂ_ g&@@Pizable
chanber s. ankiuar 36Vt saffaée wefdim the anhillar SR tMP pﬁ?éwﬂo% afe Qe8RS fit fid fe€sses 1N
an annul ar ugper surface, a |l ower surface 6 configured to contact a

pol i shi ngaIBBkAr carcentiie reersees of ihg arpwlas settinggrring. tThe cairier uimizdwe an amxular

surround rate to.retgin.the substrate, The first
f1exible {P@eﬁﬁﬁg‘%@n%{é%g{‘%g‘?‘%%ﬁ grrpocrg%%e ersmt r%}”ﬁﬁ’?rﬁﬂ% has @ EfeRsAlpe
downwar dl jts futemndiameteBNThE ScohdAEibIS Widntitne NAQIRAIR poRfNARIMA Bweoncent ric
projections are sized to fit into the annular concentric recesses of the

annul ar r 8rEcaingrorids g subreatemopnting surfsge rdanouteranaubyr potipspentensong i on and

I ' in.the,l . ti h . al it
out or i airerafEbyReedasdl ek Hofidd GncBIEL WARGH! BAE OB i BRTGRERTD | ouer
surface ttheputyagieular fxiict ¢ontiprise® pript@rd difekiagansl aNarilR e Ubogé potion

extending fromthe outer edge of the main portion, wherein a juncture
bet ween t H& hingeplongthe ewternwall of e oyipr ernyarertion. pbhe pesipheighpddedungeshas

Dol P oureEini8 M s8R IH R:chBEGEE AROKpIAE [ nde 2 ond L he outer

wal | of the outer annular portion. gé hinge has rounded
i nner and[08aTler surmsiemestationssof tloninyguioadndyoinblede ondbr mote. of {171

| npl enentfl%onrésgaﬁgf the i nventi gn may i.nclude one or nore of the follow ng
f eat ur es. fotewingfeatugss. Ths gamiey headmayfurthgringlude 3 hppsing Rertign e besecuesdpe

secured. i, Givihif, SHALE HOBRESUuien R BecARREMLY tiTOuRE, SOARGCHAE L G he

housi ng portion. e carrier ring gured to app ownwar d
pressur e tarier nxgy mshbeagordeyreditbepplyevdosarnird pessie & apglishag pad. The carri er

ring may be greater than the downward K pressure applie y the retaining
ring. The Mmrgrprqsma apRNe B ERFE HRE made &reafegithan tﬁaﬁ%wnyﬁrdt han the

ret ai ni ngpickdie apbiied 87 BRBikiRg HAE. SROLAAE: Ay BORIHAA ofh chderipay 11 er
ring may be At 1dast as w de as the grooves | the annul ar I ower portion of
t he r et ai mategal thamthe rdtamicgring.eThdygadvasay theaanaular noatr ipogionarfiphd cederof

al um num .The s fl exi.

fla whBR&may %g gg ast s éwgelf ae%thgggﬁagﬁnig tﬁrqa%/rggza\f ?O\Serri)lol#tric?rl cl)tI t};e Pgtair%?lgu' ar
PS, r

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.
[0018] 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
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may include a notch positioned and configured to reduce dowward | oad
transmtted from at |east one of the chanbers through the at | east one of
the annular flaps to the main portion of the nenbrane so as to reduce
conpressions in the main portion. The second flexible nmenbrane may have a
plurality;Rimae . r : e may

i ncl ude ac n%ot?ﬂ acfglgtsg G%Zdl% gvrvgtta ﬁit(lanéat ’Eaaggp{%{)g%f%P ’ %Iﬁlgm g%ﬁtf%r&?{&;ps to
fl ex whetontaoea poleshmgrpadi Shadegerasurface dfdhartiting ringias b phadlite of probey s.
[0018] In anather aspect, a carrier head for chem cal chanj cal .polishing
of ) surrding T edonsrsitacE S ruane cREsS e onis setRq GhpgaitREs 4
base, an @iledbwer SirAtOb e Chitr AREhE £RLFAIRY of $B8ves ERfenliftigdtdth § ring has
an i nner _sur’faecewgonfi gur.edetco g:i rgum‘ e?lentl?fé?l%/ suersrourllldﬁl?he e(qu of a
subst r at annar sndacei of thheardetring tatthe outar ssfaee ofthe kamrier ring reshdahd plueaditysoff f ace to

t act | i shi d. Th i g h i f 7 .
ci 1 cunt erBPRYCAR (edoPFoHHaFTg FraeTist Hraftginerien e bk dgsatesin ang a
| over  surtheffver QurfARM e refhiding Hapi ng pad. The | ower surface of the

retaining ring has a plurality of "grooves extending fromthe inner surface
of the rd081Hi ng rilmplemeentations of the isvantias magfinglide orstarimmiragf thei ng, the | ower
surface of ,,t he rrier-ring.h | ural it f. agrqoves extending fromthe
Thner surPledge S Tht PlpofRerd oy fuac ool FRdERe FRHRERE R4 ot 11 o,
and the plubstedtd mbulting SirAGY &%d laNoddRorh NEJubsHté AfoRnahg §ltfacedhliteer ring are
w der than the plurality of grooves in the |ower sur% ace of the retaining
ri ng. [ OCshbjtratenslleadeimomttheretaining ring onrhepalisbingmad and e leaddromn shegarmasr e of t he
foll owi ng.features, .The carrier. head i pel ude subst r.at e .backi ng nenber
havi ng. & T BPnERE R BFRER0aTR AGSAS PrsHRSHRERR 5 o ount: ng
surface afehb& mHLipshudah Elexibld M bfane MHRuafity2d M Hiro@vek imtheowéeragd i shi ng
pad and a |oad fromthe carrier ring on the polishing pad may be

i ndependesfithg cagmgrrineampe be gt Syilss s wide asdbsplugplityehrepverdy thedewvete a

fl exi bl e nesabr he. pl ur al fi:. Qr i . of the
carrier ri 6 err(gf;}ﬁ%(raé[aalﬁgl trﬂtg\'/\n!ﬂééeglélgal{}\ﬁgaggr\ég%sﬁg tl%ﬁqﬁ}dﬁﬂqﬁfglacgk{ %glr%%gglgg in the
lover  suiidg@r@ey bé aligirdvatlaths iphgality 0@ grobhes iflthd Riwet yurfdce @f deveiding t he | ower
surface of the carrier ring my be aligned with the plurality of grooves in
the | ower®yrface of the retaining ring. [0020] The details of one or nore
enbodi nmen f the 4ynventi | . Vi r.aw ngs and
t he descrlii)g%(lﬂon belg%.&%;lhébgoﬁ Eeglf ﬁlg%aes%&%tﬁng% %,()Hzglné% gg\%%’i&a%ggmgflﬁt he

i nvent i onthwatdontpanpinpdrawihgd arahvhé Hesceiptian bgdowo Dtkerdeaumsy objsts, amtl fr om

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

the claims.

DESCRIPTION OF DRAWINGS
[0021] FIG. 1 shows a schematic cross-sectional view of a carrier head accordihg
to the present invention.
[0022] FIG. 2A is a top view of one implementation of a retaining ring.
[0023] FIG. 2B is a bottom view of one implementation of a retaining ring.
[0024] FIG. 2C is a cross-sectional view of one implementation of a retaining
ring.
[0025] FIG. 2D is a cross-sectional view of another implementation of a retaining
ring.
[0026] FIG. 3A is a top view of one implementation of a flexible membrane.
[0027] FIG. 3B is a cross-sectional view of one implementation of a flexible
membrane.



the clains. DESCRI PTI ON OF DRAW NGS [0021] FIG | shows a schematic
cross-sectional view of a carrier head according to the present invention.
[0022] FIG 2Ais a top view of one inplenmentation of a retaining ring.
[0023] FIG 2B is a bottomview of one inplenmentation of a retaining ring.
[0024] FIG 2C is a cross-sectional view of one inplenentation of a

retaini ng[0028jng. [ OPIZHHARS StopaBew f anCingsiemenatioOdr carli@wird anot her
i npl ementation of a retaining ring. [0026] FIG 3A is a top view of one

i npl ement @0?¥n of G &Riine bowempiemel one[ipplementationaB ajcarrier cingss- sect i onal
[ f ' | ' ex1h) 0 FIl G AA | t
O RO T oo P 1y T MR o

vi ew of of#831]npl enefiliGH ¥Dmndf4Faare akrdsesedtiongd. vi¢ WO thdrlifaplchienitBioas of a
cross-sectional view of one inplenmentation of a carrier ring. [0031] FIGS.
4D and AFF%HYE ™8er oss-sectional views of other inplenentations of a carrier

ring. [ 00[%332(}:?'8 Ggf MBs. 46 269nd k€ @m%g-ge%ﬁf)g%%«%&%{?ﬂém?f)ile?{@léﬁ{ons of i al

i npl ementat | a unitary carrier ring. a par
cr oss- secunitanadarnéramgof a fl exi bl e nmenbrane. [0034] FIG 6 is a bottomview

of a carrj head. 035] Like reference synbols _in the various draw ngs
i ndi cat e Wﬁi&l el eme&rl?}s?glL Pl erospresipnab TIeneT pilgublemaeabiangg to FIG 1, a

substrat eodfywi | | bggpghd ég&%npy{?@l%{gg;k@églhea({mchani cal polishing (CH P)

apparatus that has a carrier hea escription of a CM apparatus nmay
be found [0833). S. Patikatcftloncesynd®]sindhe vdrmue dtawingdindichiedikeelenfenwshi ch i s
I ncorporated herein by reference. [0037] The carrier head 100 includes a
housi ng 102, a base assenbly 104, a ginbal nmechani sm 106 (which may be
considered part of the base aPFIMILEDIODBICRIPTIODAMI ng chanber 108, a
retaini ng[(){)ég]g assel@'i:%inigqg lFijgl lr,]g sgbsttr%%ealiOn\ivirl]lgberllorlllghezdot?y 2 Ql(ljen?ic;li st

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, a retaining ring assembly including a retaining ring 200 and a first

flexible membrane 300 shaped to provide an annular chamber 350, a carrier ring 400,

and a substrate backing assembly 110 which includes a second flexible membrane 500

that defines a plurality of pressurizable chambers. Other features of the carrier head

described for a similar carrier head may be found in U.S. Patent Application Publication

No. 2006/0154580, the entire disclosure of which is incorporated herein by reference.

[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, 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
9



fl exi bl e menbrane 300 shaped to provide an annul ar chanber 350, a carrier
ring 400, and a substrate backing assenbly 110 which includes a second

fl exi bl e menbrane 500 that defines a plurality of pressurizable chanbers.

QO her features of the carrier head described for a simlar carrier head may

be found fidkible enftREEY¥00ARRM Bﬁﬂ%rgﬂrfg)&tglbg%g?rgprno%f azrg?%tﬁlr%isgﬁfaé% %383g the

entire disclosure of which 1s 1 ncorporate refere ] The
housi ng JlDsubstaate d@neral ly be circular in shape and can be connected to a

drive sh t t her ey ' lishing. Th be t
11 Ust r atB391axt endteTeri S SiS HARoR R0 Fhbe Brlduik 1 BB ERg| Jof { he
carrier %@nbl%@&mp-gh% RBaR ASIHTY!194. 191 tetaifiny Sk las@hinyy BRVED! € assenbly

| ocat ed beneath the housing 102." The ginmbal nmechani sm 106 pernmts the base
assenbl y coostructedyfirom alretailing fing20Gandvetlexible shampran23 Whihapedotogrevitle ag | at er al

notion of_ th ase a 04. rel atjve to the. hqusin 0 The | oading
chanber 198 ag?l]laél& §§5gﬁbﬁeiﬂmpﬁgnﬁég ic%giﬁfltémg%ge%éé@%eé&%ml y 104 to
apply a |@asbrahe 800 aitl EpipuRddo PE S&tida0 Fhe IBIiBIRImeritatd1B)0ase assenbly
104. The vertical position of the base assenbly 104 relative to a polishing

pad i s all8840lcont r ohs dwwiyintHie. 2436 thy retainimgering 260 hatra isndysurface2Packi ng
assenbly 110 .incl udes | exi bl e ane .500 with l.ower. surface 512

t hat can a|51 r%lél\/1 Pag" %‘1"%8% 2%%9n’ghesﬂp?rasgég$egg I %?nsbﬁ 58 Pﬁ%‘frgd %b‘.:l_rc[uﬁg?g]lﬁ ferring to
FI'GS. 2A-siBouid Selagé af £subsireen 0ke rdigh thdybardteHaniny p&lishindg Tha3Sed! y
clanmped to a base assenmbly 104. The retaining ring assenb can be

const r uctdfaed H1A of the reiaininggingi20§ caobe hreysht intossonkce with aipodishing p@l. shaped t o
id . 3 i ni i 00 b it d
provi de apn,. r%{%ﬂl%%‘flrelg ng ana g](.}gngperr ShA RIS chi H%roeztbwé) a(Sﬁ%QI&F g(a'{%glgtlrlfb |hgne

beneat h the exi rane nd“confi gured

f1exibl e rgpetbssa39. IB6se dndQhP orkenteia ¥desded 283 cartbe dfed folistefloélawithag ring 200
has an inner surface 231 and a | ower surface 232. The inner surface 231 can

be confi dflgxdele membrane dP0aiositioped alpve sherretsining ring 28Qge of a substrate 10 to

"ot ai i ng g 200 Dty A nB0 ke S fomatE AR, RAeibilE

retainin g 200 can 0 con h ap I'ng pad. The

r et ai ni ngportitrg20dhdmsupper ainlir portiop@36. THE ldee poltivin X3 rcah & €orined ofanul ar
concentric recesses 233, These annular concentric recesses 233 can be sized
to i nter |BaRrighwhickis chemiqally anerbing GME Psorgspeush asarlastishdge t he retai ni ng

R e ML

portion 23areate. hreadditiore cthedbwar portion should be sufficiently compressible so that
contact of the substrate edge against the retaining ring does not cause the substrate to chip
or crack. On the other hand, the lower portion should not be so elastic that downward
pressure on the retaining ring causes the lower portion to extrude into the substrate
receiving recess. The lower portion of the retaining ring can have an inner diameter just
larger than the substrate diameter, e.g., about 1-2 mm larger than the substrate diameter,
so as to accommodate positioning tolerances of the substrate loading system. The
retaining ring can have a radial width of about half an inch.
[0042] 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.
[0043] 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
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material which is chemcally inert in a CMP process, such as a plastic,

e.g., polyphenylene sulfide (PPS). The | ower portion should al so be durable
and have a low wear rate. In addition, the | ower portion should be
sufficiently conpressible so that contact of the substrate edge against the

retai ni NGinfigiger A9 bn BRISRlARE: SHASL ALt PHE m}vﬁ rin 284,38k gor(l:ﬂ"at he ot her

hand, the |ower portion should not be so el astic that "downwar pressure on

t he r et aifhishgurfacegvheaeithedwohimgh 39 123p ondet when thegatajodedi nt o t he substrate

receivin ess. e.lower porti.on of .the retai.ni ng rj.ng, can,.bave an inner
di anet er g[jo{)fgﬁ | ar glg!’et?’ﬁa?ﬂn‘lﬂﬁ%p%%%sﬁa&bg aﬁ?ﬁﬁét‘@ﬂ‘,agﬁ"ﬁ{_}?_ 151?58&3 1-2 nmm | ar ger
than t he weubsdnrtadifadh@nbiiBfaces. SThetontihgd&e? TIB BatwReR A tWoditge@ah Ol er ances of
the substrate | oading system The retaining ring can have a radial w dth of

about halmrevent irepmming ¢lodurry immthe reipiping rigr (Therbondivg ddyer ban bemadamiofam ri ng 200

can be formed of . rial that .is nmore rigid than.t | ower portion 234.
The r i derurpafrisbies 2 bl Fhrind o Bl Lt e bRE iel I BB o TR or

al um numregists de@8dABO @ tiR: bndirg 16y6r 236 doé mﬁgleheatanﬂﬂ@t@rponmlgE'to%legis-. [0043]
When the two rings 234, 235 of the retaining ring are joined, the upper

surface dp ceraniBRiemeptstipnsg thexxpexy inchxies polyamifdead atiphaticaminge | ower surface
f th ti i |y antially th
cane i naBgs) 2% ik abBe sk bR WpRADARRCLS iR RSAERH LY 1 Ne

sur f aces @holes 2h2twithnerew\sheaihs ¢ot 3B8wn)A3 Dededlefasdienets, 4ath sidlBcRreMigoe t he
two rings 234, 235 neet when they are_ joined. [Q044] The two_annul ar
por t i ons athes haedware, fersequiing the setaigag ing 20\ ta theofiecibls anepplarane HY ¢ adj acent

surfaces.  [ig %P%V@ . lﬂq{ole%%g2%%\3@%%#%&5%ar%£@ﬁw?@§in#§ d@yggep'}d drd @PPi Ng

of S|UI‘I‘)PII’] e retalrning ring. yer can an

adhesi ve pmit@hédibetwsercthe aso ansllaveonoentrigreeessas 238t - curi ng epoxy. High
tenperature epoxy resists degradation of  the bonding |ayer 236 due to high
heat duril@¥4lhe pollnspmsdmplegcatagions, the reining Hng P9 Bw&rimﬂ{g slufiye  epoxy

| nel udes el LA 9)2 K BASA BeANBRRr ORI THE P REHSpBHchARRICT the

upper portio can include cylindrical recesses or ho 12 with screw
sheat hs (extdndstommvhe ituoerrdéaméterctoftesdaeratiametsuctithaovimipbgionst3ddasallawving ot her

hardwar e, for securing,the retaining ring,200 to the fl exible .ne ane 300
posi ti onetIRLHIRAS r?“‘%h"ee’%‘l‘%rsmé}iezm 19T Bgthé\y"etﬁllnylgsrb‘é& l%rwltl}ﬁ]ﬂng'ﬂg{“? et ai ni ng

[00d6] 1 e e o pani M B LA L O e e o

slurry transport channel 222 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.
[0047] In some implementations, the retaining ring 200 has one or more through
holes that extend through the body of the retaining ring from the inner diameter to the
outer diameter for allowing fluid, e.g., air or water, to pass from the interior to the
exterior, or from the exterior to the interior, of the retaining ring during polishing. The
through-holes can extend through the upper portion 235. The through holes can be evenly
spaced around the retaining ring.
[0048] In some implementations, the upper portion 235 of the retaining ring can
have a lip 237 along its outer surface 238. The lip can have a horizontal lower surface, a
vertical outer surface, and a sloping, non-horizontal upper surface. The lip 237 can
provide a hard stop for the retaining ring against the top inner edge of the carrier ring 400
as the retaining ring wears during substrate polishing.

[0049] 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
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transport channels 222 fornmed in the |l ower surface 232. The slurry transport
channels extend fromthe inner dianmeter to the outer dianmeter of the | ower
portion 234 for allowing slurry to pass fromthe exterior to the interior
of the retaining ring during polishing. The slurry transport channels 222

can be e‘f@&k%d%@lﬁﬁ@@toﬂﬁ@ PG‘I@IOB ke tHee&L@ér@hﬁgcer Hem&f tlgalgﬁ Fhid bdess bignsport

channel 222 can be of at an angle I'ati ve to the radius
passi ng plrd)qupactdfer thua‘»rdeeWallsmé ocflﬂmﬁmdlbiemnﬂmwe’i(}ﬁ) toiroll Whef tlebout 0. 125
i nches. 8 17);# | ementations, the retaining ring 200 has one or
more thrd ol é%e‘f"ﬁﬁ?te xtend through the body of the retaining ri ng from

the i nner[ogls(ﬂmat er Ih@0&19ﬁngl@ﬁl‘éﬁtratlgﬂlsatl’f@hﬁﬁerfp@ftm%'13(5\’Mf'ﬂ193 fetdithiflg rifig Gan bl I Or
water, to paSSfromthe|n erior to the exterior romt%e exterior to

the int ervind¢r at@if lowes sueface thamigs nppey smfnorangop@xanmw ribe inmpgesurfape aixlgmnhol es can

epaced atBUdCPREsERaR Aol SoPt R R dat Tk aghERetiRe BReiih PERISF I upper

portion %%ttqufeld\}ae ve@ical reziod 242 NThe ealpereh g[eo@z&o éhn%’e7ad§?dc@ﬂlghé Ieweput er
surface 238. The |lip can have a horizontal 1ower surface, a vertical outer

sur f ace, sarfelc%pféh@ppmgporﬁ@nmér iThe innar surfase of e wereportivne234 ¢andg7 can

Carrior oA hot PRSP oRTorl TRk Bfiod R PAR e s BB T g '

[ 0049] | mag@Wer ipfiet @flen§atdice BSthetrBl@uﬁJAgt g Hrevds FeadTh Af adjdventfiyxéble por ti on
235 can forma recess, 246 above the |ip 237 (the portion of the outer
surface dpnkraphihal prgvides a subsiraeageuningspefagey elnadditin, gosomeon of the outer

320 of tAEPRISTEioRS e erbitt BuGEGERRC B e Hahliese SRARRoARA sl BET 1Nat S0

[ 0050] Irsusloa@tmgpé gnpzmy&hbons t he upper portion 235 of the retaining ring
can be w.der at its lower surface than its upz}gr surface._ For_exanple, the

i nner surlP8¥d 231 dafompayplenepRpens shevayindil 4D, the ypRer suHesfithe (i . e
havi ng dq&g Asrfich 932@15@ :;E{bjggﬁMA{ﬂBalt&t%llagf&tQQ%QEL%WP g%c%gsclﬁ thd egl on 242.

The tapered regl on adj acent t ower e upper
portion 21867er stinface of ke uppurfppeitorii3st e lpojection@ddican b2 ddnudame.pe  vertical . As

t he | ower rtion of the retaining ring wears during. substyate. polishing,
the narr mg@@m |¢\‘?\E"1"‘“§’t§‘gfr5’89a‘6’; apive Pofigrsd Hhe 1nRer S;S‘Ffré oiBvear on an

20 oent o PRI GG tng maubiates dhaluagayhace. |

retaini ngauterwgrtmahwblda of thatpecjestianl244. mwoperation, this step feature transfers shear
force on the lower portion 234 from the polishing pad into a lateral force on the vertical
wall 230 of the projection 244 and a compressive force on the associated portion of the
bonding layer 236. The tapered region 240 is illustrated as part of the upper portion 235
adjacent the projection 244, but the tapered region 240 could be part of the lower portion
234, e.g., the inner surface of the projection 244 could be tapered.
[0052] The retaining ring 200 and a flexible membrane 300 together form the
retaining ring assembly. The flexible membrane 300 is configured to be clamped above
to a base assembly 104 and secured below to an annular retaining ring 200, providing an
annular chamber 350 above the retaining ring. When the annular chamber 350 is
pressurized, the flexible membrane provides an independently controllable load on the
retaining ring. The load on the retaining ring provides a load to a polishing pad.
Independent loading on the retaining ring can allow consistent loading on the pad as the

ring wears. Positioning the flexible membrane between the retaining ring and the carrier

head can reduce or eliminate the impact of carrier distortion on the retaining ring which
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stick coating, e.g., parylene. [0051] In sone inplenentations, shown in FIG
2D, the upper surface of the |ower portion 234 has a projection 244 that
extends into a corresponding recess in the |ower surface of the upper
portion 235. The projection 244 can be annular, e.g., extending around the

retai ni Ngyckdrd WheAMek $80YisREreBOP idchR 6 tlcalite e eTheSdiinhiRGForPt tflfg%arrfegt ai ni ng

ring to provide a step-like feeature. The bonding |ayer 236 can extend al ong
t he out efistortionredaicesyhik unefentwear pn thearetairing fng,. reduces prcassivaniabilityi a tist ep

feature transtfers shear .force on.t.he |ower portion 234 fromt ol i shing

bad i nt o SBENEIde e nabisR he Bl e ihass b5 u8R Frtfonsing Tised e 544 and
a conpr ege033 f or ceaPdhovhan FS8A A BBUIHE TlekibRmeibiaAe 300 ARCERPenhtAY Rine36. The
tapered region 240 is illustrated as part of the upper portion 235 adjacent

t he proj @adioyter sida walls 824 hEhe Hprebledngrlranm3 Muandwvu¢ d pbis of annulafrimhz2? ower
ortion 234.e.d.. i f f th [ ecti I
!to apelr ed. ef‘?fﬂgﬁ h%ﬁ%oétgﬁ %%‘nﬂﬁ{‘f a?(ﬁ% 3 %gﬁtggé%de (%e ?) irf @)? ?sg(ie;&%\gsﬁ#aﬁg{ég%ﬁﬁfeoget her

f or m t he mémbahdeditbe dlfpabRetsy assdmblyf 108X £clamipai sitfied Bele@nhé gur ed
to be cl anped above 0 a base assenbly 104 and secured bel ow to an annul ar

t
r et ai ni ngnpplagrime 322 of theiflexile membsaguiAdditionakhp die Beublg meepebrange3t0dtagi ni ng
ing. W | ' i i bl nb
b 0v; des IgHEES AR Thef BATBE by athulal coREBRRUEbEons 98 cklefitiod © TEMLENP

on the relonwafdly fiofgthe haxuldelwar hafade bothe fleaibls hiemdraird Thedewh@pndent

| oading on the retaining ring can allow consistent |oading on the pad as the
ring wearconcemyds progsshiprs 13ecan begizsel &0 Hintn tha anpdansossentferecessss A ring and
the carri hm i : j distortion
on the r iR iRt AIng FiekEhg3ing o0 Bolbfed i MRAGRE pfillt®) JL21004' U0

t he carri[@054]jead. The fidxibie priibeame@00tdfitlse reminingring dsseinbiyt ¢canrberfergies t he

uneven wear on the retainjng, ring, reduces proQcess, variabiljty at the
subst r at ef@dpaierialibatanelpstics alioyyiag ﬂ}‘r’dp?@h‘iaﬁﬁ?Opﬁ"é%‘érlﬂeégre?%“%e%@@lci ncr easi ng

ring lifeti i 'm%%'i e fl exible nenbrane 300 has
concentr ﬁ%ﬁtﬁﬁ%é’?ﬁggﬁgieosﬁ?gﬁgg%%ﬂh\%aﬁeﬁéﬁ. rlg s?I exi bl e menbrane 300 can
have a pd0053)f annulterlowensurfZ2e of th fleriblawgeinbranz omt miclude airdulambedesdi 2. f r om

the top edge.of the side |I's 324. The flexible nmbr ane .can.be cl anped to
a base as?@r%‘lcylalgﬁleﬁﬁf%c% Ratpiaoed Getyisen ﬁieéWB&nB PIGTOICEAIIC RIMSAYARS i ns 322

of the fl iéﬁh%ﬁﬁm&'ﬁes%ﬁg@-Irohﬂ@ﬂklldwellsﬂﬁaéé SPthOnexiBRRiAPGnd0Phdras  a

| ower surtace. ere can be two annul ar concentric projections 326 extendi ng
downwar dl girchitap holeh 81 2caudcaominodete fasterfeass suahfastbolis,fscrexishdreothentiardwese, These
annul ar for securing the flexible membrane 300 to the retaining ring 200. In some

implementations, to secure the flexible membrane 300 to the retaining ring 200, an

adhesive, e.g., Loctite, is placed in the recesses 212, and one-way screws are inserted

through the holes 312 in the flexible membrane 300 into the receiving recesses 212.

Thus, the flexible membrane 300 can be effectively permanently joined to the retaining

ring 200.

[0056] In some implementations, the concentric inner and outer side walls 324 of

the flexible membrane 300 can wrap around below to form a lower surface with curved

portions 328. When the flexible membrane is secured to a retaining ring 200, the curved

portions 328 can extend below the upper surface of the retaining ring. The curved

portions 328 provide a rolling hinge that permits the bottom of the flexible membrane to

move up and down in response to pressurization or evacuation of the chamber 350

without substantial bulging of the side walls 324 . In some embodiments, the annular
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concentric projections 326 can be sized to fit into the annular concentric
recesses 233 in the top surface of the retaining ring 200 positioned bel ow
the flexible menbrane. [0054] The flexible nenbrane 300 of the retaining
ring assenbly can be formed of a material that is elastic, allow ng the

menbr ane s Bi?é‘an%fck@hﬁ%%er%ide%ls%'_lzﬁ%tfitH% fIRIE W el braf) T}ﬁgahyﬁgr sil'icone

and other exenplary materials. [0055] The |ower surface of t Xi bl e
nmenbr ane eoagentme progestiony A6 cn alrol teghBe: tharthe stdervealls 824hol es 312 can be

position t ween wo_annul ar centgic ojections. 3 and can be

evenly sﬁgge aroun‘ytﬂﬁﬁglelr N&TPs ggdglst‘}f’nﬁ%‘ge‘?ke%?ﬁ)‘?%S%%Wﬁ&ngme

circul ar frovids actihé edge prceREIRESL mefcﬁﬁie@mgaog%kmd&?obﬁbhﬁl opCrews, or

ot her hardware, for securi ngtthe fl exi bl e menbrane 300 to fghe retaining
|

ring 200.referensogeofithgeasrierhead toths surferesd dhe polishingfpadx ibadditiemithesaerid00 t o

recescos D00 seRsRIR pPiBTNER flerefil pL® ook Bragis R a2 n e

f1exi bl e rifgAB0ER CordRAréd o ifc i féremRilly isiBolRbERERSNE Hdg 200N Uske thé1e Tl exibl e
menbrane 300 can be effectively pernanently joined to the retaining ring

200. [ 0056Rinipg Haghs lopies sirfacs 1 d o thercpmies sine 4AP cpbe hiswghtdnty eoutast si de
wal |l s 32 18 - I bl e menbrane 300 can wap around below to forma
| ower sur ﬁ%p%ﬁ%ﬁ%ﬁa\?ed portions 328. Wen the flexible nmenbrane is

secur ed t[@038]r et ai PAnighomnig FRGHUA #ligttewartd rinp@d0b canbad2d satlatupead bel ow
t he upper surface of the retaining ri ng. The curvednéi)ortions 328 provide a
rol I'ing HIoRdn $Haandseannular loyer pektion 3+ Theaprar eertiomet3hean ba pesitienedrove up

and down 4 I ' ' ' : r 350

ot nout | SehsdEEBALRRIDTE8 3Ll Lahd o flacl BBAHSS ke e G SUBIREL B0 11
annul ar IBamétess o322 upper shefaddd Ik eThd inaer dilvactsi othesddtion d2heddbwehporfibexi bl e
menbr ane.  _The annul ar. concentric (ﬁ[o,j ections 326 can al so be thicker than

the side 1321 that captacts thypstainipg ring 20 & Jngdareen than temytr drmeerdiths gured to
retain a sybshipb&idRofid rethnﬂ}c’?rr@r?%; ?1?&1& Ye‘?aiﬁgxg‘?i ri9&€o’i§ h?9h ri%’wi be carrier
eferenci ng of t

ring 400 provides positloning e carrier head to the
sur f ace cher the ipper dsmetay of dek. cakmerathgi willdwe,abbiteandach laeger thainrthe ddstratent act s

o e of el 19,8 SR EL8 e, 19,200, e oarti et
It;lakgr gngh[tof)?ﬁ ?g“gg%@g?%ﬁ%ﬁoﬂé Q%%F%%%gqgcaeg?@ 10floAd'Rs GRES digetel 84,400 can
The recess 441 can be defined by a vertical surface 442 extending from the bottom
surface 433, a horizontal surface 443 extending from the outer diameter 440, and a sloped
surface 444 connecting the vertical surface 442 to the horizontal surface 443. The widest
part of the sloping portion, as measured along a radial cross section, can be at the
uppermost edge of the sloping surface 444. The lower portion 432 can have a rounded
portion along the edge of the outer diameter 440 and the horizontal surface 443.
[0060] As shown in FIG. 4D, in some 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
cross section of the lower portion 432, can be at the uppermost edge of the annular step
435b.
[0061] 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
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[0058] As shown in FIG 4A-4C, the carrier ring 400 can have an annul ar
upper portion 431 and an annul ar | ower portion 432. The upper portion 431
can be positioned beneath a base assenbly 104 and can have rounded portions
along the inner and outer dianeters of its upper surface 434. The inner

di anet er pf PérB@ncﬁ&Hﬁl‘ QD“reglfesérﬁ@d ﬂ)}pﬂ‘{% a8 Uine T FIS %gt Rethe $ARERGE ce 148

retaining ring 200 1s rger than the outer dianeter of t associ at ed
portion af thdr@rm%ftrmgr(ahlg)ughrﬁjG 48 andidlustedtes adimgje-piavg ring, thbelﬂpedh&inbr an inch

d th th f th t h
Maroer t Rurrserl S BTE SEpepah e heSini RCs el ol Thtinher 15°
i nches f Qurface330 c@H‘n(cll%e loQfard lfﬁﬁﬁ {18 bottbBOwRh tﬂéﬁgioﬂ%ﬁh&%&ﬂ sAffade32 can

have a recess 441 along its oufer dianeter 440 he recess 441 can be
def i ned woadmrttltl@ﬁallo“@usur&@e 4aabelegmmhm¢dnngﬁers;mltehmrigodtamwer@dyatqne 433, a

hori zont urfac e aut.er .di 440, .and a sl oped
surface 354 Ogvgﬁﬁ g ?Wégt@% ‘{1"\%3% hesrqlfﬂpa%rénﬁﬂlfdtsgr By “H%tfvet giﬁe surface
443. The r&\gldﬂﬁéfth@aﬁlter Qirfac b BlIISWO M RBrriRPFih Blatedd Iy RBFEH R FhMePiiting rihadi al
Cross section, can be at the uppernost ed?e of the sloping surface 444. The

| ower por&OpoandzrgQwéemfornav@lséencwmm&@docaﬁi@mo mnt@qtbﬁ@vqehéheer@@emog ringandut er
di amet er ,440 and.t he horltﬁonta surface 443 FIG 4D, in

SONE | rrplteec e SV ReF €TSS YR dyring éhsgm&e(h ned bﬁ%\qgn Ynnul ar step

435b pr otaddidiongplacsnat 6f the fJdtere anthidlbattomtFhedchbhlerGaiy daa\Revant PefuidOsH al
| ower surface, a s|loped surface, and a rounded portion along the edge of the
two surf dberetaining riggden theietaiing SiNg crriags Mg carries riag. ABsYMe as measur ed al ong

2200 R AREL B0y LB QUET RANEL It PR S flc ebiPPET O

edge of t annul ar-’s me i np enen I'ons, as shown in

FI G 4C,  tdign&ar thivetherupper Suefaca#d4 offthaupipey ppitivnraddi ng st ep in the | over
portion 432 along the inner surface 430, In other  inplementations, as shown
in FI G 480062e car rihsicapries ging £an haaitached t%mbqsawem - chenesallysthg ot

dic t , I
o Face. F43 inl i SOHHABRATD Sthe i 4181135 e PO i ?t?u;%%%g%'é?s o
si ngl e- pisabsraté 1Y, Theeppet paeidn UBhef thecuirfeaciag d0Q beh ineludapy]umhtahle to a

two-part ring as shown in FIGS. 4C and 4D). The inner surface can
i ncl i ne GESSREREAN Poles Al vaip sers et {nofshavre recatye dstencrs A aﬁi’@ﬁs’sur face

430 adj acsg%J t&%th&"lﬁ?d&éf&ff%??ecﬂﬁ Z%ge?mg%@% a AR a§§%Lﬂl§'i04.”ﬁﬁ‘er

di anet er atent | ower sur ther due to e bunp or
i ncli ned mlesf4d@ehn be bednly epaced imogmeﬁle cagr ang. bf saneimplereentstionsathe al | ows
the carr ihe()rlesrilg%otn%t L)%EEJ g\llelr){herhegrlezggtgfsur%ace 453‘3 of31 t'hg Irer]c ss Aéﬂg For example,
as shown in FIG. 4F, the holes can be located entirely above the flat lower surface 433.
Additionally, one or more alignment features, such as apertures or projections (not
shown), can be located on the top surface 434 of the upper portion 431. If the carrier ring
has an alignment aperture, the base assembly 104 can have a corresponding pin that mates
with the alignment aperture when the base assembly 104 and carrier ring are properly
aligned.

[0063] In some implementations, the carrier ring 400 has one or more through
slurry transport channels 422 on the bottom surface 433 that extend from the inner
diameter to the outer diameter of the lower portion 432 for allowing slurry to pass from
the exterior to the interior of the carrier ring during polishing. The channels 422 can be
evenly spaced around the carrier ring. Each slurry transport channel 422 can be offset at

an angle, e.g., 45°, relative to the radius passing through the channel. Referring to FIG. 6,

the carrier ring channels 422 can be aligned with the retaining ring channels. In some
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200, and provides for consistency in the |ocation of contact between the
retaining ring and the carrier ring, even as the carrier ring wears during
polishing of the substrate. In addition, placenent of the feature at the
bottom of the carrier ring can prevent torquing of the retaining ring when

t he retai g t ' I G- - [ , th
| M0 irhd g thORG rgn\%;é}%nﬁéé 3 P4re "uh&% thdr the ?é’t‘_ﬁlné Ig’@lr%ﬁ%ﬁgﬂﬁﬁ% I ons e

| ower surface 433 of the | portion 432 has a sna anet er

t han t he A23pdlovang slauy td Bassahort lieelypp dhe ipteripi ofithd 3dtain[rEOGRI200heFocar ri er ring
can be attached.to a.base asse 104. GCeneral .carrier ring is
configuréﬁmPBESHFFBHﬁﬁ”ﬁgfg?gpﬁgﬁ%(??Hﬁwﬁbﬁ“gﬁ8¥%%¥ﬁpésdﬁﬁF&ct the edge of a
substr at go0é4] The URREMe RAPlehRAtafidds, e dafferGRpl408Mal bAJoAABreGafbuLRC! ude
cylindrical recesses or holes 412 with screw sheaths (not shown) to receive

f ast ener diolesibat eatend dlonsthe ivner digmetayrto Gretnater izanakien for alloving eburyi argirt he

carrier rin 0 t.0 .a bas ssenbly 104. The holes 412 can _be evenly spaced
ar ound tﬁ8p%§ﬁ3¥%ﬁwﬁPW89r&H%ESNSH? 1 ﬂ@ﬁ?%ﬁyﬁ%?ﬁoﬁﬁgn%WSFég P8 not
extend ovgig dutiiglpeliskaast Bhe thed, %lé&%@n@iteh@&r&ﬁ%}ﬁﬁéu kpofith 1ampke, as
shown in FFG 4F?@?he %%Ies cangge | ocated entire ab@&gpthe flat | ower
surface 4Bwmughhelgs carobragvieply spaecdaroynsitbe earrigimeg t Infsemedmplementationss

apertures, or proj [ . t._._shown cagn he | ocated ont hestaop surface 434
of “the. unpeF BLMUER 0T it ' amf? BUR bt B RSt Tk s Ber i e,
the base waa&efidthy clfingansbay thablisGpfayed eadihnge firbudhtdflestBliiRscartiérirthgt he

al i gnment aperture when the base assenbly 104 and carrier ring are properly
al i gned. WidldeFushed dowsvardglangahe euteiongiace plthe staining rings guaclrariagthéne or
nore thra r . 2 . 433 t hat
oxt ond 1Y s e LAAREREE b OBIRL Finfhy Gl GRS R 00 1 101
432 for ahtough Rgles intsotly tHeacapds ingrbammottih ehestaiiin@ring antlhiee thadughihotesof t he
carrier rin% duringggoljshjng. The channel s 422 can be evenly spaced around

the car ria¢ akigneg so aé Huid Wik gass thapughdioth the samier ring and i reeiing deg. by an

Refer i ng et irfemeatbis, hetBrobpE nERCUBARELRHC BN (FEREET i (1 (e
2 (Zat2 ai ni ngw(kjit}n@t\ﬁlklatnl{hﬁ:h the througb heled threwghotle reaihisg rtrizgezO@lalrIn sanering cha{mel )
are w der an e retaining ring channel s : oW, ng urry to pass
mor e fr edMplanen{aiions Geef iI@?l)otm hP%tS_éE&F‘W Om?ét%m.% aFRS’_rmO’éSlé le, the
carrier rigin6 MAPNRASuffen&sdhe RN fin rmggfatheﬁfhaﬂmh%}pﬂl%ﬁsahﬁ@ l?i‘ﬁg itsﬂ@.064l I'n
sone i nplenentations, the carrier rirng 400 has one or nore throug hol es

t hat ext €0663]r om t Retumirey todilGrdA €, irnsanreeimpldreentaticasethe nppayportidnaldil ng

lurry or air . )
sLurry can Ihave an inwardly protruding lip 439 along its inner surface 430, where the lip has a

vertical inner wall and rounded portions along its upper and lower edges. The protruding
lip 439 can have an inner diameter equal to or less than the inner diameter of the step 432.
The lip 439 can provide a hard stop to engage the lip 237 to prevent overextension of the
retaining ring 200. In some implementations, as shown by FIG. 4G the carrier ring 400
includes both a inclined inner surface and an inwardly protruding lip 439. In some other
implementations, as shown by FIG. 4H, the inner surface of the carrier ring 400 has both
an inwardly protruding step at the lower portion 432 and a sloped inner surface that is
inclined outwardly from bottom to top.

[0066] In some implementations, shown in FIG. 4C, the upper portion 431 and the
lower portion 432 of the carrier ring are made of different materials. The upper portion
431 can be formed of a material that is more rigid than the lower portion 432. The rigid
material can be a metal, e.g., stainless steel, molybdenum, or aluminum, or a ceramic,

e.g., alumina, or other exemplary materials. The lower portion 432 can be formed of a
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to pass fromthe interior to the exterior, or fromthe exterior to the
interior, of the carrier ring during polishing. The through-hol es can
extend through the upper portion 431. The through holes can be evenly
spaced around the carrier ring. In some inplenentations, there are through

hol es I n fRrifRAKLETs dh'eﬂlgcalﬂzltméi"ﬁ ofel ALl 0 u%l'haghg hus, fluid, e.g.,

wat er froma cl eani ng syste IS sprayé ““t’hr ough holes in
the carr |mﬂyqthqrghen}aetohe bEEEK)J:chﬂudncﬂibmmBEEK atoorg® filled PEEKT, pslyaimidimidf t he
retaining H[ ‘ t hus cl ear.i the space between the carrier ring and

r et ai ni ng¥ )hg aFWHB?Sﬁtgrm‘}tﬁ‘bﬁerrent ations, there are through holes in both

the carrim@oer)i ng bUWh@ﬁ’Ehe'tWotﬂ?)?tldrﬁM@'l Mﬂgofrth@&m@ﬂﬂlgtzﬁgg&ﬂéd)m g eS are

aligned so that fluid pass through both the cartie
r et ai ni ngpurfaegyof the lovwmhrthm‘}ﬁrtepomlmmdadjathﬁ te thedoghr sunfaes of mempgeh the

carrier n n .be the sane han the through hol es
t hr ough t%ég?%{‘)g'u ﬁﬁﬁgtwrol &1%§en?rﬁw%g% S ﬁﬁﬁ‘tlﬂ(ﬁgﬁé‘%ﬁ% meggignggiche )
through hah&snd%QteadRnfcasring tﬁﬂ%ﬂen@uﬁﬁé&ls%h fht tth%wo BHRING 93 L %32t hat
surrounds the retaining “n%@t er than through the carrier ri'ng itself.

100651 Reform @ifhigh serfate@vhgse the, two pogiome 48 hyfi3@meset athen tiey ardjinedpdihe pot i on
431 can

ahr o hetiir ARo Eltheadbfed Wi P Bqndife i PeliuteribrFAOACH] ong i ts

upper andgukfamr edges. The protruding |ip 439 can have an inner dianeter
equal to or less than the inner diameter of the step 432. The |ip 439 can
provi de a0R6#ld st opThedownppertion A82 parphayg 2 step fp?‘[éve“% dhersteptfeataicchi8of t he

retainin UL Ab1OAS the carrier
ring 400gp E)anl'lg Vég(s%a]b%p ﬁﬁlgtﬂlg}ldc‘{}éqryggﬁ n%térl&jéur ac Oélﬁglgarﬁgﬁsﬁv\g( Hﬂl? protrudi ng
lip 439. dppespsrtonBESr The $tpp foaruné 438 38 anATasHieyidjidenHHoGhe fHrer diMeichner
surface of the carrier ring 400 has both an inwardly protruding step at the

| ower por@fitehcarder ringt00. Thgstap feafues 433 pxtands upwandly Somiarhorizastal partionr di y
from bott BX%ER g %9?6@& %t Peatlite 4?@&%?%35@ qngl?(gl %Q?wall o'i}the lG 4G the

upper por I por carrl er ri na Sre made of

differ entnr@s korizahtal pditienUThe feceer437aa theAipbeputtibe 48 Desrestpoidsao fatstsp al t hat
is nore rlgld t han the | ower portlon 432. The rigid material can be a

metal , e.igaturest3s; s baswhenstbe lowen RpsiRati anéwpaﬁrmﬁmw?’ logrepreughbni c, e.g.,
o e BB S aTRL 5 e R WA ISR, AR o
pl astic, 437gan ha'{m)zi hmimtzémbpefrlsetfmeanﬁlaEEK)qal maebwall fithl aﬂduﬁﬁl@orﬂ'@f l on(r)
filled PEIII_:Jgome imp egeg{a??ogs the steg 4380{5 O%chﬁ qpeolihéredlangétg; cl)fathe lower ring 432

and is not at the outer diameter. That is, the carrier ring 400 may have no other step and

corresponding recess features other than the step 438 and recess 437 at the inner diameter

of the carrier ring. In some implementations, the bonding layer 436 may extend to the

surface of the step 438 in the recess 437 of the carrier ring.

[0069] Shear force generated during rotation of the carrier ring exerts force on a

horizontal bonding layer. In carrier ring 400, the step feature 438 transfers shear force

into compressive force on the bonding layer 436 along the vertical inner wall of the step

feature 438. The transfer of shear force to compressive force on the bonding layer 436

reduces the likelihood of delamination of the lower portion 432 from the upper portion

431 that can occur in carrier rings without a step feature. Also, the lateral forces produced

by the horizontal motion of the carrier ring relative to the polishing pad as the carrier ring

is pressed down against the polishing pad is transferred from the lower portion 432 to the

base of the upper portion 431. In addition, the vertical inner wall provides a greater
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[ 0067] When the two portions 431, 432 of the carrier ring are joined, the
upper surface of the |ower portion 432 is positioned adjacent to the | ower
surface of the upper portion 43 1. The two portions generally have
substantially the same dinensions at the inner and outer dianeters on their
adj acent surfaces such that the two portions 431, 432 forma flush surface

wher e t hebdndngR@éd fopiftse BohllingAdver MB6bedHislot thE ncfdBe bPiEMe aﬁgﬁn fngo  annul ar
portions can be attached with a bonding | ayer 436 between their adjacent

sur f aces. infas@e®] Thhlarges hendipg prep also agicesthe hikokhaedf dplafrindtionef488. The st ep

feature 4 ' [ y. £k he. | ower, portion 432.info
correspon@i&ﬁfy%@%ggyﬁés{%}lﬁ%ﬁ k%r po&bo%gglp?rupﬁgﬁﬁ!E}Efg)fpd*ﬁgga%etrésgFE’&E@F‘% 438 is
an annul averi¢at nnetljvall @bsorbostidaeresiilfiap fidirtuiven thefthall dxpaksdéd bdwvedd Ng 400. The
step feature 438 extends upwardly froma horizontal portion of the |ower

ring 432. megEalindhe yppst pprdion 481 £has e Hgidmateripleuchipssteintess sigel) ant t he | ower
ring' s hotli t:al i . e 437. 4 rtion 431
correspo(r?(s}gﬁtq{l)Il 1’? ﬁ}leeolgyg%%#lg;a{? g%ggg'Sg?esssggltdhd;tlﬁ&\%ggﬁﬁg ﬁégtﬁlgmmé%a? 3714 on 432 and
upper porPEEK cddposited. br ought together, the step feature 438 fits into the

recess 437 2 t he glpper porii on 431. The recess__437 can have a hori zont al
upper surfP3&Y and nvereiimplementationgag., showr in FIGSHtFe dGoandi4Eb the upnsr sone

i mpl ement &4 9N%31 ér{?iethéicﬁypﬁ idns4 -he. | ' t e d ower
ring 432 &{ar{rlld is not at t r@%h({nerﬂﬁféﬁaé%}qﬂ%% ‘I:il{psrf,gl3 ? Eglgge;‘#ﬁr?{%l%&r?éng 400
may have the sahéieatesink pllandhitacocarsapingdiande femeisoffaaasterigisvidtiigr t han t he

step 438§{gd.r cess 437 &LPtheinner dianmeter of the carrier ring. In sone
i npl ement MY 1R GNERoses et 3R Blastice k8o RAlvethergtkerketong & f the
step 438 {abd TSI ef (offanfibi O50a HEd Plafifiggener at ed
during rotaat inon of the ](g:eglr%?i etgﬂégﬁ)rgg{q{e’jgﬁ{agﬁ?l%ggéﬁ%ﬁ’%a orl zsgélﬁlgﬁﬁggndi ng
| ayer. | nl00atrier rWhged@Oetaitieg 5hgp00 sabufiguréd® tiranstentalbhaaoufdrce into

conpressi ye for on the ndi ng..l ayer 436 al the vertical .inner wall of
t he step_tYl'F géﬁelﬂ%gl Sﬁ.@%‘?“ﬁ'ﬂ@%rreéf’f‘l’gf}’érszsﬁ‘tra%%éﬁxﬁ%g‘g@@ B‘U_Eéhbypé%"é %@ force on
the bondi figfab@YEY to/RBunt 1IRKHGSFaté 6. FId8!shHRO pRfiafEbadiddabi Vil off 1€ | Ower
portion 432 fromthe upper portion 431 that Can occur in carrier rings

wi t hout aflexitdp nfesbiranesd00AWSere onlieoneahadf eff thé orosesction dithegendsglly he hori zont al
notion of_the cakri %[? ri nﬁ relathi ve to the polishing pad as the carrier ring

i's presscy™OHHC f5PldpePREng i 'O/ ng pad is transferred fromthe | ower

portion 41;667210 t he ADafRviOin RIGES, YRPREXiBIR mhdnbtade3300 da HadEh bbally 8 ver ti cal
inner wall provides a greater 17 bonding area for the bonding | ayer 436

because ohainpertioncTdand apfoutan afider poréen $20. tFhe main portion 510 provides a

substrate-mounting surface 512. The outer portion 520 extends from the outer edge of the
main portion 510. The juncture between the main portion 510 and the outer annular
portion 520 can have a peripheral edge hinge 530 and an annular recess 532, located
above the hinge 530 along the outer wall of the outer annular portion 520. The peripheral
edge hinge 530 can have rounded portions along its inner and outer surfaces. The
peripheral edge hinge 530 and the annular recess 532 can be configured to be compliant,
improving the symmetry of loading on the periphery of the substrate 10.

[0073] 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.

[0074] In some implementations, the flexible membrane 500 can have several

annular flaps. The main portion 510 can have four concentric annular flaps 516. The
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interface. The | arger bonding area al so reduces the |ikelihood of

del am nation of the |ower portion 432 fromthe upper portion 431. Further,
t he bonding | ayer 436 along the wvertical inner wall absorbs stress
resulting fromuneven thermal expansion between nmaterial in the upper

portion AgleddinGlar pétioh 320 cﬁ?ﬁﬁe%ﬁ}ai%ﬁnﬁﬁr ﬁ%ﬁiﬂ%?%e by g% cmat eri al
(e.g., a r

in the | ower portion 432 ess rigrd nore conpliant material such
a PEEK compeoded ®©)the @7 @nular pedioe 520zhe hevt ahorivostal pogion S¢bewtending Fl GS. 4E,

4G and 4H, thg upper, . porti 1l and.th ower portion 432 of the carrier
ring conp‘r“?”ggﬁ%\“gtgr‘?ﬁpﬁeﬁﬁ?lsgﬁaﬁ e%‘fc_k rf‘ﬂy%g%(g??\é\l%?s{"l%&hg‘érleg t‘?’ﬁ%sqff'}{e@é?? carrier
ring can hge hQemBE A4, ASMoRNIiAFIONY, 2 ppeCaRTaf ab ¥ah RfVela hdtiBnfaP Process,
such as a plastic, e.g pol yet her et her ket one ( PEEK), carabon fil1led PEEK,

Tef | on( r )pdrtibn wlichEERarTqywin(aer doasindt ¢aid as for inwacBythan the lowereaminalar [ 0071]
VWil e theyretaining ri 200 s configured.to_circunferentially. surround

the edge %?p'ﬁssﬁlﬁggpﬁ’f’ggl@?%gler%ﬁ%ﬁ ?‘ﬁ@%%?%%‘%a&e@é‘%@%‘%ﬁﬁ%ﬁne 500
provi des gortishlahdaR RkZzohal ?@ﬂaﬁs S40eofIHDBdif 8t Sindfdr EpS T ST oAnd A | al
cross-sectional view of a Tlexible nenbrane 500, where only one-half of the

cross sectoitbmowtr annulag pasionl 529 throyghriheviedices efthp kenulemtbiaagidar portédrown. [ 0072]

As shown | |G 5, the flexible nr an 0] n_hav nerally.flat main
portion 5@875nd an ltﬁ1é1perg}_ﬂ§ﬁ?o§1lchgtgi;mﬁar%_ﬁ%wgnwﬁﬁggﬁﬁ el pﬁ’ﬁﬁonprovi des
a subst r sieecalBhdHidd Whéridohae PoRiba extERGing WL ardl9 Wit Al @X Waitd T ah bOM t he
outer edge of the main portion 510. The juncture between the nmain _portion

510 and t¢nafiguredto hepesuead togdass axseBbly 104mmdanangulge pngledpetiondo® Rhage 530

and an an . I v e hi .53 > er wal
of the oLt AhEFERS 300 8B, e PRt el 0TS e T
rounded pgurtiowosthaomgar fldp § 160 eTheanbulotdrpledsporfiae §60 cahlttive pédrpgtiiadial edge
hi nge 530 and the annul ar recess 532 can be configured to be conpliant,

i pr ovi nﬁattiﬁeuwwiwh@;fnauba@ﬁﬁ@ 5bhthap at peiungtyes yith theghosizentgkporier 10.
0073] T t | ' |
os but o008 7 T BreeRRidndR afefAlaRNE iR ST ReckERFRE mif 2 1D,

to flex. dgdio8i@®ean iacinge anvemioal poptiorbZM exddhdixlgsfoorh alvemain poftied 500, atdp 524
protruding inwardly along its inner wall. The annul ar, step 524 can have
non- hor i zZiizental pordion extepding dpm s vertigalopqragies 70 with pkiek riny gong the oytes one

| pl em‘"‘”t@&gr AP the @?goﬂﬂaﬁﬁc}]rﬁhr? »?BE@E&% c%%g&x%& 18y Secifefih %'baﬁ%?&ﬁlﬂg flaps.

The main portion can have€ four concentFIc annu | aps
104. In some embodiments, the horizontal portion of a concentric annular flap 516 can

have a smaller thickness than the vertical portion 570 of the concentric annular flap. In
some implementations, the second and third outermost concentric annular flaps 516 can
have a ratio of length of horizontal portion to length of vertical portion 570 between about
1.5 and 2.0, such as about 1.66.

[0077] In some implementations, an annular flap 516, 526 can have one or more
indentations or notches (i.e., an annular recess). A concentric annular flap 516 can have a
notch 580 at the juncture between its horizontal portion and its vertical 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.

[0078] 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
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18 outer annular portion 520 can have a pair of annular flaps 526. The
annul ar flaps 526 connected to the outer annular portion 520 can have a
hori zontal portion 540 extending inwardly with a thick rim550. The thick
rims 550 can be configured to be secured to a base assenbly 104. As shown
N PG S.oublfatd PR reiiHebddafP 2 G eithe Be%l%)n%%b@h R

nar r ower Fl.e., does not extend as tar 1nwardly) than e Y Bher ahnul ar
flap. | n aonkr chaoder 380 pesitidried beneath therbasd asserpblytliddrand 2Boveathe bavidaran annul ar
triangul ar, . portio and the. haorizontal portions 540 of the pair of annul ar
] ape 528 eRTHHNE Sk dLeute! Fn8 A0 EOREr ANY FRTORINE bh SO, t ne

vertices i alBEorANMEKIRE nfehl RARY B preAink ' I i centric
annul ar fl ag s516 connected to the prrrai n gg?PF%%@ﬁ%n%%Sl%r%g ’uﬁ?gnﬁg‘i zont al

portion esolwneltnegted betmeecn ithe beaise hssamblyi K and the sehomdhfledblemeembrand 5Qur ed t o be
secured to _a base asseg@%% 184 and an annul ar angl ed portion 560. The
annul ar angPred* pEStHd a0BefShe j oi ned between the main portion 510 and

the horizZgmgl PortieqieRfirisdbte @AMPeA  cah baRoraled: by iMsmARP WedecaO! €d portion

560 can have a larger radius at its juncture with the nmain portion 510 than
at its j ulexible memibranet308 thdhe tmmabmbiyrItMOmhapm@a'msloﬂ‘tmlcemieelamm er nost

concentric_angul flaps 516 cannegted to the I n ortion 510 can include
2 Vert i cdimEoF STPRSAaE CaR AT RGN Y HEFa A RsPiov Eord theperirost |

hor i zont adhaRBkL toQRe SutkRRsht Bshnd Bed MTh\c¥iRd bitEMosPERAn R wiifh Wigahialyt hi ck rim
along the outer edge of the horizontal portion, which can be conylgured to

be secur ed¢fined by Besripheralsigg hingg 430, in nsmawlycaepddined e providedetor¢dgent al

portion of ncent r.i.c_annyl ar, fl 516 can have a smaller thickness than
the vertica Og%ur”[nlgé)r?ilgﬁ;ﬂgSFH}eﬁBbsé%%gentri c annular flap. In sone

i npl enent[@b8e)nNs, t heEaskchiifibedean bé fluidlPeduplodtsi pasipee (ot Elfoval)tktoagh f | aps 516
can have a ratio of |length of horizontal portion to I ength of vertical
portion Shebesstassearblybdiand housingl@240 an assgeipted Pregpygsourcesuch arpumpn sone

or "ot oncd Friosare PIRARE L ThBPeiteft ok DR RRL IR ANEa R Rhp R0 b HRT Y have

a not ch fa8Ofl&ible Aeen bngd 300¢ olepasespe foi the NeudingwhbmbeP D0, aadordphsidge verti cal
portion 570. The notch 580 can_allow the horizontal g@rtion of the
concent r i for gashif e ¥ arsssprizable chamkers hetivepr fie|base aysers Alydftand thenseondr 1 ap
516 can [ | r | [ td The

not ch 5981?5 \é(z?%gg{e};%bg%efsgﬁf gog att{))tﬁlréé%@gtbggsa rség)séegﬁsm(lg}%p? ﬁggér%ﬂlrcﬁﬂt%gér% Y on 510.
100781 | rassdiatiline04 aspBelinkadd tb passagasdnthietiousiag 19D dbwilekibldtubingthataxwady i er

head for inside the loading chamber 108 or outside the carrier head 100. Pressurization of each
chamber, and the force applied by the associated segment of the main portion 510 of the
flexible membrane 500 on the substrate 10, can be independently controlled. This permits
different pressures to be applied to different radial regions of the substrate during
polishing, thereby compensating for non-uniform polishing rates. In addition, the
pressure on the retaining ring 200 can be varied independently of the pressure in the
chambers defined by the membrane 500 using chamber 350, and the pressure on the
carrier ring 400 can be varied relative to the pressures on the retaining ring 200 and in the
chambers defined by the membrane 500 using the loading chamber 108.
[0081] A number of embodiments of the retaining ring 200, first flexible
membrane 300, the carrier ring 400, and the second flexible membrane 500, as described
above, can be implemented in the carrier head.

[0082] 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
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CVMP can include a base assenbly 104, an annular retaining ring 200
positioned beneath the base assenbly 104 and configured to
circunferentially surround the edge of a 19 substrate 10 to retain the
substrate, a first flexible menbrane 300 shaped to provide an annular
chanber 3G Heeohicl Mith HaRAal B.ol IRnBASE, BEERTH Vefihsibthphayehlie annul ar
retaining ring 200, a carrier ring 400 circunferentially surrounding the

r et ai ni ngeartiergin2o®0 of sl asrigrdiead darf appky bHewnwardrpxessufzQ6 aprotishiag pay. aln

subst rat e- nount.i surf.ac wherein the vo].u created ween the base
assenbl y Y0¥ QP%H%“L%’«%@%%W’W@% ‘fséurﬁé‘%lr‘eéfr@ 662‘”‘%?%2&)}5%?9&@5@} zabl e
chanber s. thk Q6w Rivarl emﬁﬁai)gﬁécz HR retanierisg S0 NR daftidrethoR00chalPi Ng t he
second flexible rreqﬁnbr_a_ne 00 tg% t he base 1z%ssenbl y 1aO4 Wi tgh a |Sﬁural ity of
concent r i lormedipia mereigid maierial ithanishe wtaining biag QA iegultinglint the barisutngssi vel y

narrower, fr he |nnernpst., chanber.to.the.oute st, chanber, The second
out er mstwé:%lgl%g??ovmiqgtﬁ rH[?asn %5 f e?iug‘nlgg Mgy é’ﬁ\e ﬁ’@gtlﬂﬁf? b ﬂ’?fer caming HRg 200 @he hi nge
530, is nhecaieyrig®B0O0 i trdvaried b6 aYudpriretd REuIRAIR padivtlal, Fhe Slfshing POl i shing
of the substrate. [0080] Each chanber can be fl ui dF coupl ed by passages
(not shovifplilerpnghe pubstrate edae eanskesaliepgd byidunging theowisithandipressuee tareaels soci at ed
pressure I§I§)“Vgurce, such as a punp or pressure or vacuumline. There can be
one passage€ for the annul ar chanber 350 of the first flexible menbrane 300,
one passajes3jor t helnlsoadicntbodinadtns theli@finiagn®De0 paskagslotd & theagh of the

Si X pressurizab) e chanbers between the base assenbly 104 and the second
f1 exi bl e halempnindicaigd byfths dashedtings inF1Gil gthat qxsendfrun thednaersurfaes 23 |dassages

fromthe -he. || i i 102 by
1 oxi bl'e Tapfer SRREPESY b S CaMRE N RUERy MOPRETRACR, Jads b APHLTE, Go° ne
carrier heahk deriorPsefsam thezadtérivr tothedaetior, ohthebiiz, Thest dlbte chroslig wigp! | ed by
t he associ at ed segrr,eng of the main portion 510 of the flexible nmenbrane 500

on the suBidsithe camier head IO and sap arayads:a peansie mash excesstpsgy Fopnthe s

di fferent; RLeSSHHE Set i.‘i’lin%,eri g ed to different radial regions of the
i ng, thereby conpensating for non-uniform polishing

substrate %EI’I ng po%l S
rates. | nf0as4]i ti on,Intshme ippensntations) hahiag hetchen$80y 5960 irga 2bHeentaio ahwulmar i ed
independgrﬂ%gl of . the g‘[‘fa%ﬁbe in the _chanmhers defi.ned by the nmenbrane 500

usi ng ch 6fthe seq leanampbrang,y004 ¢ae Imprgveinofishing ynifgrmiya @ be vari ed
rel ative t: ; [gY L ng: i ers
ot ned. g StidaadVaiBab bFRuBhbsil e hfirdia bk WGl A Rfled Meted€undhifDe’ S

of enbodi pressus iofadjahent charmbers.n§peci gl lZ0Oherf therstis dhegnalyressure in adjacent

chambers, the pressure in the high pressure chamber tends to bow the separating flap into

the low pressure chamber. The bowing of the separating flap can lead to regions of
compression in the main portion 510 adjacent to the separating flap, resulting in an
unintended pressure distribution and non-uniform polishing. However, having a notch
590 at the junction between the main portion 510 and a vertical portion 570 makes the
annular flap 516 more flexible at the juncture. This reduces compression in the main
portion 510 when the flap bends due to unequal pressure, thereby improving polishing
uniformity. A notch 590 can be adapted to allow the concentric annular flap 516 to flex
when the pressure is unequal in adjacent pressurizeable chambers on both sides of the
concentric 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.
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menbrane 300, the carrier ring 400, and the second fl exi bl e nmenbrane 500, as
descri bed above, can be inplenented in the carrier head. [0082] Generally,
the carrier head can further conprise a housing 102 connected to the base
assenbly 104 and configured to be secured to a drive shaft. The carrier head
20 can_bejopggyt ed wi A BubBRd e iddiméndof theiEhiidHThayRHEEn dQriBed OMROSI € €
material. The «carrier ring 4 of the carrier head can apply a downward
pressure N@veahploiis, SPWIHd)epmdchlqod tls rmn@mbmatllﬁmitom ntabréedmdawmﬂubupr essure
applied b the 400 i ressure

n r.eat
appl i ed B TR0 st 5obs ot R eon) BT e eV b Cormed of a
more rigi dﬂ)nﬁa{tﬁ‘é brduldriTRips 06 of &E@bdbnﬂglekib'l‘egmgﬁﬁrané Qﬁﬂlhiverbﬁh dnﬁulah%glélf rier
ring mearlng at a lower rate than the retaining ring. The widths of the
r et ai ni ng)qrwrg%gbmsfawbofmmbar vesical porgosyi). damdé@onamthSmydm ust process

i tor od” oCuRERGhEH e off SeRRal AP RE! b Bl RS B o

embodi negso%loﬁ 6o, behethd jur@tiré ngeeloa ﬁaﬂzdma{@)oﬁidatm%dtahﬁﬂlsg@ hol es, as
i ndi cate t he dashed lines in FIG 1, that extend fromthe inner surface

231 to thecoaimélw atherrimplenpeagations areewithin shenscape of the falbovipg elaims.owi ng f1 ui d
to pass fromthe interior to the exterior, or fromthe exterior to the
interior, of the ring. These slots can align with slots in the carrier head
100 and can provide a neans to wash excess slurry fromthe interior of the
retaining ring 200. [0084] In sone inplenentations, having notches 580, 590
in a concentric annular flap 516 of the second flexible nmenbrane 500 can

i nprove polishing uniformty. A potential advantage of notches is to

i nprove polishing uniformty when there is unequal pressure in adjacent
chanbers. Specifically, when there is unequal pressure in adjacent

chanbers, the pressure in the high pressure chanber tends to bow the
separating flap into the |ow pressure chanber. The bowi ng of the separating
flap can lead to regions of conpression in the main portion 510 adjacent to
the separating flap, resulting in an wunintended pressure distribution and
non-uni f orm pol i shi ng. However, having a notch 590 at the junction between
the main portion 510 and a vertical portion 570 nakes the annular flap 516
nore flexible at the juncture. This reduces conpression in the main portion
510 when the flap bends due to unequal pressure, thereby inproving polishing
uniformty. A notch 590 can be adapted to allow the concentric annular flap
516 to flex
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when the pressure is unequal in adjacent pressurizeabl e chanbers on both
sides of the concentric annular flap 516. Furthernore, notches 580, 590 can
be positioned and configured to reduce downward |oad transmtted from at

| east one of the pressurizable chanbers through the concentric annular flap
516 to theyHAT s contiMED K0 so as to reduce conpressions in the main
portion 510. 21 [00851 A nunber of enbodi nents of the invention have been
descri bed., Nevertheless, it wll be understood that various nodifications
may be malte wi AHFSTHEr TMEPAMPHNNE r om t he spirit and scope of the invention.

For exanple, s the: ri.c_annsl ar . f1 aps 6 of.the second
flexible rrenbr%&e}{n?glﬁ?{? &gggﬁ%ggﬁtﬁe?gwf%ﬁﬁ% gurf)%h‘flgﬁlil"é%rﬁn?ﬂb‘tsél%’uﬁ 3an
annul ar vetdiniegkinpods lowen safite cbﬂﬁ@dddtd@ﬁtaeﬂ@b@lm&l%;@d BRl al QGRE &dfdcE t he
mddl e of a vertical portion 570, at a juncture with the annular angl ed

porti on 5eUigyreddp be gaghed ¢q aearisehepdewhereinghe mwar sirfage inclusles 848stand a rim

550. Acc i i %Eqp I Ln.{he sco of the

fol |l ow ng&%ﬁéﬁ%&‘}@’w F@Jf A kﬁ%&lﬁ@fer%%kmgg{ry}#eﬂrlaw% ?’?&?&ggﬁﬁﬂogi ng: an
annul ar rthagnreavunfagyeadjacartand abisveahe fiesopdgigiir ed to circunferential ly
surround retaining rin a | ower surface configured to contact a

pol i shi ngZpad, | BeRH re&ﬁpfg?d@ﬁlrk,a@@rel%&lmlpwr%afa%hw smalles agr digmgtegarri er
head, V‘heﬂﬁﬁfhet@ﬁgﬁhgﬁE surface includes a first region adjacent the |ower

€. . . .
surface wth a r rnner dianeter than a second region of the inner

surface adlj acefihe canderafrpuef ddim [, ifushier ce@prising 2n odteeswafice iheving anecesd cl aim 1,
wher ei n t%le Iow?lr surface has a smaller inner dianmeter than the upper
surface. alacepithe lowsrspripeeng of claim 1, further conprising an outer surface

having a gecesgye & oftctllcﬁn{]f‘eﬁ{ere?Hﬁ{&F&ss ﬂ:rclu-ﬁgfg gglri&;n?e[l lé\irv%}%gg}{r]ced ai m 3,

wherein the recess I ncludes a horizontal [ower sur a ve Surf ace,
and a sl opedtisdcuiface, emhaslopedigectibrecdmmedtigrthahotimneal 1ewerfsarfecesdnd thdhre
vertical surface.. 5 The carrier ring of claim4, wherein the recess defines
an annul aYer{é?aiﬁurif??et he outer surface. 6. The carrier ring of claimi,

wherein ag i nNefe Hr@dBiRY of iR ARehefiin HélElesSIATRE §h annular step in the outer
surface.
6. The carrier ring of claim 1, wherein an inner diameter edge and an outer diameter
edge of the upper surface are rounded.
7. The carrier ring of claim 1, further comprising a plurality of cylindrical recesses in
the upper surface.
8. The carrier ring of claim 1, further comprising a plurality of grooves in the lower
surface extending from the inner surface to an outer surface.
9. The carrier ring of claim 1, wherein the annular ring is a single unit made of the
same material.
10.  The carrier ring of claim 9, wherein the material is plastic.
11.  The carrier ring of claim 1, further comprising an annular upper portion having the
upper surface and an annular lower portion having the lower surface, the lower portion
joined to the upper portion.
12.  The carrier ring of claim 11, wherein the annular upper portion and the annular
lower portion of the carrier ring are formed of different materials.
13.  The carrier ring of claim 12, wherein the upper portion is formed of a metal and

the lower portion is formed of a plastic.
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edge of the upper surface are rounded. 7. The carrier ring of claiml1,
further conmprising a plurality of cylindrical recesses in the upper
surface. 8. The carrier ring of claiml1, further conprising a plurality of
grooves in the lower surface extending fromthe inner surface to an outer
surface. fi4 ThehLafidrGing dMiff11CWRLK, Wherein the annular ring is a
single unit nmade of the  sane material. 10. The carrier ring of claim9,
wher ei n t he nathernmilarlewpt partipe inchides Fihenredarprejectidnrextanding iatoraniannfilar t her
conpri si nI[% an.apnul ar Hl%ljpélper portion having the upper surface and an annul ar
| over por TFOR ThaViREtHE " bwer surface, the lower portion joined to the
upper port§.on. THecarrlétQingasficlfim I, wheredh thelifelsdtace\MAS bR ifvdrlS pRowuding upper
portion and the annular | ower portion of the carrier ring are formed of
di f f er entstemadizdent the lavger surfacezarrier ring of claim 12, wherein the upper

portion is, forped of a.netal .a he. | owe rtion is for f a plastic.
DS 10" i car PRes ey, vhORin B SRR hatBichtina? T8la a0 Ui on
i ncl udes kdtizanAlhger Bir®icect i on extending into an annular recess in the
upper portion. 15. The carrier ring of claim1, wherein the inner surface
has an i nivar dl Yhesastiergingnrf clamely, d@preicthe innee syréace s wpered dsvardly frohe carri er
ring of c oqiom 905to ‘QQ eethgi%?dlszh)?cﬂrm sqﬁpverti cal inner wall and a

ce. )

hori zont al "upper surfa e carrier ring of claim15, wherein the

i nner surf@ice Tl dapfie@rit dfeldmdl, Yurted Gompasih® an irovdrdly prd@vding hig aloagar dl y
protrudi ng step. 18. The carrier ring of claim1l1, further conprising an

i nwar dly e dnendiamgtarioh itaMBpRY SUERES- | nner di aneter of its upper surface. 19.
The carri hepd -clhal . re . o ' ' Il and
rounded g%rti ons&féﬁl%n}%h?}oéﬁab%@g ‘glkléélelbgl\%elﬁﬂ feP%fglg\Ze. %s{‘{fhgalclaab@?(g{nd%ng of

cl ai m 19, portienseilong ifcuppenaid owet edgesi s tapered inwardly from top to bottom
bel ow the |ip._ 24
20. P The carrier ring of claim 19, wherein the inner surface is tapered inwardly from

top to bottom below the lip.
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