Retai ning Ri ng, Flexible Menbrane for Applying Load to a Retaining R ng,
and Retaining Ring Assenbly BACKGROUND [0001] This invention rel ates
generally to chem cal mechanical 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
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On one aspect, a retaining ri y Is etaining ring
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planarization. This planarization method typically requires that the substrate be mounted

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

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

SUMMARY
[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
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concentric projections extending dowmwardly fromthe annul ar | ower surface.
The 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 ar concentric projections of the flexible nmenbrane are sized to
fit into tceacentrinprajectomcxinding dovowwsdly fwim theanaulauloaver setfaieniThg ri ng.
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bonding layer between the upper and lower portions. The annular lower portion of the
retaining ring may have a plurality 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] 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 surface and an annul ar upper portion with the upper surface, the
upper portion and |ower portion nmay be fornmed of different materials, and
t he upper portion nmay be joined to the |ower portion, e.g., by a bonding
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[0009] Implementations of the invention may include one or more of the
following features. The concentric inner and outer side 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



adj acent the lower surface with a snmaller inner dianeter than a second
region of the inner surface adjacent and above the first region. [0011]
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features. The | ower surface nmay have a snaller inner dianmeter than the upper
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the 1P ffferent materials, for example, the upper portion may be formed of a metal and the

lower portion may be formed of a plastic, e.g., a polyamidimid. A bonding layer may
connect the upper portion and the lower portion. The annular lower portion may include
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 annul ar upper portion configured to be positioned beneath a base and an
annul ar lower portion. The carrier ring is configured to circunferentially
surround a retaining ring and has a |ower surface configured to contact a
polishing pad. The annul ar upper portion has rounded portions along the
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projection protruding upwardly from its upper surface along its inner diameter, wherein

the projection is sized to fit into the recess. The recess along 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.



5 [0015] Inplenentations of the invention may include one or nore of the
follow ng features. The outer annular portion may have an annul ar recess
along its outer wall and an annular step protruding inwardly along its
inner wall. The annular recess may allow the annular portion to flex. The
annul ar step may have non-horizontal upper and |ower surfaces. The flexible
menbrane nay have two annul ar flaps connected to the outer annular portion
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head has he basdds adnaix 3ssemblyariha harizonsalgiortiongmay hayeposmalieo thicknigestban h t he
base assenbly,.a first flexible r.ane shaped to pr.ovide an annul ar
chanber s‘%éftf‘:&hgﬂnB%ﬁE%\ttelﬁés?ﬂge gﬁ@g ﬂH%“s%‘ﬁBﬁ’@OSgﬁ‘ch "gtg\?@n{lﬁgr #ul ar

retal ni ngcéindbed %o RMhAift poftiond The second and third outermost concentric annular flaps

connected to the main portion may have a ratio of length of horizontal portion to length of

vertical portion between about 1.5 and 2.0. At least one of the three outermost concentric
annular flaps connected to the main portion may include a notch at the juncture between
the 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

6



circunferentially surrounding the retaining ring and configured to contact a
polishing 6 pad, and a second fl exi bl e nmenbrane, wherein the vol une between
t he base assenbly and the second flexible nenbrane fornms six pressurizable
chanbers. The annular retaining ring has two annular concentric recesses in
an annul ar upper surface, a |lower surface configured to contact a polishing
pad, and aad,iandarsesandffiexéble arfibgarteedhéein the volurfedreenédnahé passusdeaibigaidie edge
of a substrate to_retain the substrate. The first_  flexible nenbrane has two
annul ar cMcerend Lexgblsmenibrapssiopns @ﬁmr?f@mmlﬁ@mbgm AR IALISRINBE | ower
surface, Waghst fivd SRR RBh@ntFOREARE ih an REAUSCIIpRPSurRlE, Slodkfstrfickit i nto
the annular concentric recesses of the annular retaining ring. The carrier
ri ng has annfagured wrcontagpa polpshirtg ad, amichnannersorfher configeredgor t i on, wherein the

| ower portion has. a,recess on its ter, dianeter. The cqond flexible
oo ane. FUCTRIALS SHET O UF Peee.otgubitar o Bleh subsligt: dbedre

subst r at efRRIBMY mBAbARE hae vadithubil cOhdeRiricaRBdt@dns RRIch8Mg B WARAEAIQ froft &M t he
outer edge of the main portion, wherein a juncture between the Tain portion
and the eonyar lawauswfacpovhdrein theoanmulas eencenisisimirpieeticils asggjecchtiorfyéntatlee an
annul ar recess above. the hi n%% al Olﬂ%’ tthe.out.er ,)Aﬁ“ of the}m%ut er alnnul ar
portion. PR ﬁre(ioflﬁ ?%fecgifﬁﬁo 'ﬁ@gn JOARIRERS AW P OWREP 288 P aces and
i s confi gubps dotidifarQiitinhalt lowed Pdriibn WhéreiERE Rivic? Portin Hab @ rédey¥eLAbagn may
include one or nore of the follow ng features. The carrier head may further
i ncl ude aitsoutsr digmsart il secong dlexiblamerbrane has aimainepastient withwewel n t he base

assenbly may be connecte o.the ysi partian he. car.rier. ring may be
cont 1 gur eduarap BG4 halile Bl Sate BRG b BPher Aiyor0h ShighilB s o

pressure &gl ilrduby efeofdBe Matd portiog] wikyeiha jaHchat Getvidea thd Mgindoywvrednd
pressure applied by the retaining ring. The carrier ring may be forned of a
nore ri gi dhe rieraAnnBlar porsian CABPFiEs A neripberal adge hings agd ab @arulanyeesss abovsul ar

i . " EREPH . .
the. anhul 31 PadesbA RN Sl diRPoNBarilar borif TyE peitith e REORADV S 6

a coat i ng readpd irgetand owtbisurfaves andiecadipored t6 bexombBantmenbr ane may have a
plurality of annular fl aps, Wnerg at | east one of the annul a{: flaps may

i ncl ude a[Bdh posiloplsmeatations ebthe inyisniden way # 08 SRS Bl thgad

transm tt %ill(gx?ig Seat‘f{’llireg.ef"l?et P& H¥hd hﬂlg rfﬁo IGde! cﬁ%ﬁ% dolorflo He%?é.ged)ne of

t he annul ar o the main porti the ne So as to uce
conpr essi ana drive thadt, iehiereipthethagmnassdrhisly sexydrectonhéated tolthe heuwsingapretiomyTheave a

plurality of_ annul ar flaps, where at | east one of the annular ,flaps may
i ncl ude a “ABICE ANE MR FonEeyed Wﬂﬂiﬁéa dewnward;pressurede atﬂ‘?gg]}élﬁglﬂ?%rﬁfqpaps to

flex  when LRl ﬁ%?s%@aﬂp?ie&' BG Wtlariidt 1R AGEHY gRABS YR RCRRRvadambers.
pressure applied by the retaining ring. The carrier ring may be formed of a more rigid
material than the retaining ring. The grooves in the annular lower portion of the carrier
ring may be at least as wide as the grooves in the annular lower portion of the retaining
ring. The carrier head may have a coating comprised of aluminum. The second flexible
membrane may have a plurality of annular flaps, where at least one of the annular flaps
may include a notch positioned and configured to reduce downward load transmitted from
at least one of the chambers through the at least one of the annular flaps to the main
portion of the membrane so as to reduce compressions in the main portion. The second
flexible membrane may have a plurality of annular flaps, where at least one of the annular
flaps may include a notch adapted to allow the at least one of the annular flaps to flex
when the pressure is unequal in adjacent pressurizeable chambers.
[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

7



[00181 In another aspect, a carrier head for chem cal nechani cal polishing
of a substrate on a polishing pad is described. The carrier head has a
base, an annular 7 retaining ring and a carrier ring. The retaining ring has
an inner surface configured to circunferentially surround the edge of a
substrate to retain the substrate, an outer surface, and a |ower surface to
cont act argtahinghinggnpadarrikhneinga The estaininggidgdms an inren eurfae chattgured to

circunferentially .surroundi the retaining ring,,an outer surface, and a
Conersur fniterehigly ety Uk 4dhE o R bRl e kel e RSl Lartot o
ret ai ni Ngafd HHwWARSuFade!ty cohthéta HisHihe PYE SThedrB i fiohds A Tl Qudtieer surface

of the retaining ring to the outer surface of the retaining ring, the |ower
surface ofireumefercatiallyesurrqundingdhbe retganing aings an @ftergutfaces 9né s dewatisngadertom t he

inner surface of the carrier ring to the. outer.surface of t carrier ring,
and the. pPoria Aepliding Bid o Pis bR yiret BER RS Al TP R g ar o
wi der t hapxitfding frdmathe inhePfurtice @Y g retinidd¥engd RVBE obtef §idfRe of tHehetain@igdi Ni ng
ring. [0019] Inplenentations of the invention nmay include one or nore of the

f ol | owi ngrifgdhe toaver stifececdthe earrieraing heayp plyrality#d grooyepextendieg Hamkdheig nenber
having a . nt i c n l-oad fromth rate untin
cart ace olfERaltaEt B R YRkl ing 8 1RG5 e ArpRkai g Tiie Ind HERANS o OLT

pad and agtooaes ihrthenonee sGrfidceiofthe daiid rivg ak1&ided tHaghhdplupaidy 6Pgrobees in
i ndependent|y adj ustable. The substrate backing nenber may include a
f1exi bl e Hedpvanarfaghefl the getainingring: grooves in the | ower surface of the

carrier QoY DepahelenttbiCorif MNERIARA eRLULAL b ol oihpoves [ the

| ower of t ainrng ring. grooves in the | ower
surface ofolidwdng faturey. Theidagrierhyadmaginchiriech sabstiaté backiplgunebérnhaoing@r ooves in
the |l ower surface of, the retaining. ring. [0020] The detajls of one or nore
enbodi menfebsHAtempRUNtRG spifacsnang gload fromythe gubstrate; uUting SHEAsRAMYe dr awi ngs and

the descr k@&s}rgfa Pﬁ)'ag‘ﬁonghlapr?tafn?ﬁ% HE5n 1 ;gé}l{ig%p%ﬂ\d da?ﬁl&&‘%ﬂ%é c%jrifef he

i nvention w be apparent from S aw ngs, an rom the
cl ai ms. DHESEEh fHd fdlishing PRAWaNGS ihdpeidenHiy @djuitableoihe aubsstaenteckmg

[0022] Fi GETHAT 1y Ghas 4 MGaPISFmaR IR AGHRILY PEAY einBt G By #Fng,
[0024] 1 & e O L e R SRS G Rher D0 1m0
r et ai ni ngsurface of the retaining ring. The plurality of grooves in the lower surface of the carrier

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

ring.

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

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

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

the claims.

DESCRIPTION OF DRAWINGS
[0021] FIG. 1 shows a schematic cross-sectional view of a carrier head according
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.



ring. [0025] FIG 2D is a cross-sectional view of another inplenentation of
aretaining ring. 8 [0026] FIG3A is a top view of one inplenentation of a
flexi ble menbrane. [0027] FIG 3B is a cross-sectional view of one

i mpl enentation of a flexible nenbrane. [0028] FIG4A is a top view of one
I npl ementation of a carrier ring. [0029] FIG 4B is a bottom view of one

I mpl ement agy of a ' ' 030] ElG 4C is.a,cross-sectional view
of one inpailtﬂg%@nt ati olg:n@(:)? Agg?:gdrpp‘g%vrvg??% .mplflﬁﬁgiﬁlowf&ﬂe © B%re a
cross-sectf00Rl vi evBIGBBGS heross-satienEVial bPoR i@fplénerAidn &ifa fldxile [ 0032]
FIGS. 4E, 4G and 4H are a cross-sectional views of inplenentations of a
unitary ca‘PPIPE‘ian?'i ng. [0033] FIG. 5is a partial cross-sectional view of a
flexible ane. I ' ' rrier head. [0035]
Li ke ref e?@gic)ge] synbo}]hg{)fﬁé l% Egogv‘g?‘#g)agn%?ﬁaavh&ﬁ%ﬁéhﬁ?%ﬁdﬁaa%éﬁ %irin@el enent s.

DETAI LED 882 PTI ONFI{D8BG] a Betian vievgoft aneFinBlendentadios Whaichdice ridf. Wi | | be

pol i shed chem cal chani cal polishing (CVWP) apparatus that has a

carrier hglﬁﬂ?‘ﬂoo. Ac@g}séaﬁb‘f F@ﬁs-méﬁanalcmw 9‘3‘?1'}%1 _ %?l%éffawmﬁriﬂﬁgu. S.

patent No- (03138 >7p1ashanamlarCudlh 0SBl SHbindrIm UG PRIGRL 5 el N
ead 1 es a ng f ,

by reference. [0037] The carrier O inclu ous a base
assenbl y l@umerainggi nbal nmechani sm 106 (which may be considered part of the

base asse 104), | oad] nber 108, g retaining ring assenbl
i ncl udi ngn@h:}/?e]t ai )ni rFS‘GiSi- %8 Az‘ggn‘ig aLe # Frost-seciipralivigves me&g@tﬁms §f1%/1ped to

provi de a adierGhgber 350, a carrier ring 400, and a substrate backing
assenbly 110 which includes a second flexible nmenbrane 500 that defines a
pl urality [8033r essurlil&alslie aphdiabenoss-scCtibial viewaofa Bexible mdebrand.r i er head

descri bed a simlar _carrier head be found in U S Patent Application
Publ i cat i o[h&g’ﬂlo 20&&%0&534%@6,%1? H‘«?Weﬁ%glﬂihg%*osur e of whichis
i ncor por atjgg3gjer ei n ke FFERA&N G bold iHQRS)aribs dRAHSANALIR IKBRIGRAR! al |y 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
t he housing 102 for pneunatic pPRATPEDIIESERIPEGON er head
[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, 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
9



100. The base assenbly 104 is a vertically novable assenbly | ocated beneath
the housing 102. The gi nbal nechani sm 106 permts the base assenbly 104 to
ginbal relative to the housing 102 while preventing |ateral notion of the
base assenbly 104 relative to the housing 102. The | oadi ng chanber 108 is
| ocat ed between the housing 102 and the base 9 assenbly 104 to apply a | oad,

i.e., a desswmblyl( @spplye badyieighiownward heshimser wsighiyd the ba@assekilyver ti cal
position pad is al so

t b nbl 4 | at ] t | i shi
Bont ol | ed OBy Th ST G EOGOR L HsRsa BeTblid 04 deBEFaios RACRPRo4 Sy 110
i ncl udes RonitdIRYIBY tRe MFRTRLAREMBE0 081 Tihe JubsPURI bagki g%@ﬁ lf(lﬂ_?lgéﬁ provi de

a nounti n% surfacé for a substrate 10. [0039] Refeéerring 3B a
subst r at e flEg@iblsamembrane 580 wjithea lovensurfacg 5 12 tigt camsmewkib ) mdlmlmpgdultfueefoﬂ)as e
assenbl y %04 srTher etaining ring assenbly can be constructed froma
retaining o Ré% and a flexible nmenbrane 300 shaped to provide an annul ar

chanmber 35039]he r etRaifdting td FIGS. 2@03]53{‘5&5@&539%Eé@ﬂ@ﬂel@%?%@&tﬁuﬁr@uﬁ%em bl e
menbrane 300 and configured to be secured to the flexible menbrane

[ 0040] As assmhﬂw ¢lamped3oppbaseassembly 13Q4a|Therrgtamm@rl@g)@%hmblymmbnner surface

231 and a r f 232. . T rface 231 n, be .configured to

ci rcunf eréﬂ’t1 Hﬁ{ed?yo%g(r;%ﬂﬁal t@g 3‘fﬂ é A%B%F\béft“é 3 @SP%Defié? Ef(ﬁ'g

substr at eaﬂﬁlﬂhﬁ‘tﬁlaﬁtbbt $30. Mthe r&_ﬁﬁmhg)ﬂﬁg 2005 ¢Hn| RGP sKRRePberdebfh theFlakibleng ring 200
can be brought into contact with a polishing pad. The retaini ng ring 200

has an anfmirangiiérand sontigered kabe seswred 4 thettlggitdmembranedfBent ric  recesses

233. Thes ul ar €586 can. b hzed to interl wth a
flexible E%%Tane 38\%%§§§th+ gln(';ég(A %o\/tgle? g)m gtrgllgﬁzloﬁ&aﬁ Plﬁamff)ﬂlr? 63%] The

r et ai ni ng ahd B Qutface 132, dﬂiaihﬁdd@ﬁﬁﬁtef%quhﬁ bO corfli@iged @ dieuRferamtial ar
portion 234 and an upper annul ar portion 235. The | ower portion 234 can be

formed of SHTOundithe pge qffe suhstrate Eytonietain the subsdtate dusing poliphipg.odbslowesuch as a
plastic. Suface 230U HRNEANIAE fing 408 balPod BB i ,}B%ohtgwnlp%,ehm&f@m d also

be durabl e an ave a | ow I on, 1 on shoul d

be suffi ciThpttyini@nrixgezo lhlsanaﬂnﬁlhlaippeﬁﬂmfaaethaoéadﬁmrewaahﬂilﬂhﬁoﬁdgﬁn@gal nst
the retaining ring does not cause the substrate to,.chip. or crack. On the
ot her handecessse 2pHwehespanayl woglﬁ%vﬂr%ﬁse%@%@néeas&efiéo inteockoviHar d

Pressure @Ry fbt&l‘lélﬁbﬁ&hg|36@g6élﬂ%hegaﬁ%§€éth§3I?&ailnméﬁ'ﬁ gﬁb’d' on to extrude into the

substrate Treceiving rece ower porti the retaining ring can
have an i joGt1] di ametl"(he ré¢taining dirgy 2(¥rcahibaohdueceed Hstn M@ndgs@ﬁ&bmr aneulgr , about

ol er ancodOBona 5B PR T GRGPTE OB L1 cHie et portion 355 can be formel ofa ' O M9
material which is chemically inert in a CMP process, such as a plastic, e.g.,
polyphenylene sulfide (PPS). The lower portion should also be durable and have a low
wear rate. In addition, the lower 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, €.g., alumina, or other

exemplary materials.
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retaining ring can have a radial wdth of about half an inch. [0042] The
upper portion 235 of the retaining ring 200 can be fornmed of a naterial
that is nore rigid than the | ower portion 234. The rigid material can be a
netal, e.g., stainless steel, nolybdenum or alum num or a ceramc, e.g.,
alum na, or other exenplary materials. 10 [0043] When the two rings 234,
235 of thd0043¥ai ni ngVhémtheawe rings 234 236 € theppaimingrting acgoiatd,ttheuppener
portion 234 is itioned adjacent to the.l ower surface of the upper

or t1 on 2atrtada e o R RGLAT T bofonsd adiafift o il rysutives e SBdFensi ons
at the i nARktioray 3. qﬁlie%vodir%??étﬁirﬂlﬂﬁhv% Rebsiardidip ERNam Wit BsESnsSH B ihigt t he

two rings 234, 235 forma flush surface where the two rings 234, 235 neet
when t hey aad @ujepdisgteterf onthejr ajasentauracasishelr thobtheitwnsingad3h@3atforached with a

bondi ng | ayer 236  hetween their jsacent  surfaces. .The .bonding | ayer 236
bet ween t usb\%r%?’cleﬁﬁseréé@ﬁ WBFW@%?gtﬁgﬂbﬁeﬁa’ﬂfﬁa‘SV&FerJ;?“}eﬂ' the retaining ring.
The bondi rfgodqyer carheh@ommdalapporfibns @RSkt EhedBYiIEH 4 BbndisdaferdB6a
slowcuring or a fast-curi n? epoxy. Hi gh tenperature epoxy  resists

ag

degr adat i dwetwenitheir adipeenhgpriagger Thiedending laysr B3¢ hetmean theumorringsisan pol i shi ng

process. -] I e inel ol yam and

o Coar ¢ ML B RSPR LR e SERHALDELNTES BRI 5, 1)

i ncl ude cyddhexive materiale SRHIBS slow-cidhesr 2fhat-iring ep6x e ViHighaahp&afufdéposiown) to
recei ve fasteners, such as r.. other hardware, for securing

bolts, screws, or_ . )
the retai AFHYs Argradasion of therbpadimedayes2d6 daerey higl hepy duripg thernodishiag armses- i t .

The hol es Ak t.alyni: i d are

posi ti one(}aéé?év\}géangﬁg}{ﬁ%X%nnu:iggy%ﬁ%&égPzrﬂ?gmgcgecaggsqgggaé%ﬁfg%46] In some
i mpl emrent d0048)s, t hélheatppersunface ofihe 2PPerlpastiondS Saan imoledesdylihdiical tecassepor t
channel s 22 orned.in the |ower surface 232, The slurry transport channels
extend f rc%%‘PI?é 27 mdth sgrexntheaths (Rptshewp) ip sscertiefastensrs. srch #bolEvisreWsofk i on

234 for a'dtl?é?'ih'agiwﬁé}f&{ %c%ﬁé%@%&@@%ﬁ?@%%& exibe rﬁé?xlﬁq’or'hﬁlat g or of the

retaining ring during pol rry transport channels 222 can be
evenl y spagwsitioaedabudre tith lhedtoddsi?il @ gam beygvenBaspacad around the retasp dingcdvdranel 222
can be offset, at gn rel.ative to the radius passing through

angle, e.g., 45,
t he c_hanneHO.smPHEé HRerEihe t%’ﬁﬁ“{ﬁ%l_@’ecoé‘c‘_?/&tﬂ‘f Fee¥eabbut 0. 125 inches. [0047] In
some i npl ﬁgﬁt at i ongy, sbiA8 ifplefeRiafdng, &H@re&%g@?lﬁ%g@h&r od®YréndrBsRHgh hol es

t hat exte rough the body of the retainin romthe 1 nner dianeter
to the outamspait chmrhels 222 foraled amthedowensudface23p.. , Thei slurgy travespert charmelsass from

e et e SALOEL O O F XL Rl SoHlS S G iing” L1
slurry to pass from the exterior to the interior of the retaining ring during polishing. The
slurry transport channels 222 can be evenly spaced around the retaining ring. Each 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

i1



t hrough- hol es can extend through the upper portion 235. The through holes
can be evenly spaced around the retaining ring. [0048] In sone

i npl enent ati ons, the upper portion 235 of the retaining ring can have a lip
237 along its outer surface 238. The |ip can have a horizontal | ower

surface, a vertical outer surface, and a sloping, non-horizontal upper

surface. JraeidelamarBstop 8t thelrebdifivl g AghiatidhStophnd d%é;@ft th@t:ﬁjri@} Hﬂ% 69

i Pk
against the top inner edge of the carrier ring 400e e retaintng ring
wear s durasrile Kigisingaing wesiry dwringgubsteoupdlishingsome i npl enent ati ons, the outer

surface 2 f the ypper .portion 235 . can forma,tecess 246 above the |ip
237 (the @@?ﬂl on ofMtsﬁgleolg‘gﬁeerrﬁ esnltjart\‘oggéhea%@?fesuf%]ge ?-5%0536 UPRE POAR 32| at i ve to
the porticin fofm bliecess 245 atoue tdep 2557 @ poRgor bithe olfRl SurfRE aBSve2fiblip iy Ovi des

p
space for the side walls 324 of the flexible nenbrane 300 to roll when the

chanber 3weessed rel{ative 4Q the pPortomsthe euteowstararpelewshe bl dids tehess@dper portion
235 of t LN L i i we rface than its upper
surface. gflﬁge:iéé{r%?g),r tfg‘agd?ﬁ?ﬁlel%)%‘lu%tggfelegg]f I}ég%%rgﬁ%v%osé rf)gp eggﬁler egi on 240
sl oped i nskmambky3 {0 isevacuagdi ng decreasing dianeter) fromtop to bottom bel ow

a vertical %egi on 242. The tapered region 240 can be adjacent the | ower
surface off0%%e uppeh spBEimplementations thejupper postion ateofghe retainingwing cgabei on 234

can be V\@fdte{ £&Hs: loWer stuE%cé thifk fits R F)ér'usgfgg%f Ao %xixﬁ%l@i Ak %e¥ 5@%@?2@ Zafiuri ng

substrat e pol 1 shing, narro i'nner surface o Ining ring
prevent s havan taperairegidnad6niopbd twdily (i.erehbimndectdasing liaidtely Srot top to

substrate-nmounting surface..In addition, in sone_ inplenentations, the
entire oﬁt?(gﬁonbnbﬁl?‘g@é’ cHfe Wé“}“g% t r:ﬁhﬁéaﬂefiﬁ]gregzlﬁﬂ 2p@ C%‘gg‘? adjacqnt ﬂ‘eé(_“ﬁ@n- stick
coating, Kurfce oﬂﬁélﬁ?ﬁ%}ﬁrgni&% T i | S HRNbAEL g&ﬁon§§9¥\% p FI G 2D,

t he upper surface o | ower portion 4 has a projection 244 t hat
ext ends iverdcah Aesthedspenphirtign pEthe setainingt vy wearsvdurirsgisubsicate pblighives, theper

portion 235. The projectian 2 can.he annular, e.g., extendi .around the
et ai ni nghFioNGT GRS (et Swdhes 94 (e 16 RN NG HES VP Sied n #hiacsnt DRUbler ot ai ni ng
ring to phembMfe thaf pRides K8ubf@tdimBuntil}Subaid! NPad RS, idfincan extend al ong
the outer vertical wall of the projection 244. |In operation, this step

f eat ure timpherentationbhghe entirgouter surfick of Hwwetainng ting rarP3icdatedrwitthengol i shi ng
pad into 53 %atetral force.on the vertical wall 230 of the projection 244 and
a conpr esticl SO BE & 8o RV associ at ed portion of the bonding |ayer 236. The
tapered rpespn 240 nSomlelimplentnfions sRewh iPE1G DD, mlenﬁgem&fab@@f%é’ﬁ adj acent

the projection 244, but the tapered region 240 coul d be part of the |ower

portion lower portion 234 has a projection 244 that extends into a corresponding recess in the
lower surface of the upper portion 235. The projection 244 can be annular, e.g.,
extending around the retaining ring, and can be positioned at the inner surface of the
retaining ring to provide a step-like feature. The bonding layer 236 can extend along the
outer vertical wall of the projection 244. In operation, 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
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234, e.g., the inner surface of the projection 244 could be tapered. [0052]
The retaining ring 200 and a flexi ble nenbrane 300 together formthe
retaining ring assenbly. The flexible nenbrane 300 is configured to be

cl anped above to a base assenbly 104 and secured bel ow to an annul ar
retaining ring 200, providing an annular chanber 350 above the retaining
ri ng. \Wenretdigingming| dihe ddrdpethe 834ining ringrpeeddes @ledd td hipolishing galde nmenbr ane

provi des ap . ndependent | ontrol.l ahle 1 ogd on the 12 retainjng ring. The

| oad on th&#@?@?ﬁﬁqﬂ%&?g ﬁ@ﬁ'ﬁr%{ﬁrﬂ%nﬁg F%bag%t%coélsﬁfﬂm éﬁii’ﬁ‘g Oﬁétf Pa(f%dgﬁ’oendent

| oadi ng onrihfgend! ?bﬁiiﬂﬁn%itﬁbgﬂé%@lﬂe il enfBarfeORBWEInaRE rdt Ao MhoRd iRERAY aS the
ring wears. Positioning the flexible nmenbrane between the rgetal ning ring and

t he carri eheadirendedyge or elitninetedhe ghpast ofagricrtdistpntionon the retaning eingoitsdhor t i on
on the retaining,ri Wwhi. c ccurs the ring i.s dj.rect.l cured to the
carrier he%ccf.urs’fg%enetﬁg NR:EA &5%‘ LTt Ogﬁ? FaEpr he&ﬁs bﬁ? F‘"ES‘H‘ 1 ﬁﬁg S ¢4 Tuneven
wear on t heistoeficH feiltds theghevee ddsiesh the e&ﬁﬁﬁlg\tﬁfgib&l@h&ést o@lss VaMabilfy REhe at e

edge, and enabl es |ower polishing pressures to be used, increasing ring
lifetime. sybotmspdgs anhenablesdomemmlizhingressures fo hexuspd.dnereasingrieg Bomeas

concentri Cggj ran . Si I 24, -The fl.exi menbr ane. 300 can
have a pai {d()(?)’?]eannul g? gfril(lg‘ﬁﬁsmgg@?s ’é@ﬁﬁgf entgexﬁ%l fﬁ}eghb(rgﬁ O%JWS Cf”ﬁ%ﬁﬁ&l 19nefrrom
the top edgel @ftertside walthe324alThe fRRible hbmbfdne 300 ken haRripaAner matlaPAms3apped to
a base assenbly 104 with a clanp ring positioned below the annular rinms 322

of the fl eSftendingranizontitly anddmvardlydrany thetap edgecofithe sidpwislls 3¢ Booflndele a
Lover St BfinrahBR6R b BAnEd 19 bARMN AL 0L GRth ' Farkl RHE BOLBARaFRRWPREEN! NG

downwardl y tromthe an I'ower "surtace I rane. ese

annul ar  camméartrin 3 ofjteeflexible metbbrany) Addigoratlg, the fiekibld membiahe 30Mhay ar
concentric recesses 233 in the top surface of the retaining ring 200
posi t i oned? KresarHece. fihets ndeWRBRAHEL cConEtus PIRIREPRL 3 GFX N ane 300 of

the retai “'&Gn»(r%rggr ﬁ&nﬁ‘ﬁ@% o RG sBHBMth@ﬁe@Rl@%{iﬂﬁ e TR Lr?nu?a}rasu c

all owi ng the nenbrane to flex under pressure. e elastic material can
i ncl ude si torcemec argeations B2 @xantyd wred todit énto shesannIA0 brceilinie reawsses 2381if ace of

the flexible nenbrane _can include circular holes 312. . The cjrcul ar hol es
312 can beth54ep syreaf Hes(auing Rog %ﬁH%ﬂﬁ‘F‘éBelewﬁg%ﬁF’Pﬂ? IB?‘B}’@E?-i ons 326

and can be ly s . f i rane.
[(rg\rs y pgflicgﬂeﬁﬁf&qﬂélnﬁﬂaﬂe B QY6 the Wtilﬁﬁ‘lg N afsﬁt?nﬂsl& gao&}tbé RorABaL

The circu ol es can acconmodat e fasteners, such a ts, screws, or
ot her har dva materihbthatsie elastin gllowegfthe riebibeanedoiflennadg @oessaret Abe elstad ni ng
ring 200. In so to secure the flexible nmenbrane 300 to

the retai nF‘ﬁb’“Pr‘E?é‘l 1%%‘?3”5[%3(%}5'(?%33?}% exeIpjary MYeiidlte i s placed in the

recesses 2fggsspnd ONEhYRMves SHIENR IR fEXPEIE hRthbrane can include circular holes 312.
The circular holes 312 can be positioned between the two annular concentric projections
326 and can be evenly spaced around the lower surface of the flexible membrane. The
circular holes 312 can accommodate fasteners, such as bolts, screws, or other hardware,
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
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t hrough the holes 312 in the flexible nenbrane 300 into the receiving
recesses 212. Thus, the flexible nmenbrane 300 can be effectively
permanently joined to the retaining ring 200. [0056] In sone

i npl enentations, the concentric inner and outer side walls 324 of the

fl exi bl e menbrane 300 can wap around below to forma | ower surface with
curved pportibM R 838vid¥aesllihp ﬁid‘ge €helt PbenitRAD bewsin LS the AR ité nletbRareqb @i Ni Ng
ring 200, the curved portions 328 can extend bel ow the upper surface of the
r et ai ni ngMeVAED archéowy I8sPonse [FopressurizatpRdr gyasuptien of thechamber3isAge t hat
permts t t f . 1 exi bl ne.to __nove u nd,. down.in response
to pr essu?’:ﬁ}zla isgﬁgz%nglagb‘ggﬁlgtoﬁg% of %lgg:%anglesro i vh bov‘?’n"ﬁ %Igls.fﬁ h%%fglggaént i al

bul gi ng ofimk 322 sardliee thadkleBthdr he dide WallEE3 2447k flEIbIS .mdnitstaid) Mhednnulat M5 322
can be thicker than the side walls 324 of the flexible nmenbrane. The annul ar
concent r i €ONSERFie prAjestiong 386 earalsy bosthisker thae fhersidenudls 4. si de wal | s 324.
[0057] VWhidogsf e T eiyallifihel e A10 28 @Mk Gl 68 rdifln hShRly A Pupst rat e 10
and providée active edge proces% centrol, Re cal rier rirng Hb provi des

pO|Si t ihoni @@vig]lé actief afjge PEOTRES @{r:tlbh@h&@li‘ﬂ‘lérﬁftngf ahrovidédsosiionimgca of the
polishing pad. In ition, the carrier _ring.400 contacts .and provi des

| at er al @Ef‘éﬁw ﬁ%fg‘ﬂﬁﬁarflﬁéh‘?aéttaithﬁ Wfass efghe e%l}shvrgepaéa P addition, thecarnier i s

configure i I); r : LN gl i t he

ot ai o ngrnd PLGEAR SGRUEL, MM EENANG of Bl 3L Atk 808 Sbhe B B ought
i nt o cont aog 400nstchnfigyred tesdiraugn fp@dtial[y D8 ind\s rexdnoimg ring FOOGLikeMhC, t he
carrier ring 400 ca ave an. anpul ar, upper . portion 431 and an annul ar | ower
portion 4%ning émaptge ?O‘b‘ﬁrsﬁr}?ﬁ? ‘Q%loafé%ﬁmg%erﬁg& {qosagde Lo contaet
assenbly %gﬁa%ggﬁg ggpve rounded portions along the inner and outer

diameters of its upper surface 434. The inner dianmeter of the section of the
| ower por [0068] 432 Akshowwoim B 4At4(3 thetaniierirmg 400rgn 2@¢e arsarjnudar upperger t han

the outer di.a r of the ssoci ated portion of the retaining ring: if the
et ai ni ngPITIAG 4 b AADERATA FONT RORAT. $12dd 0 WPRGTParHen §Hein T FOSEPBIY of ¢ he
carrier rpdiaiid dasOFssBRBHL 1A hnldRaH hh! B8RRI HARAE (iAkLand Judr exanpl e,
an i nner dianeter of about 13 inches for a 300 nm (12 inch) substrate.

[ 0059] Thdiametees ofitsruppensutfige d3h Ahe innar dieoetes ofitht sattomopfithe logver portighamet er
440. The ess 441 can he. defi .b vertical suyrface 442.extending from
the bot t ofi? &atscaasts/a8retaSing Rz iy MsClateRt toed e eriiPRisT 918 the out er

di amet er 440ciaR oﬁioﬁlo@ﬂﬁdretassmgrﬁﬁg: ift e re@MNECthgd B dbbet haedniified widél f ace 442
to the horizontal surface 443. The wi dest part of the sloping portion, as

nmeasur ed thenithy ianeraliamétecoiobe cysier fingwilbbmatipat an inchédarger than the substrate,

for example, an inner diameter of about 13 inches for a 300 mm (12 inch) substrate.

[0059] The lower portion 432 can have a recess 441 along its outer diameter 440.
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.
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upper nost edge of the sloping surface 444. The | ower portion 432 can have a
rounded portion along the edge of the outer dianeter 440 and the hori zont al
surface 443. [0060] As shown in FIG 4D, in sone inplenentations, the recess
441 is further defined by an annular step 435b protruding outwardly. The
annul ar step 435b can have a horizontal |ower surface, a sloped surface,
and a rounfi®dlporti ol sunonignplérreratipmsofs shbwn id FIG. 40 flRcasrier Ting hab aest
portion of the annul r ste IE ESEO as nea é'f al ong a radial_cross section
of the | ondtasdly Prem 21‘3825"3 Hihg, H@nd‘é opgdhe wagksustace 30 alftherr st ep
435b. 14 [Qﬁ’ﬁ%eﬁtﬂtlﬁﬁnﬁ‘s RS IGAE Qﬁksca ﬁﬁ@%‘%‘aﬁ thriet gﬁlrfa%gzt%t) DA i er
ring has an i1nwardly protruding stép in e Fower portion 432 along the

i nner sur f natedRddicllar,ais Inmresentcpilbgrthmdahccbhmq ind Gs4iHovn thenlobesurfdee 48he

carrier ng,has an.i nner r 43 ch
reprlesent eaptbﬁcg’ﬁ‘gr Hé%ﬁ?gﬁloﬁéj}hgla(i{‘: %Elﬁi“gi‘l %:E‘ateflasstqg ‘8&%?1?%3? 8%6229‘3“ of the
carrier riggrcakbnawelppii@bleds aane- ﬂah'rH@Js%h@&nﬂqﬁlGEM@a‘HdQﬁﬁ "R Gnnel Ne

sl oped inner surface could be applicable to a two-part ring 'as shown in
FI GS. 4C asmfaétD)BO irztremphmutwstdl}" from WBM bQitom ol the regiomaf ik ymfer surfacep to

bot t f ace .,430 th f
295 el g TRt R e e i HEURET e SmeleRtS Rty hea-®
433 (whet hgg 16We @iafatémjwﬂétm dhe e thE' Bﬁ'm§ B frR6Red §iRfaRL) féf‘auwtdtmgﬂer

regions of the inner surface allows the carrier ring to laterally reference
t he ret ai niagipnsiofithe ipuy surfpce qélownhha@mmrlrtgdnéatsltalimgferencqﬂne rétoinag g of

cont act be en,the. ealnln rin t he rin even. as.t he

Corr e DB AR OSSR hebh R foonbdl R et edine SRR e

pl acenrent e cbﬂi%rhﬁgtd%ﬁ a@thetdé.ﬂlé@(i’ﬁltg%aﬂsf ddrih@ péﬁﬁthhgbf the RAbgiake. Hrevent
torqw ng of the retaining ring when the retaining ring contacts the carrier

ring. |n seddition, piacemenitofithefeature aidhe battom efithe semicngBg 6an present devaningeft i on
432 h eh
22 oo S P B LR AR AR, L1 ooer

Cener al | 'y, iniplemestatidrisethelower susfae@«ttfa Suhebwed pSttioh @30 thagla k@akérihmg ri ng 200
and not to contact the edge of a_substrate 10. The upper portion 431 of the

carrier ri Aigmetso thagthe H@?eﬂé’éff%?yﬁﬁﬂ&fﬂ@eﬂppefrmg%é%l .or holes 412 with screw
h h h
R R e i

har dwar e, ecuring e carier rin a The
hol es 412 Cﬁﬂelhengeiﬁeﬁhﬁgt&a@&&dlmmwBdethlhﬁlgcrﬁfgrﬁ()@randlnbgto dontasotiie edge of a

i npl enent ati ons, the hol es 412 do not extend over the h r| taI surface
433 of t heSybstiatsd 042he uppgr pestionst 3 of thescarrieniing 400magindyde lﬂ‘éﬂ es can be

located enfd.E&LyoARReE DRG] L@Lw sRWRIs @s sfh@&'ﬁ) fh¥dceive fasteners, such as bolts,

screws, or other hardware, for securing the carrier ring 400 to a base assembly 104. The
holes 412 can be evenly spaced around the carrier ring. In some implementations, the
holes 412 do not extend over the horizontal surface 433 of the recess 441. 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
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Additionally, one or nore alignnment features, such as apertures or
projections (not shown), can be |l ocated on the top surface 434 of the upper
portion 431. If the carrier ring has an alignnment aperture, the base
assenbly 104 can have a corresponding pin that nates wth the alignnent
aperture when the base assenbly 104 and carrier ring are properly aligned.
10063] I n swmdy spactdamnhdtheansriertring. Eachi slerry nﬂan@oétmhahx&s 40P eambe ofifsceatt hr ough

slurry transport chan eI 422 on the botto sur e 433 t xte fromthe
i nner di aRBRR$ICLHE "t‘té‘f" taoléﬁf@ W5 PysIng qug ‘15‘6{“?‘11 E‘ k?@‘zmg‘@ & $owi ng

slurry to mntérqm éhQ&e@ﬁ?! ¢t belal hélﬁwitm}{%rrkﬁfnngé rlhﬁghzﬁﬁél“ & sdrhd)9 during
polishing. The channels 422 can be 1% evenly spaced around the carrier ring.

Each sl ur r gmbpdimeptss thecharneingshanreiav Barovidee thaatthe retaining Irimg chanpels 45,

relative t he radi ssing thro he chan Referrin o FIG 6,
he-car i erZpiagnaedIal © bess thotm ol dp 1 T Ui P90 FPhg

channel s. bﬁarﬁﬂerethe@mﬁﬂhﬂgetasmetsh@z@aﬁnmra WidoCAWRINE DS infthés. are wi der than
the retaining ring channels 222, allowing slurry to pass nore freely to the

interior ofl0G6d¢ ret aulrmscnge rmplgmgmetlomoﬂle cestgnping 400 hes engrarineere thragglchannel s
422 can ha

the carri ool i SbenElaR AR nge Smelt RF B ghie? Rimede REATRugPHERT Befie e

i nner di angd 4ss fidnt the lmutl@rtodh@émémr droffora keQ3MtdRibr $6 thelidteAbr, B the chRiePass
fromthe interior to the exterior, or fromthe exterior to t he interior, of

the carri efingdurige pelishing. Jdie thrpughholes san ﬁftmﬁgthrmhéhe wpner ptiend3 hifbegh t he
eoper Por TR e AR R, O LYy ORGSR

carrier rlng

carrier ri mgrdare though Rolehin thetcadriot figg buti@t inlthe Setaihingi nihg €THys, fluidpd.@r from a
cleaning system that is sprayed through the through holes in the carrier

ring wll “@@rffm&shé@a@ammﬂa, t&PHﬁ@PF@YFél thraugh the thiqugh helesim thecagrigr ping g
ring, thus ggak, tlc{ggvsm%?@ﬁﬁngtﬁe"tﬁ&{} shitfc &rrtﬁA[ Felialﬁlhg gh tg]afe%ﬂgrﬂﬂg ring.

I n other inplenen ereare hrou es In e carrier ring
but not i nspdre beBieehthagarriening aiddetaligng ﬁnig) ulgmtlhmllmplenaanmtiahs,ght&d ao t hat

Such i mpl e AR R O AGISS AT SHLE h S A o 2 1 PToRGh BB can be
T R O e
t hrough a poct mrm’neméntatimts the tiwbugh Hdles thi'mnghsthercrammdmgtm cagbaithd sagier i ng,
e e Gt bR S S0 e TR0, 0 St
prot rudi ng jhbRnf3fi8hOREe FIG 1), 1RRugh o850 A3 FornaGhRUERE dottorGih@

housing 102 that surrounds the retaining ring, rather than through the carrier ring itself.

[0065] Returning to FIG. 4A-4C, in some implementations, the upper portion 431

can have an inwardly protruding lip 439 along its inner surface 430, where the lip has a

vertical inner wall and rounded portions along its upper and 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
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vertical inner wall and rounded portions along its upper and | ower edges.
The protruding Ilip 439 can have an inner dianeter equal to or |less than the
i nner dianeter of the step 432. The lip 439 can provide a hard stop to
engage the lip 237 to prevent overextension of the retaining ring 200. In
sone inplenentations, as shown by FIG 4G the carrier ring 400 includes
bot h a i nc#3 e berfoamedsefi 4 meterialthatdm monevd gid| tharpthe fowaatipogtidn 4824 3%he rigid some

ot her inplepentations, as shown by FI ,,the inner surface of the
carrier ri W@gﬁat)caﬁa@ ab'B'ftﬁIs’ S S%@/ﬁ%cfﬁ?ﬁﬁ?é%%ﬂllﬁg0%%]55‘“&{“’%%é CEBWF: portion
432 and a ghoRRehihd)RebtheHEXAsRary Hdterials. Tmbwegﬁoﬁuh\m ghybd fRmelgEs oM t O
top. [0066] |In sone inplenentations, shown in G 4C, the upper portion 431
and the | @riabwhich inchegrcally in¢reincaEMPeproedsnguel s apldstioe.gdi f f er ent

mor e 1 o1 cPORAAPRERe B REK ) o SaRE R R, GG dllea PR Gl Bpidiiaet 21

e.g., stai@Adx%orsalcembpositahytedgnum or alum num or a ceramc, e.g.,

alum na, or other exenplary materials. The |ower portion 432 can be forned
of a matel808Y] whi chWhsn dhecivocrartignsi43ds 432 of the GvRepringeare $oinedidhe uppen

pl astic, e : ! . rhon filled.PEEK, Tefl on(r)
filled PEER aﬁ%%’ﬁq?‘é‘?%pg’mﬁ% ‘? %§§1{1§E§O@d agg‘lﬂttg?hﬁalto&ﬁf Sfrface Bg%“f]“l’i?ﬂen t he
two porti opstiéBa31.4BR wio pditioatenttly havigsudk@niifiythel sarh b @mtARBhs atgHé f ace of
the | ower portion 432 is positioned adjacent to the | ower surface of the
upper  por PngRndputer diamateys op shaiy aliacey 8¢S syich thae thefyetpertiana B, 438e same

di mensi ons t i r., o I 570 i j faces such
that the ti\e/(\)o%gor |h(§ns SVX@%Q%L{%&O%&%@P&%%&U‘F#g@gh\}\%g;raggf%q%efwglegof)ti ons
431, 432 nasmlaspenionkeyn be sttgchedwith a Boadingtayeadddibave@iotheiradpmcaan be
attached with a bonding |ayer 436 between their adjacent surfaces. [0068]
The | ower PBRESON 432 can have a step feature 438. The step feature 438
projects v ecal |y i J r i recess
357 T tholP6SEer porteShieh ol RitR2 BR ki defrichdll s, SR TPt o

adj acent t projebss viertivatly dioamie dswergfortidred Xanta @correispehdiidrecd @33 irethef eat ur e
438 extends upwardly Lrﬁz{{\a hqr i zog%S | portion of the |ower ring 432. The
step feat uFRPEHREUORAP bs The,tep € 43S ANy pteR pdiperatt foukRe inner diggeter

hori zont al 1 : [ | : ds to
the step gggg Eérfelgl;lréﬂ-, @%% t ast'?iel)\?\ﬁétrll1 ¥{?1§e%3&\/\gr9% g?@?%ﬁg%fﬁln H%{)gilgggorti on
431 are brafithhtowedr oipgtdder The kiep Seatyre 38 shares tha gnrfer timmieter ovallef theeloees 437 of

h fon 431. T 7. h hqr | I f
e ST RSB oA, 5 AR S 1 5P nd P 85

feature 438, so that when the lower portion 432 and upper portion 431 are brought

I

together, the step feature 438 fits into the recess 437 of the upper portion 431. The recess
437 can have a horizontal upper surface and a vertical inner wall with a rounded portion.
In some implementations, the step 438 is only at the inner diameter of the 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
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In sonme inplenentations, the step 438 is only at the inner dianmeter of the
|l ower ring 432 and is not at the outer dianeter. 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 sone
i npl enentations, the bonding | ayer 436 may extend to the surface of the
step 438 iby thhdorisguwalanadin affthe rerierning wlative tythe [polg8hg Bibasrthé carder gegner at ed

during rotation the carrier . ri.ng exerts for on,a, horizontal. bandi ng
layer . 1 BAFRrebao i gpRRh iU RE o Bl TS R R L PoBRBUE 28 e e o
conpr essi Vigask of i L\?Eeﬁﬁlﬁti&@@l‘. M@ ddaiieh, e QerdiNandrRmiMsblideah giearer wal | of
the step feature 8. The transfer of shear force to conpressive force on

t he bondi neprdingeareafoe therkandingdayaid36 ibredusholotic gicrese afsurtece argadd thehe | ower

i 32.f h i hat |.cak in. i i
A

hor i zont al oM@t perion 32 f@nChe bpér portitth 43 Fuirther, e Yondingdhyet BBAGlopatheas t he
carrier ring.  Is pressed down against the polishing pad is transferred from
the | ower Y5H¢dl grenwalliabsarbestrasy esulgng fiom wisyen theonel expanszan batyweepddi t i on,
the vertic L.pner, ' g ' : bondi ng

| ayer 436 faskRE g Sinc: BORXh 3% (@ 2h BRI ha RANLRR: AR Rlell iy 20N 10

| ar ger bongargiakiheke RWOpoRIdHASS (¢.5ea ldsk Bbidaatbre tomeliaitinaérialBucka t he
| ower portion 432 fromthe upper portion 431. Further, the bonding |ayer 436
al ong t he PEEKcpmgpsitedner wal | absorbs stress resulting from uneven thernal

expansi on en terd [ . e i rd. Ol terial
such as st@?z ess sP@eﬁ%ﬁeghlgﬁ%nﬁl?%}olﬂg’%é’h&? (ﬁ;g 1ﬁ§\1,\§$]4%?ﬁ3 %nrﬁl %Zth%{é&éega a

| ess ri gi dpationd3 Eambtip llévwesrtponiined I2adf thaicdirier ridgkodmsopaiigiegnit hade/al | n
sonme inplenentations, e, g., .shown .in FIGS. 4F, 4G and 4H, the upper portion
431 and th@ewmma&&aﬂ-iBﬁe%@%Farflﬁren%gamb@rfgwwgof?dﬁﬁtﬂlglewl&dgfsng| e unit
made of t : ' ' i ery Iy f a

Tt or al vhCERCHE R A4 BME pGesibubiya GRS, PolRURATNARALA: FEEID) o

e.g., pol yetrbar £lidePKEK ShflohREfked PERK, pedyanfidinhid (PARBE, a defipasii¢ matefial.| ed
PEEK, polyam.dimd (PAL),, or a .conposite material. . [00711 Wiile th

ret ai ni ng ﬁﬁhgj 200 igﬁ’g‘,})@ﬁlf’? ynuge f g?b{)&ﬁ?ﬂ ggﬁait%FWMF@Bgﬁstuq%&edge of
a substrat &e%@gé&f&ﬁfbt@iﬁﬁe 1580 RthR tieBuBstrae, fal FRXGHIE BRSO ppOAdRLVi des a

surface 512 to nount e substrate 10. FIG 5 shows a partial cross-sectional
vi ew of a sirfaexShl ® mewlthnmbs0ds 10hEI@ Sohbys apertiahkfossfectinpaloneyssf ect i on

o 1 SERE R SHTREAIE ki D BT A0S SR kORI Shove
symmetric flexible membrane is shown.
[0072] As shown in FIG. 5, the flexible membrane 500 can have a generally flat
main portion 510 and an outer annular portion 520. The 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
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main portion 510 and an outer annular portion 520. The main portion 510
provides a substrate-nounting surface 512. The outer portion 520 extends
fromthe outer edge of the nmain portion 510. The juncture between the main
portion 510 and the outer annular portion 520 can have a peri pheral edge

hi nge 530 and an annul ar recess 532, |ocated above the hinge 530 along the
outer wal | wall. Thearouiaestep3dican hperionchorzaftal (Tle sloeingp hpperland élge hi nge 530
can have rounded portions along its inner and outer surfaces. The
peripheral“%gaﬁ'hinge 530 and the annul ar recess 532 can be configured to be

conpl i ant, [fgmpr ovi Ng shhR impENEIntMioRs, thOAiPE nibrife SRT LRNBLY sQferd] lhe

substrate [ 00731 The outer annular portion 520 can have an annul ar
recess 522ammubandlaps. sThegutiepoviadn 510wiah dhvd Huc corfcegfuic @dntler Bigsdd6t Ade out er

annul ar portion 520 to fl.ex. The outer . annul ar rtion 520 can o have an
annul ar St BHSEBRIGE BOTAR TR R A SAGAE SorsrGr 178 8R0RH TaPF g annal ar
step 524 CamnBAYLoNA otieF hriRildrPortidn 320.caf h@RI DEAriZbRRE hoRRdE S40\WRIendiplr f aces.
[0074] In sone inplenentations, the flexible nmenbrane 500 can have Several

annul ar f | iaperdisrivethreghick g 656G nThel thickatm$ d¥kcdncdercontigeredto be sanreditar f | aps
516. The outer annular pornrtion n have a paiy of annul.ar.fl aps 526.
The annul at?as'f" F?fﬁglgglzibﬁ' Cdgsnwggvlnéﬁif@ 5? ﬂbe li?ﬁfre?nng%ﬁglagfmb@? 8 %Orgfﬁtaa an have a
hori zont al pd3f6d Wath3¢ RareowéTee. NBoesndvextehd/asviat idwardly) @ln fieMbwelanniae t hi ck
rims 550 can be conf Lrg)téred to be secured to a base assenbly 104. As shown

in FI G 5, flathdnisppecmbediments, theagnterannwayeortion§2¢ eamhaye anganglpoisiangileh s
narrower (I.e.. dges not e a Lo d d n.t |.ower annul.ar
frap T chrflon SR RRt-ofts} REUGRP UL VAL O dipplad Hind 85 SR CoBRINAT o,

tri angul arto th@slteOshnuidh goftioa J201thdagh tle vealcks oNte adMlef trinhgulpgiortief. annul ar
flaps 526 can be connected to the outer annular portion 520 through the
vertices of007¥e annulheinpermpsgengentpeennder flap PGoopnegied fothemamsporéehcent ri c

lar fl NSRS _ el . |
ot on et DA InARRIERNE R pbiton Tea ol Pl Roith £ 704 A6 WAknaNBE 20005

secur ed t ocohfigasd ta5s sethked tbQdbas@inderablyald ARy ancangliel apgled pertiob660. The
annul ar angl ed portion 560 can be, j oined between the main portion 510 and

t he hori zo#inalar apgled perioop gan heipimedybetween the mainmation ALl and tha §r@seniadr ¢ i on
560 h . } tratS ad . i j 10 th
ot it unbfn SO Rhp I8P 16 e b PN MY S Gl TP B s 00 €

concent r i catdBrjuhcdiire Withpthe nikin paniior 61 @ thahat ithpnomrawith die hovizobthDpartion.i ncl ude
a vertical portion 570 extending fromthe main o;%i}gn 510, .an

a .
hori zont al [0936k i on ekkehme RIS qoneerids ppnular ronpeefediq theanaimi ck rim
along the ;%Higﬁ 510 can include a vertical portion 570 extending from the main portion 510, and a

horizontal portion extending from the vertical portion 570 with a thick rim along the outer
edge of the horizontal portion, which can be configured to be secured to a base assembly
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
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edge of the horizontal portion, which can be configured to be secured to a
base assenbly 104. In sone enbodi nents, the horizontal portion of a
concentric annular flap 516 can have a smaller thickness than the verti cal
portion 570 of the concentric annular flap. In sone inplenentations, the
second and third outernost concentric annular flaps 516 can have a ratio of
| engt h of Meini pooticrab 1 Gookte martcht $0 @ndre onfigured to rediicepontpressiohy th thetmaien about
1.5 and 2.0 .sugﬂoas about 1.66. [0077] In sone inplenentations, an annul ar
flap 516, BUHORA0-nave one or more indentations or notches (i.e., an

annul ar rep®ys) - A CRIGRHeE hépedlvith@invihtam, 2ot In!FaGE], & calth GBaPRP at the
juncture between its horizontal portion and its vertical portion 570. The

notch 580 E¥P eanlingiudhebaseepseoriinl 0% onanmHatoktaitieg ting 2@ pedidoredigheath f | ap

2t its j unde SHE bbbt oo Ruf AR 6 AROMRG Rl BB BT £ T

conf i gur edsibetrite d 0 ¢S retANPLRBERNS, al first MexibiBinem @l J00hRPR. to [6VE&d ard N
anot her aspect of the invention, as shown in FIG 1, a carrier head for CW

can i ncl udemnalasshember SSRtpositionerd beagath thabase aysembiyni (4gandiabgvothe apaalet i oned

b h . .10 i j i al . d
benean  MfRAgRpEePEPl PR SRULGULGR, Sap LA R AL RO
menbr ane 38l siepedifléxiblermuamblana S0 ponidingra sibsirdieimadbling esifideOwhéteinaneat h

t he base assenbly 104 and above the annular retaining ring 200, a carrier
ring 400 cYelumgresatsdihetiveep thebass angmbly { ploanddhe psrong flexibls membrang a0 2 second

flexible mg@%gﬂésggri?{bﬁev&%hﬁgrsa substrat e-nounting surface, wherein the
e

vol une create t ween ase assenbly 104 and the second flexible

menbr ane S5@O79F or ns Thepressmsizable zhdmieere bmrbedvaned BYA9mpigahpseesadir i zabl e
chanbers can be formed by clanping the second flexjble nenbrane 500 to the
base assenheXibleauenprape é‘y()pﬁol}hggesew%fn%&bh%ww pelwplipnot congegaic chanber s

can be conf:l gur s& I : i anber
o the out L I chfiniérs SHE EETIHRIN ORE ARGl BADE, FIRSHIRREmERTPTY
defi ned bychdnebeperthpbeteahosdhanbérn Jhe 5&0nd ostenmost chdmgberpwhich us paftialty pr ovi de
better edg

can be 11 ey By el sbEa Lo teHOM COTIETo AR Senbl y
preseure oA P e e passage fof the annul ar chanber
350 of the[0080) st fl elichl chamberbraarbe Bidly corpdedlbis pasgeges gnottshewh)ohuiugh chanber
108, and Othe bgs?esassgqubly 104 and housing 102 to an associated pressure source, such as a pump

or pressure or vacuum line. There can be one passage for the annular chamber 350 of the

first flexible membrane 300, one passage for the loading chamber 108, and one passage

for each of the six pressurizable chambers between the base assembly 104 and the second

flexible membrane 500, for a total of eight passages. One or more passages from the base

assembly 104 can be linked to passages in the housing 102 by flexible tubing that extends

inside the loading chamber 108 or outside the carrier head 100. Pressurization of each

chamber, and the force applied by the associated segment of the main portion 510 of the

flexible membrane 500 on the substrate 10, can be independently controlled. This permits

different pressures to be applied to different radial regions of the substrate during

polishing, thereby compensating for non-uniform polishing rates. In addition, the

pressure on the retaining ring 200 can be varied independently of the pressure in the

chambers defined by the membrane 500 using chamber 350, and the pressure on the

carrier ring 400 can be varied relative to the pressures on the retaining ring 200 and in the

chambers defined by the membrane 500 using the loading chamber 108.
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for each of the six pressurizable chanbers between the base assenbly 104 and
the second flexible nmenbrane 500, for a total of eight passages. One or
nore passages fromthe base assenbly 104 can be linked to passages in the
housi ng 102 by flexible tubing that extends inside the |oading chanber 108
or outside the carrier head 100. Pressurization of each chanber, and the
force appl [0881lby t heAaymbet ef ambogimensnof b rethigingering 2, firssdlesible of t he

Thi s per i TRHOANE Payant Heci 820 i e Seorta e MARFRERCHD. 13080 one

of the subsiovateandeimp@meprddiis the@rridriheadby conpensating for non-uniform
polishing rates. In additjon, the pressure on the retaini ng ring 200 can be
vari ed i nd®88%dent | yOreralhye thercarigshgad ¢anfheher opmpsise 8 hgusing 2eR egnneeted

menbr ane i r : e hi 400
can be varstlggﬁy§éengtS_sl%§% g(Mt %gp%)P gggﬁ?g(gb%%e%t etggg gﬁv%?ﬁ%ﬁ'?ﬁ%é%ﬂ hﬁ%% in the
chanber s dehitredatey withea mertinbog., 206ninemnNBEEK ol Deuth pugite hawsdaial. TRS8. 20
100811 A nunher  of enbodi ments of the retaining ring 200, first flexible
menbr ane 3WEUCrTE 408fithe carfigichead gan apply & AeWBWeIITICHIERP BIRSlifABPRhelN500, as

descri bed od%ﬁg?tpqhimﬁ)?&sw ahgrﬁesdf%ehligénﬁﬁﬂ 4b@§8g%§a5&§ﬁ£{ ally,

the carrier head can further conprise a connecte e base
assenbl y 11bd dawdwanlgresgurecapplied be theeetaindal ting 200 rTheecastiafring 400ecanderi er head
can be coafed with a material, .e.g., aluym num PEEK qr a conposite

mater: al - forged eha mow gl ARptorn) than thepstaining riog 2Rl ie gbt%ﬁ FAEeEMwar d
pressure tQeinfd%h b W&dafahan thd retinlHE HE e WRBIS of i mm%ﬁ% ure
appl i ed by 'te len%%larri er ?"Pngan400r€irs gfgeater tChan foﬁe ﬁgvvnvva %(gb;%ﬁd?e

appl i ed bytht karieeting 300 cam barariz0@0 adjhe preaesd rsultsi Ay pddidulagthdpolishmgned of a

g | wearPRGIG G pagerede o GAIRG: b tnepRpd Vidh et e | no

r et ai ni ng ﬁﬁg}g 200 and the carrier ring 300 can be varied to adjust process
results. In particular, the polishing profile on the substrate edge can be
al tered by[0883ngi ng Intsemgi cstiodimentp thsrstaining oing 306 canr hawg slot9osBlough sone

enbodi nent t he. r.et ai,ni fl 00 .c aye, slots.or through .holes, as
"nd cat ed Bye AeirieRdd e beP FRt R Flodte KT AR AR o face
231 to th@eQuicesurdte 238 of dGe@inidd@ng 2ofon bN@winlg THiE Ppds® From the Mtérebrf | Ui d
to pass fromthe interior to the exterior, or fromthe exterior to the

interior, wfthe eeriomer frat dheexeriardo therintgripynf tietring. shhesesslpty camalignavither head
E’ g? a?gidn;a%]?rﬁ rér?%%%rr?er Hesd’ ISO()t and" @8 rIl)roeil)f x rsnegrllsl{(r) rVX':lS{l 5% sé gllei\rry ifr%%ne{hieor of the

interior of the retaining ring 200.

[0084] In some implementations, having notches 580, 590 in a concentric annular

flap 516 of the second flexible membrane 500 can improve polishing uniformity. A

potential advantage of notches is to improve polishing uniformity when there is unequal

pressure in adjacent chambers. Specifically, when there is unequal pressure 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

21



100841 In sone inplenentations, having notches 580, 590 in a concentric
annular flap 516 of the second flexi ble nenbrane 500 can i nprove polishing
uniformty. A potential advantage of notches is to inprove 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 pressettge almibdrdlap STe Foahérgrgotches S8 ap@tame pdsaionedand ead t o

regi ons of onpression in the nmain portion 510 adjacent to the,sefarating

flap, resutonfigered fo ducs,dovwrward depdiramsmitted fiama at feath one AL s dresswizaRler or m

pol i shi ng. j ] J in
Por 1 on G173 aeg TroulicHineril; £l dHp 346 10 B rhiHE Kb STPNE S0 BB

fl exi bl e atoniphessjonsnat theenaid pogionddOces conpression in the main portion 510

when the f bends due to unequal pressure, thereby inprovi.ng polishing
uni f orm tyﬂog&]not ch Qﬁmg’ﬁrrf)%lfénq‘??g%‘?’gﬂoﬁge &1‘4@8\}\?‘% e@@EEQ?FPF‘Bgd'annuI ar flap
516 t0 11 eNeyefibiss NEviAMHRIBHERLdoR thH S EGs méhiﬁgdtf;%ﬁ?may%%aﬂér\&iﬁ%pl e

chanbers on both sides of the 21 concentric annular flap 516. Furthernore,
not ches 58{Epafiag franthesppisnd scpedf thrednvendiohi §or edntple, sedualeofdoewnwar d | oad

transmtted fromat | east the pressurizable chanbers through the
concent 11 CoRRTPGRA s 816 of i spal e blE mEftshe &b ARG drpnfal piiied

conpr essi OftsibM540 BB Bf APAHHuRR verkidal ddP@&P3 707 1HWalieibn HoteEb athygent s of the
i nventi on have been described. Nevertheless, it will be understood that
vari ous molgcdtedimttho middtapf beenigalaorian®it; at afjapetrs wigh theomnulaeangléd i t and
scope of the.in tion, EFor ex | e everal of.t concent.tLic annul ar
rabs 216 WFPhIoL ot 8ine jifcuFh BBk o BEHE R pohich g SR T 2p0angt o
portion 56Qcdondih@3tothér iaiplanditdts ¥R Witlia theXebbd OMNthd féllowifig a@ehd.i on, not ches
may be located 1n the mddle of a vertical portion 570, at a juncture with
t he annul ar angled portion 560, or at the juncture between a horizontal
portion 540 and a rim 550. Accordingly, other inplenentations are within
the scope of the following clainms. 22 WHAT IS CLAIMED I'S: 1. A retaining
ring assenbly, conprising: a flexible nmenbrane shaped to provide an annul ar
chanber, the flexible nenbrane conprising concentric inner and outer side
wal I s, annul ar concentric rins extending horizontally fromthe top edge of
the inner and outer side walls, an annular |ower surface, and two annul ar
concentric projections extending dowwardly fromthe
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annul ar | ower surface; and an annular retaining ring positioned beneath the
fl exi bl e menbrane, the annular retaining ring conprising an inner surface
configured to circunferentially surround the edge of a substrate to retain
the substrate, a |ower surface configured to contact a polishing pad, an
annul ar upper surface, and two annul ar concentric recesses in the annular
upper surf EBAT IheEAIMEDhS: annul ar concentri ¢ projections of the flexible
menbrane are sized to fit into the annular concentric recesses of the
annul ar retaini .ring assenbly of claim1l1, wherein
t he concentrlc ggﬁ%#ﬂgaﬁﬁ%ﬁggﬁb ml ‘s of the flexible nmenbrane have
curved porti onsa fixiibledndrgbrand Shupéch&) pt@fz)ldé an amiildrashambed, deeflexible he ret ai ni ng
ring. 3. The retaining ring assenbly of claiml, wherein: the annul ar | ower
surface of MERErAPE EIMPIIENE LA CHKIE 1¥“EFrrtaH%Pu‘@bﬂ§? walls, aanwlpyeonCPRtic IwEs ci r cul ar

hol es, eac&t&dﬁﬁ{dﬁfzonﬁhgﬂ gﬁytﬁ’é"g%m%?tﬂ){ﬁﬁﬂert sﬁ@ WHIRr arCAMGRPL T i C

proj ections ext the annu surface; and the
annul ar uploser Slufak:e,md(lWotahﬂulB.MCmcmtl‘lgprd]MOﬁsjé)ttélﬁilng:mﬂiW&dB' fromplthe al i ty of

cylindri caI gﬁ sses, each cylindrical recess positioned between the two
annul ar W S5 288 wherein the flexible menbrane is confi gured to
be secured Lo thean@larkdthiRfhe'rh os1tﬂ)ne&_ B@ne ttﬁé ALR8le th&dbARS SRR hue €l @i m
1, wherein the annular retaini ring urt conpri ses an annul ar | ower

portion, amtamngkiag cuqnpﬂsmg) an lmrmn surfacel canftgnme:tl uognﬂcaméarentbéllywaarnunmthe upper
and | over ons 9,.2ss a|n14 wherein the
annul ar %@F oﬁgtsgl?sgﬁtec}p r‘ftﬁ’é‘ ‘%Fgﬁe §F ﬁ‘l‘rﬁ?{y %ﬁ@g‘ifg fUTYHASE 2 def i ned by

an annul arpdlisHm%'pQHGhn' &ﬁuﬁ%ﬁﬁer%ﬁﬁrﬂécé‘nd NREIBLRr cdien@ideddesih thehas a
hori zontal | ower "'surface, a vertical outer surface, and a non- hori zont al

upper sur f ammelar 2Bpd suifhee; retalnlng ring assenbly of claim4, wherein the
annul ar upper of the Lar retain ing is further defined by a
over - annular SUPHEGADE AR cofRInSRRIsE PR iy el Bhie ERaZFo by

annul ar - sufif @tfthb anis&onkdific Eela@ssemahe afidrattaiiid 8g€. 7. A retaining
ring, conprising: an annular ring having an inner surface configured to

circunferehtial The mmmlogu piglg assqm ofeclaim b whebin theteoneentrie inmenand@iterubst r at e,

a lover s usrlfiea wals (())tntLe exib Fe mém roaplg g\;e irved portions extending below the upper

annular surface of the retaining ring.
3. The retaining ring assembly of claim 1, wherein:

the annular lower surface of the flexible membrane further comprises a plurality
of circular holes, each circular hole positioned between the two annular concentric
projections extending downwardly from the annular lower surface; and

the annular upper surface of the retaining ring further comprises a plurality of
cylindrical recesses, each cylindrical recess positioned between the two annular
concentric recesses;

wherein the flexible membrane is configured to be secured to the retaining ring.
4. The retaining ring assembly of claim 1, wherein the annular retaining ring further
comprises an annular lower portion, an annular upper portion, and a bonding layer
between the upper and lower portions.
S. The retaining ring assembly of claim 4, wherein the annular upper portion of the
annular retaining ring is further defined by 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.

23



pol i shing pad, an annul ar upper surface, two annul ar concentric recesses in
the annul ar upper surface, and a plurality of cylindrical recesses, each
cylindrical recess positioned between the two annul ar concentric recesses.
8. The retaining ring of claim7, wherein the annular ring conprises an
annul ar lower portion with the |ower surface and an annul ar upper portion
w th the upper Burttatsng tihgassampbroffpbaimi 4 wharedn thevsanulpoupped poftion g theof

different materials, the u r portion joined t the | ower portion. 9. The
F et ai ni ng APHET BeiBIngTIPEAS MReF B5tiner iy LIRWER anulas Aracsand B yPRerenAular

proj ect i oy gxd Y tHeNbReParBlak SSPRAGE Riller 8RR dfbet RSnubRRGFfaROT tion.  10.
The retaining ring of claim9, wherein the projection extends along the

i nner surf.ace Afetaihmgratgacompysing:ng. 11. The retaining ring of claimS8,
wherein the annul ar er.partion of the annular, retaining.ring is further
o ned by a1 dkarnalih e PROhE pS s s SRR L e B Rl BBl e
the | ower ta8BadcAIf aSubtAEto Btait thelsubstatt, h NewdtRRMhceAdbntbafedIbiEbRE®Ra 12. The
retaining ring of claim?7, wherein the ower surface includes a plurality of

grooves expadishing gad.rapranniler hppee surdases avweannplap ponsgnisic reepsses de therpnulne

retaining ring of claim Jr ther. conpri sin R Q I rf.ace havimng an
annul ar | i‘B’.pe P a‘fﬁea%p tpzi'lirﬁglﬁgOfrC%%&bc][aTP{:elcgsls?ﬁgf%h ﬁé&%ﬁi?ﬁcﬁ% %OS? er eXﬁs]urface
i s recessegktRboMBe th®anildWoaentridrecdstes. The retaining ring of claim7,
wherein the inner surface includes a region that is tapered inwardly from

bottom to §op. The rewinipg fingef elrin devhereindhg ymulas singicampaisesoipnnBlanlgwer aj ni ng
ring, conprising:., concentric i i de S r an
annul ar chEBer g’ltgﬁlheapgr%p%‘%aggﬁ?‘?lg%a&ﬁg&%gkggﬁﬁlﬂlgwﬁ@ﬁezﬁg 5?#5“?#% the top

edge of t hgpenp&tiondsd lodk portndernvél dfsliff@sntanatetials, thougger puitioageinedtonect ed
to the side wall; and two annul ar concentric projections extending
downwar dl ythHQ)Yﬁftpﬁéloalnnul ar lower surface. 17. The flexi bl e nenbrane of

oL LT 18: 30T i ASRERFELCaf TSR Bk 5l b3 ol Lo O o
extending into a corresponding recess in the upper portion.
10.  The retaining ring of claim 9, wherein the projection extends along the inner
surface of the retaining ring.
11.  The retaining ring of claim 8, wherein the annular upper portion of the annular
retaining ring is further defined by a lower annular surface and an upper annular surface,
wherein the lower annular surface is wider than the upper annular surface.
12.  The retaining ring of claim 7, wherein the lower surface includes a plurality of
grooves extending from the inner surface to an outer surface.
13.  The retaining ring of claim 7, further comprising an outer surface having an
annular lip.
14.  The retaining ring of claim 13, wherein the outer surface is recessed above the
annular lip.

15.  The retaining ring of claim 7, wherein the inner surface includes a region that is

tapered inwardly from bottom to top.
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18. The fl exible nmenbrane of claim 16, wherein the annular concentric rins
and the annular concentric projections of the flexible nenbrane are thicker
than the inner and outer side walls. 19. The flexi ble nenbrane of claim 16,
wherein the annular | ower surface of the flexible nenbrane further
conprises a plurality of holes, each hole positioned between the two
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annular concentric rims extending horizontally from the top edge of the inner and
outer side walls;
an annular lower surface connected to the side wall; and
two annular concentric projections extending downwardly from the annular lower
surface.
17. The flexible membrane of claim 16, wherein the concentric inner and outer side
walls of the flexible membrane have curved portions extending below the annular lower
surface.
18. The flexible membrane of claim 16, wherein the annular concentric rims and the
annular concentric projections of the flexible membrane are thicker than the inner and
outer side walls.
19. The flexible membrane of claim 16, wherein the annular lower surface of the
flexible membrane further comprises a plurality of holes, each hole positioned between
the two annular concentric projections.
20. The flexible membrane of claim 16, wherein the flexible membrane is formed of

an elastic material.
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