Fl exi bl e Menbrane for Carrier Head BACKGROUND [00011 This invention relates
generally to chem cal nechanical polishing of substrates, and nore
particularly to a carrier head for use in chem cal nechanical polishing.
[00021 An integrated circuit is typically formed on a substrate by the
sequential deposition of conductive, sem conductive or insulative |ayers on

a silicon substrate. OFexfiphs Méhhbﬁaﬁé%r!@&ﬂ‘ié?ﬂé?HOSi ting a filler

| ayer over a non-planar surface, and planarizing the filler layer until the
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the substrate be nounted on a carrier or polishing head of a CWP appar at us.
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carrier head, provides a controllable load on the substrate to push it
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On one aspect, a retaining ring assenbly i s described. The retaining ring
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[0003] Chemical mechanical polishing (CMP) is one accepted method of
planarization. This planarization method typically requires that the substrate be mounted
on a carrier or polishing head of a CMP apparatus. The exposed surface of the substrate
is placed against a rotating polishing disk pad or belt pad. The polishing pad can be either
a standard pad or a fixed-abrasive pad. A standard pad has a durable roughened surface,
whereas a fixed-abrasive pad has abrasive particles held in a containment media. The
carrier head provides a controllable load on the substrate to push it against the polishing
pad. The carrier head has a retaining ring which holds the substrate in place during

polishing. A polishing liquid, such as a slurry, including at least one chemically-reactive

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

SUMMARY
[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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concentric inner and outer side walls, annular concentric rins extending
hori zontally from the top edge of the inner and outer side walls, an
annul ar | ower surface, and two annular concentric projections extending
downwardly fromthe annul ar | ower surface. The 1 annular retaining ring has
an inner surface configured to circunferentially surround the edge of a
subst r at enholar etaning ring hasibis irmat eurfage tanviiguraiiw fcircemreritiatisi rsegodml hent act a

pol i shing ,pad, an annul ar upper surface, and_two nul ar concentric recesses
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retaining ring may have an annular lower portion, an annular upper portion, and a
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] 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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[ 0006] In another aspect, a retaining ring is described. The retaining ring
I ncl udes an annular ring having 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, two annul ar concentric recesses in the annul ar upper surface, and
a plurality of cylindrical recesses, each cylindrical recess positioned
bet ween sun@cc sl a;mmnlu@rr uppm@micm with é‘@ewelssur[aﬁﬂoﬂe] uppep pelrtiontaatl loves of the
i nventi on |nc g nnre of .the follow ng. features. nnul ar
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lower surface.

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

surface adjacent and above the first region.



concentric rins and the annul ar concentric projections of the flexible
menbrane nmay be thicker than the inner and outer side walls. The annul ar

| ower surface of the flexible nenbrane further nmay include a plurality of
hol es, e.g., circular holes, each hole positioned between the two annul ar
concentric projections. The holes may be spaced at equal angular intervals
around the | ower surface. The flexible nenbrane is forned of an elastic
mat eri al , [081%] , si | InplementpGsOA theninzerdtonenayaisplade pnaocmore afithe i ng i s
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annular step in the outer surface, and the annul ar step. may have a second
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upper portion and the annular lower portion of the carrier ring may be are formed of
different 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
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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upper portion and the annular |lower portion of the carrier ring may be are
formed of different materials, for exanple, the upper portion may be forned
of a nmetal and the |ower portion nay be fornmed of a plastic, e.g., a

pol yam dim d. A bonding |ayer may connect the upper portion and the | ower
portion. The annular |ower portion may include an annular projection
extending into an annul ar recess in the uEper portion, and the annul ar

proj ect i dies gdgwencuelaee edndiggradie cpniaeira polishing gad. Thee audar sipperypatiedn es a
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vertical inner wall and a horizontal upper surface. The inner surface may
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step. Thegsl)l ! el MhfifeBiadiil or it bl mayRRAhaE A mbR dpglacent the
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cont act tmﬂ%ra@@%sﬂmah@m Faniasurp afong fudial TRBSFOR 0 B SRSV o
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surface along its inner diameter, and the annular lower portion may have an annular
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.

[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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outer diameter. The annul ar step nmay have a horizontal |ower surface. The

w dest portion of the annular step as neasured along a radial cross section
of the annular lower portion my be at the uppernost edge of the annul ar
step. The annul ar upper portion and the annular |ower portion may be nade
of different materials with a bonding layer between the two portions. The
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its inner wall. The annul ar recess™5 may all ow the annul ar portion to flex.
The annul portien. eﬂlmuhaawlnd) pottion imayrhazé a llq:lg@rradlaﬂdt itsgwectusuwitiathesnaif he

flexible ne nul ar fla nnected to the ter annul ar
porti on. pﬂ’ﬁﬁ%% 3%%%“% glxé\gthgg’r?ﬁ%%‘?t@]cp Cgh ErOUTRP LoD ?J’Ilf‘c“f on nay
have a hoinngRPflaps RAhédedtoake aagh ﬁ@'tlblﬁmﬁsf‘éhd’hm@ aavehmapisombﬁkxtm&ngl m may be
configured to be secured to a base assenbly. The upper annular flap may

have a nalfore ke mp@rpozamy, alhorlp@rtall rortiarrextending fremuhe vartical portionagnd 2 plural ity
of Conce%lck%lrr? Ql%ng e c])cl{téarp esdgg%}lthe%orlzontal portion, wherein the thick rim may be

secured to a base assembly. The horizontal portion may have a smaller thickness than the
vertical portion of at least one of the three outermost concentric annular flaps connected
to the main portion. 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. 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. The notch may reduce compressions in the main portion.
A first of the plurality of concentric annular flaps may include a laterally extending
section and a vertically extending section connecting the laterally extending section to the
main portion and a second of the plurality of concentric annular flaps may include a
laterally extending section and a diagonally extending section connecting the laterally
extending section to the main portion. The first of the plurality of concentric annular
flaps may be an outermost flap, and the second of the plurality of concentric annular flaps

may be an innermost flap.



connected to the main portion to divide a volune above the main portion into
a plurality of chanbers when the flexible nmenbrane is secured to a carrier
head. For exanple, the flexible nenbrane nay have four concentric annul ar
flaps connected to the main portion. The innernost concentric annular flap
connected to the main portion may have a horizontal portion extending

out war dl Yi00B6]t hi ck Inianbhkompetthe floxibRmafgandfs deb@ivearha 8 AmaindrtidPn, and
an annul ar, angl ed portion joined between the nain portion and the horizontal

portion. Withka Suracsrig PEQV ¢kt PybsHatga)OYRsipg surfaces geputemannylar gortions | unct ur e
with the |0 ' | | e\t i . rtion. The
three Out%ﬁﬁ@gg@%ﬁéﬁ?t&?ﬁé&g?%ﬁ%?d@? gltpt)l{éh’ca()nn naeé:lfl%@%{ (gﬂl[' é@rﬁ%?lﬁnrglgarrt I on may
each havdlaps vemnrtectedlto feraiapoeidnandivide a folametabevemhic 410 poition intd ahor i zont al

portion extendi fromthe verftical portion, and a thick rimalong the
outer edd®"d ltyto%ghﬁ‘B ?rﬁﬂﬂFalth‘bé‘?"ﬂ&Sﬂ}eW%F fequrgs tors qakrigrihgadrad fsel ofsecur ed

to a basenapredhy ¥t comg?tﬁg ra.h.%lﬂ‘rﬁt fidps RYThdeR IMH %Xfaen@ing Bl flanli)l ckness than

t he vertlcal portion at | east "'one of the three outé&rnost concentric
annul ar fvegpslly exteading dection cohrecting thedatetallyrexteniimgsectmtto alembini podtict er nost

concentric ,annul ar fl aps connected .to the in portion nmay have a ratio of
| engt h ofanﬁélrsfwzodﬁtoeflthep@?lfai%g’ho Eneentye Angyar FFQP@‘PJCS 68‘?t?1ig§ﬁ eREnEen about
LS and ZefionfindlafidordNf eRendilf sédioh Boféc iR UatANG ERIChEML AN {1 aPs
connected to the main portion may include a nhot c% at “the Juﬁcture et ween

t he horithomawl pqyen i on and the vertical portion. The notch may allow the
hori zont rtion.to, flex.vertically.. At | east one of the _concentric
annul ar fbgﬁﬁ may ilﬁml‘?i’&eé‘?alor’i‘éf’ ed{‘v%ﬂgn“]a_éfﬁ’&({qlﬂ‘#ee(_’%qrﬁn?rﬁé’_ffﬁi n portion.
The not CffoH@«)&in"gQ@éﬁﬁ&s.?‘PH@ﬁ%%6fﬂl@§ﬂdrﬂlit§hﬁcGi?dthrEQarnhhﬁf‘ﬂaps'Abafrl'He%h of the
plurality of concentric annular flaps may include a |aterally extending
secti on antermosteitap dalelsycandtaditleti plyradieef concadnaamtulardlapk ear be &r al | y

t endi tion to.t i tion. and f the plurality of
concent r BNt (s Serely oRiBibaecdlion e Badi s §nakes itk gt bbb Bicon” and
di agonal | ysrigos}19 eficAding ]ge@tioﬁrbf?&?%gpéqtﬁapruim@ 8f &RbhtYic aRxiISNGdpRY ASect i on to

the main portion. The first o plurality of concentric annular flaps

may be arrabuoElengibiof thedpterallydxtendingessedian toflengteofithavattically extemdingent ri ¢
o 10 oY o SRR o AR S R 2
and 2.0.
[0018] In another aspect, the invention is directed to a carrier head for chemical
mechanical polishing of a substrate having a front surface, a back surface and an edge.
The carrier head has a base assembly, an annular retaining ring positioned beneath the
base assembly, a first flexible membrane shaped to provide an annular chamber
positioned beneath the base assembly and above the annular retaining ring, a carrier ring
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
configured to contact a polishing pad, and an inner surface configured to
circumferentially surround the edge of a substrate to retain the substrate. The first
flexible membrane has two annular concentric projections extending downwardly from an
annular lower surface, wherein the annular concentric projections are sized to fit into the
annular concentric recesses of the annular retaining ring. The carrier ring has an annular

upper portion and an annular lower portion, wherein the lower portion has a recess along
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with a lower surface to provide a substrate-nounting surface, an outer
annul ar portion extending fromthe outer edge of the main portion, and a
plurality of concentric annular flaps connected to the main portion to
di vide a vol une above the main portion into a plurality of chanbers when
the flexible nenbrane is secured to a carrier head. A first of the

pl ur al i titsafuter divpedién i Theavevsidatexiblap@nibialeudes ntaih pogioalwith £endi Nng secti on
and a verttj cally extendi ng section connecting the laterally extending
section tYpffloFEP IS SEbshAte-mawniing subfacsandsn quiss appylanpetiop extendgcent ri ¢
annul ar f d i ' irfld y

ext endi ngﬂ(g)gg% id(}ﬁért:é ggﬁgf;‘ﬁe%ﬁ{i ggh?ég’?‘é%%%yﬁg%tgﬁg#%&g gggfn%}]r%(%gg@%g mai n
porti on 1BOA4MEr dmyplae periioatdoorpsises a pdripheral edgei imgenanyd anramhuldereoess aboveror e of

the follpwing features. The first of the plurali of, concentric annul ar
f1 aps caﬁg?) ngﬁak’B&tt ‘?’rﬁ%r_tw"’ﬁ] %“;)t?‘e PHEr %’é’é‘gqﬁd’oﬁfont e;ﬂeUP]é‘frP]t"gfig_Bhlr{SS%é%nt ric
annul ar frbmciqmrlaﬁdeﬂterglgﬁ%mtis%g%uégﬁﬁ% ﬂe%ﬁfgﬁihh&’ extendi ng section can

have a smal |l er thickness than the ve y ext I ng section of the first
of the plladHYi ty oflmplemeemations ofitheuhemntibh apy.indude atd @ mdreloftigt h of t he

| at eral | tendi ng section to | ength. of t.h i cal l t endi ti
of the f1pOewER teiires; bhe v boed dtidurbr B hatiing dpstoe b etueveen
about 1.5 ,3fe $ndh, vﬂlﬁpeh? the Hhsﬁﬁ'é%&ﬁlﬁ{y rﬁ%ﬁﬁ&%qnn@&@d tdthe '%hﬁiri'% %ﬁrti@hr Fhe ed to a

carrier head for chemca mechani cal” pol 1 shing of a subst e having a
f ront surdasee ring niayche configursd taapplnn dowyward frhssurcatora mlishinggpathadha base

assenbly,,an annular retaining rin ositioped beneath the bage assenbly, a
Frret 1] dorBrERhaEh i g S a SRS EiRGT QAnCREDE o ¢ oned
beneat h tligsshRPpBESE e Yet@itthAe eTR QrddiHilgahay B¢ frMkd Of & hidge rigidcar ri er
ring circunferentially surrounding the retaining ring and configured to

cont act ampetislghdmige rgaidingaing. alhsaaroowss i iziabmdamiomisr pertion wh thegiarrierhe vol une

bet ween t he bas senblv.and . t he second flexible nenbra forms_si X

o essur | ZHABRLRe AERL VS i BEr PSaR T Arngist Rvfes PRAGdnc. iing

concent r igng etRITaRFer lhBadiiﬂaﬁlﬂﬁlw zﬁéoa‘ﬁﬁ@@6m§ﬁ§5d&ﬁ@lun@inhﬁv\ﬂrhe%b\écfrﬂff&xilﬁ@nf i gured
to contact a polishing pad, and an inner surface configured to

ci r cunf ermembran¢ may hayouphiralite obarpulasilaps, syhisse atdeast pee olethe prnultrdlapsibst r at e.

T Ty P o TP AR A SR B e SORSERVAr Sod Pl o
at least one of the chambers through the at least one of the annular flaps to the main
portion of the membrane so as to reduce compressions in the main portion. The second
flexible membrane may have a plurality of annular flaps, where at least one of the annular
flaps may include a notch adapted to allow the at least one of the annular flaps to flex
when the pressure is unequal in adjacent pressurizeable chambers.
[0020] In another aspect, a carrier head for chemical mechanical polishing of a
substrate on a polishing pad is described. The carrier head has a base, an annular
retaining ring and a carrier ring. The retaining ring has an inner surface configured to
circumferentially surround the edge of a substrate to retain the substrate, an outer surface,
and a lower surface to contact a polishing pad. The carrier ring has an inner surface
circumferentially surrounding the retaining ring, an outer surface, and a lower surface to
contact a polishing pad. The lower surface of the retaining ring has a plurality of grooves
extending from the inner surface of the retaining ring to the outer surface of the retaining
ring, the lower surface of the carrier ring has a plurality of grooves extending from the

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



annul ar | ower surface, wherein the annular concentric projections are sized
to fit into the annular concentric recesses of the annular retaining ring.
The carrier ring has an annul ar upper portion and an annul ar | ower portion,
wherein the | ower portion has a recess along 7 its outer dianeter. The
second fl exi ble nmenbrane has a main portion with a | ower surface to provide
a subst r agreevaslin tlieﬂgweumfrme ofithd cartied ting larcowidldl thian s plonaliexégrdoveg in f rom t he
out er edgg\ﬁ&f t he ortion, wherein a juncture between the main portion

and the BEIXVCrSH ea‘? the,FaiaiBME dB8pr i ses a peripheral edge hinge and an
annul ar r pesp abovﬁnplfﬂ@rg%é&%f@ﬁ@iﬂgeﬁtf&ﬂn?zﬁ't BEludEbhe G mbRGrai er annul ar
portion. The periphera hi nge has I nner and outer surfaces and
i s confi giolledingfentarasortibk |camlter hdz@l(m&ztmbkuﬂb atmbﬂtmtei bmkmgfmetmmrlha\mghl on may

i ncl ude on or nor e, of tE? oaﬁg ﬁ lg}res The carri_er Ed may further
i ncl ude aSURSYRLF MPUBLRE SWHRCE é‘lg mdhe pybsiatgmauntiag sprface idhei n t he base
assenbly gRpyirite L1880 B6heHe Tré%aﬁﬁh% riHUsH e QI?sthng&d aB'H% lo&{ifrBfnecheé Edrggr nmay be

configured to apply a downward pressure Po a polishing pad ownwar d
pressur e appbn te polishihg paedmay de independeaily bdjugnielat &he sitstrateltackiognwar d
pressure a ied b er nin r|ng e rin y be forned of a
oro r1 gi omberY Mot e EAHEaBs PRGOS Pt A8 ver s il ar

| ower por a8 chttiet Ay @Y b @bouttivitd A8BAdDR thé plueARY oPéronE'semélﬁe fRRrgrooves in
the annular lower portion of the retaining ring.” The carrier head may have
a coat i ngsw@apef @edet@mu@nmg dbeplurdgy o€ gmoedes indk¢ lovesr surdadsrod the qamyerhave a
pl urali ty of ang a) wher east. o ar fIa may
Phel ude. iPBRER 0 aGPeoRER e RSB AT grieaa: rohf it b rramE
transmttg from at | east one of the chanbers through the at |east one of
the annular flaps to the main portion of the nembrane so as to reduce
conpr essi (982§ n theThQadfﬁalbd?ftQHQ@r mmesemb@d;mdntsmfmmvmmmméortm;a have a
plurali ty of annul ar_ f ane & annyl flLaps may
Phel ude. atnRaeann et Phes RGNS RleripfOF balbh® MhersPReR ohifn 4h P aps 3o
flex V\heﬁuvtahﬁﬁ&rcﬁ&ﬁ@rrﬁem%ruwﬁmtadppmnaﬂbmﬁ@aes@ﬁpmndzm\bhgs Caa TR S -
100201 I n anot aspect, a carrier head for chem cal nechani cal pol i shi ng
of a subtheckims.on a polishi ng 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
DESCRIPTION OF DRAWINGS

[0023] FIG. 1 shows a schematic cross-sectional view of a carrier head according

to the present invention.

[0024] FIG. 2A is a top view of one implementation of a retaining ring.

[0025] FIG. 2B is a bottom view of one implementation of a retaining ring.

[0026] FIG. 2C is a cross-sectional view of one implementation of a retaining
ring.

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

[0028] FIG. 3A is a top view of one implementation of a flexible membrane.
[0029] FIG. 3B is a cross-sectional view of one implementation of a flexible
membrane.

[0030] FIG. 4A is a top view of one implementation of a carrier ring.

[0031] FIG. 4B is a bottom view of one implementation of a carrier ring.

[0032] FIG. 4C is a cross-sectional view of one implementation of a carrier ring.
[0033] FIGS. 4D and 4F are a cross-sectional views of other implementations of a
carrier ring.



circunferentially surround the edge of a substrate to retain the substrate,
an outer surface, and a |ower surface to contact a polishing pad. The
carrier ring has an inner surface circunferentially surrounding the
retaining ring, an outer surface, and a | ower surface to contact a
polishing pad. The | ower surface of the retaining ring has a plurality of

grooves [0634ndi ng FIGSMENMG and8H 28¢ls tsesctiohdl idved &l iliphGndntdidnt 6f 4 he out er
surface of .the retaining ring, the |ower surface of the carrier ring has a

pl ur al i t PERTYSFREIRF&d8ext endi ng fromthe inner surface of the carrier ring
to the oypss)surf aGaGRlis bAGERELELecibhElvidPlr  RExiBlethahblae Of 8 orooves in
S ) er than the plu

the | ower surface the carrier ring are w rality of
grooves i[803@he | oG 6isrd arwnotietvtd arcatrirheady ri ng. [ 0021] | npl ement ati ons

of the i i on y. i nclude on r. nore of the following features. The
carrier Hé&% may {Tﬁdl“h CTENGS HygY gt‘@ thevagions) draurines ingisqte hie glementsst r at e
nmounti ng surface, and a |oad fromthe substrate nounting surface on the
substrate, a load fromthe retaining ring on the polishing pad and a | oad
fromthe carrier ring on theDEJIAilkgpdbEgé@PrHQNbe i ndependent | y adj ust abl e.

The subsgb&%sg baCki@eniﬂg%ffG@Xs#%frl #dg) a’ll}cblgfp)%:li?l%;]egl t}rr}g%znr}gﬁome plurality

of grooves t he I'ower ace’ 0 € Cca ut twice as

wi de as triechphivalglolishing (CHIPY apgaatus thahBas| a0ierier hebid | @@ €A @bscriplion 6f @i ni ng
ring. The plurality of grooves in the |ower_ surface of the carrier ring may
be al i gndeMRiapparatys may befpund indd. SgP¥ertdNo. S 38d 4} basntizs digciesarensf whigh
retai ni ngg i J.} . Ils of one or nore enbodi nents of the

i nventi o%s g{cg{bgreatté%%f&h b&ﬁgfe?%tgéacconpanyi ng draw ngs and the description

bel ow. ([0639]f eat urke,cafriyr deids ] 0siRcludesy RousgeD204 bafkasssmbtntofn wi I | be
appar ent f,rggﬂtlhﬁ description and draw ngs, and from the_ clains.

DESCRI PTISER N@@ﬁ@’@?@]m‘ﬁl & C@S@ﬁmaﬁ o§ éh?etf?ﬁ? pembhs et i onal view

o 2o il R0 e B ST i (0150, o,

bot t om viflewibdé membrine)306 skayiedtto provide am anatiat changbet 36@).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.
[0040] The housing 102 can generally be circular in shape and can be connected
to a drive shaft to rotate therewith during polishing. There may be passages (not
illustrated) extending through the housing 102 for pneumatic 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
flexible membrane 500 with a lower surface 512 that can provide a mounting surface for
a substrate 10.
[0041] Referring to FIGS. 2A-3B, a substrate 10 can be held by a retaining ring
assembly clamped to a base assembly 104. The retaining ring assembly can be

constructed from a retaining ring 200 and a flexible membrane 300 shaped to provide an
10



[0026] FIG 2C is a cross-sectional view of one inplenentation of a
retaining ring. [0027] FIG 2D is a cross-sectional view of another

i npl ementation of a retaining ring. [0028] FIG 3Ais a top view of one

i npl ementation of a flexible nenbrane. [0029] FIG 3B is a cross-sectional
view of one inplenentation of a flexible nenbrane. [0030] FIG4A is a top

Vi ew o; oamdlam::he]mibélt}mi (Il’he(:t]fc:tamn\igalﬁllig' 200 ¢an't@. positid8ed berfehth tHBflesibR bot t om
vi ew of one inplenentatio a carrier rin 032] FIG_4Cis a
cr oss- secPiegpsne 308,40 P%ﬁ@fFW Rerasrergd F‘b‘rlileglle &lwﬁmb@ner 308g. [0033] FIGS.

4D and 4F(q49) @ Cross<h carrier
ring. 9 [5034 Fl e EE%EP gﬁ%ﬂ 2)‘H§@artgggeté§%“§ m§e@9¥)?‘g§§+ ﬁ%‘.‘*ﬁ%‘?@‘% 231
i mpl enent atd olwvepudaceld3i2t dihy ineer suréace23hgan bOERMIgukdda cirsuiafgaitiallgl

cross-sectional, vie exi bl e nepbr ane. 36] FI 6 is a bott om vi ew
of a carr SEFOYRdAke g@d’i?]s“{’_?q@éﬁ RL?%‘P@HI:@C §9‘?196"6{‘3st rwgtpﬁa%ag i Sislogienwi ngs

Cubstrat e TOCR T b e E e gt SRal R ERphe B )

appar at us Theattaihing rang2)0rtiae an hemdarh@Per shrfies that @ani leve ofo annCRoappiriat us may
be found in U S nt No. 5,738,574, the entire di closueof which 1is
i ncorporafeéassffi%?gD a—hﬁ‘ﬁe PRUlaTREeTtT GRS SRR seSTHLS qan besize ﬁ%gﬁeri% Vi3 udes a

housing 12 bﬁzrﬁé}ﬁﬁ‘r A8 360"Rbsitidiid abv ﬁbrﬂaﬁh ahagosm 106 (which may be
consi dered )f)lart of ahe g(gge ésserarlb ye 104), lIiEPTI oadi ng chanber 108, a

ret ai ni ng[0048h asseithe yetalnuﬂgumgrﬂj)Oa:an bt aomﬂtmgted ifrogn Mrlagﬂ;iadxoyf/érrasm_llalf | exi bl e
and & subdvrignd aed pfyPaS aRrCRoron o cHia oetpredon 2aLehee fpsd B
][rg gt)lrjfgg gg@:trﬁle aggcrhglggvrléhﬁaalg REH fih CMP BlocBsEaRHRb & plishic, Ggnbers. O her
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.
[0044] The upper portion 235 of the retaining ring 200 can be formed of a
material that is more rigid than the lower portion 234. The rigid material can be a metal,
e.g., stainless steel, molybdenum, or aluminum, or a ceramic, e.g., alumina, or other
exemplary materials.
[0045] When the two rings 234, 235 of the retaining ring are joined, the upper
surface of the lower portion 234 is positioned adjacent to the lower surface of the upper
portion 235. The two rings generally have substantially the same dimensions at the inner
and outer diameters on their adjacent surfaces such that the two rings 234, 235 form a
flush surface where the two rings 234, 235 meet when they are joined.
[0046] The two annular portions can be attached with a bonding layer 236
between their adjacent surfaces. The bonding layer 236 between the two rings can

prevent trapping of slurry in the retaining ring. The bonding layer can be made of an
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described for a simlar carrier head may be found in U S. Patent Application
Publ i cation No. 2006/0154580, the entire disclosure of which is

i ncorporated herein by reference. [0040] The housing 102 can generally be
circular in shape and can be connected to a drive shaft to rotate therewith

during polishing. There may be passages (not illustrated) extending through
t he houswal@wl%mhtenabsm]mtal stowentingbr mfast-h&nfgae"pbk?rHiLﬂﬂdmpéﬁﬁlre dhsxybase
assenbly 104 is a vertically novabl e assenbly | ocated beneath the hou5| ng

102. The r@%%éﬁgrﬁ%wgrﬂféhﬁ H‘U@I’tﬁelﬁ)ﬁrt2§6tdﬁé t,high hﬁ@é@ﬁﬁgthmlsb@g@ir%éﬁ

relative f the base
assenbl y 1}1182&{12 HEP %\%%In 'Ehgl 0’% %éhé’%dﬁﬂ%@dﬁ%?&y‘&ﬁn&% hhﬁ?‘{]élﬁr%eg 108 is

I ocat ed g@ﬂﬁ]en theThealm)lenglrfaﬁQoﬁtgld upher %ﬂ@lﬁ%&ﬂﬂbdlﬁ%ﬁl&mﬂgcﬂpﬁiﬁse& | oad, I
.e., a do ssure or to the, base asse 4. The vertica

posi 11 on SHoReTs 346 SEL shipips Lo shavalioyeeiv Belgrtrn sty lgétf FEEW: 9B

control | QQh&)haPcﬁ@aré %ﬂéd@grlﬁg‘ﬁm%m%ﬁng-rm t%‘if?éﬂé)ﬂ?fac MaRKiahg ﬁ?semﬂ y 110

i ncludes a flexibl'e menbrane | ower surface 512 t at can provide
a rmount i pswnédatvedt. The loldsstiZaae be evenlDephtdd &ehed thergtaimngtitSandae 3B, a
Substrate_ 1 '

b aretaln rin enbly clanped to a base
assenbl y %ﬁlon Beq?’vg'frh{ Wéap?‘l"}ﬁr?félg {FCE%ﬁsggf constructed from a
retaini ngoo4s)9 200 AREma lﬁlb%elata%oﬂmm@&%lﬁgﬁng hapass & RHYk IR
annul ar chanber 350. The retaining ring 200 can be positioned ben ath the

fl exi bl e transpast dmn@@@%fmmwdnm thydpwer susfape23% clieedurry tramspoftichanrslse merbr ane

300. [004 th 200, Jy
surf aE:e ﬁ% ﬁiﬁ g‘el 189\% ?t?r t(‘?égez%‘ger (ﬁﬁ@eﬁeﬁﬂﬂt&lngq}%rg%g% g@ﬁa@%"l’lgg °
confi gur eﬁhﬁptocpars@ﬂaﬁﬁh@eitbﬁbﬂmthémerrw adthtefi@tam%emqg d@irfpURishing e ThE to

retain the substrate during polishin The | ower ~surface 232 of the
r et ai ni ngslunygasport channsls 222ag ibe everlyspased aroundithelretainies fingi Bephshity The

Concent r i sy Su8ne o3 3R WERRDe B AFlalR (EBRBUSu R 0e & 2

to i nte”tﬁﬁiﬁgh“tﬁefblﬁnnéﬂ FKé BhanbR TaA bive SH{UPOSAHIuP0d5 akbye the retaining
ring 200 L 43] The retaining ring 200 can be constructed fromtwo rings, a

| ower annl@4 por tlnéﬁmzsmpmnmoammremw sng B89 hppenexganorgitropgier
portion 23RN eQ?end%r'gﬁgh 81 b%dy 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.

[0050] In some implementations, the upper portion 235 of the retaining ring can
have a lip 237 along its outer surface 238. The lip can have a horizontal lower surface, a
vertical outer surface, and a sloping, non-horizontal upper surface. The lip 237 can
provide a hard stop for the retaining ring against the top inner edge of the carrier ring 400
as the retaining ring wears during substrate polishing.

[0051] In some implementations, the outer surface 238 of the upper portion 235
can form a recess 246 above the lip 237 (the portion of the outer surface above the lip is
recessed relative to the portion of the outer surface below the lip). This recess 246
provides space for the side walls 324 of the flexible membrane 300 to roll when the
chamber 350 is evacuated.

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

wider at its lower surface than its upper surface. For example, the inner surface 231 can
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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
retaining ring does not cause the substrate to chip or crack. On the other

hand, the hhwmtapmdtrd:gmn S#@slbﬁed’lmtvahﬂy fi. Hadigideclehdhg RWRYEGS fomRbS&RSUr € on
t he retaini ng@ ﬂ)gﬁ_q(l:]auses the |l.ower portion to extrude into the substrate

recei vi ng PPB ¥ertigldegign 2670 kho fapengd regiom? 4 eap hej adgaceatrthﬁ loveeran i nner
di ameter jsiice df@ﬁ ng@ﬂﬁofl h8s SYRSTndt &rﬂk@%@ﬁow& }e2 mm | arger

than the substrat So as to acconmodate p |on| ng toI erances of
t he subst vettigall. (faihcn@wwwamn Offtike retathiag lnmggvelarsr‘cglrmgrsubamee polishitigadhewi dt h of

about half an inch. 4] . The per. portion 235 of the retaining ring 200
can be folAEGVEFUPRCT 'eﬁ”;‘féFe P%’g‘g rqtglnfﬂgrrglgrprg‘fqglts[wgqq onye adingent flegitle on 234.

The ri gi d EAiRidethalGROviaEs AsdBRirdt-movitidl suﬁﬁc‘%' rllnedﬁaltﬁ)heﬁll song0! ybdenum or

alumi num or a ceramc, e.g., alumna, or other ‘exenplary materials. [0045]
When t he umplementgsomssme Bt ofter fuefareofihe] retgininignrthgarae be @bated withhenampper
surface of .the hower portlon 234 is positioned adjacent to the |ower surface
of the upplSk CBUPECH PEECG e two rings general |y have substantially the

sane di meqgo;Ns at  fNgorhdiE Aﬁlem@i'ﬁ@u&}ét SHovli 1ﬁrﬁ@}eﬂ§ %%'sﬁrf@éy(ﬁg tt surfaces

such that the two rings 23 235 forma flush sur where t WO rings
234, 235 hskar peitem 23I4é5ﬁsalpeojjﬂ¢ilqlﬁeﬂ4 t{wa@mpdm wm'respnndlag rquesstindies can be
The

att ached th a er 2 ween t.hei.r cent surf aces.
bondi ng IXA E%%eb tt R%rt 3?1 b%pf%‘?‘? i0p 24§ 8?4{ ¢ AT RS of slurry in
the retai gkieadihg Bfund ﬂfé Rndhg din, %ﬁrcaﬁ 88 pbgLisRAS e iAfer st @&ATRRI Ve

material, such as a slowcuring or a fast-curing epoxy. H gh tenperature
epoxy reﬁt@nmgdegrta@mmwa sieplike fm:rdl iﬁge bayhmg p3& lﬁﬁecan@xtmglaldngahe during

the polishi n_cer tat he epox udes

pol yan de U vEHPARET o thhpfeBiBh duh T GRERSL LR tn eabe B Yaber
portion 2%§c€antHenewetsortivh Difrbmahe pEERRHaSd iffo aheieeﬁ férké omﬁéﬂvewaﬁw
sheat hs (not shown) to receive fasteners, such as bolts, screws, or other

har dwar e, Wallr239é the prgiectien 244 andrd epmpressyefowe 06 thtassodiated pbdionmfiheane 300
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.

[0054] 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
occurs when the ring is directly secured to the carrier head. The elimination of this carrier
distortion reduces the uneven wear on the retaining ring, reduces process variability at the
substrate edge, and enables lower polishing pressures to be used, increasing ring lifetime.
[0055] As shown in FIG.S 3A-3B, the flexible membrane 300 has concentric inner

and outer side walls 324, The flexible membrane 300 can have a pair of annular rims 322
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posi ti oned above it. The holes 212 can be evenly spaced around the retaining
ring and are positioned between the two annul ar concentric recesses 233.
[0048] In sone inplenentations, the retaining ring 200 has one or nore
slurry transport channels 222 fornmed in the | ower surface 232. The slurry
transport channels extend fromthe inner dianmeter to the outer dianmeter of
t he | ower e){lmdilhg)lmr%ﬁtaﬂlgrandlnh\owdlygiom lther toy etige gfaks side avalls B24.eXheflexiblet 0 t he
interior of the ret % r|n durlng ol 1shing. The . slurry transport

B 48, h

channel s BSOS CB% v 104 with aiclamp rige pesitionedhelove ther r y
transport o Gheh Pfhs ﬁ%%ﬁﬂé‘ﬂ@ﬁbféflﬁéﬁﬁraﬁ‘é @&Hlﬁ%&ﬂl}l& thE fRxiblé éem‘oxein@gbﬁﬁ ad 0 the

radi us passing through the channel. The c S can have a w of about
0.125 |nchk3’ver[5til(§a¢9] ”ﬂhnresclmé)eltwplaemdmttmcﬂnﬂc ptoh'mtiloast RNGmextendingng 200 has one

or nore throu t hat . extend t of t retaining ring
romt he. FBFaIdbRR dhe FEuaR LoV guifre i dhe IERbR R et Fafsr ot o g. | Cai 1
or water, cdiReRfie %rc]{]ELQTGnE 26 bat B difd th it §16 thetblak @6nceRric ré&ﬁkets@@Z% gxterior
to the interior, the retaining ring during polishing. The through-hol es

can extenﬂWﬂMImu@hebﬁﬁwupmenngmmgZQMWgaﬁnwdhdonhhoﬂghmhnhembman be evenly

ort on 20US8E " {he 7o IFPRgeThant 00 SHias B SR snE s ROk g e rbmED
surface 238, mIieﬁai thp lgarash@\éﬁoandgqhe ARiHRdne!to Wek uﬁ&@rfﬁ&@mea Th¥@lasfi¢al outer
surface, and a slop |rﬁg non- hori zontal upper surface. lip 237 can

provi de amhateridl eanapcliide sitipenerastl aiher nxemplagy mfatialst the top i nner edge of the

carrier 00 e ret |n| wears durin st.raf

100517 1 nl®BEAE T ot b At S o e AP SR e B3 RGNS BB TR (o
235 can fTR¢ firculdrdoesS1248n B gyﬁuéﬁw HetvreeR 3ife fdhnRDE Chidentc projRcitiser
surface above the lip is recessed relative to the portion of the outer

surface bé%wdtq@eUelepynlymcgdlamééhezlwer priage gethedlsaile mgmbrans. dhde wal | s

324 of the fI ne 30 e 3 vacuat ed.
2o05] | nesli Hofs 1 TEAP R ARG Aol HOPTL 8IR s BORIBF bR ByriEy C 1 ©

can be Mcﬂ@éc@h%ltméﬂé@mrm@mﬁﬁ@@odtbame tetfinidppRE 290! ir@g@ne For exanpl e, the
I nner surface 231 can 12 have_a tapered region 240 sloped inwardly (i.

havi ng detnplemrrigtiensatpeseenrs the Bexible gnamprane 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.

[0058] In some implementations, the concentric inner and outer side walls 324 of
the flexible membrane 300 can wrap around below to form a lower surface with curved
portions 328. When the flexible membrane is secured to a retaining ring 200, the curved
portions 328 can extend below the upper surface of the retaining ring. The curved
portions 328 provide a rolling hinge that permits the bottom of the flexible membrane to
move up and down in response to pressurization or evacuation of the chamber 350
without substantial bulging of the side walls 324 . In some embodiments, the annular
rims 322 can be thicker than the side walls 324 of the flexible membrane. The annular
concentric projections 326 can also be thicker than the side walls 324.

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

ring 400 contacts and provides lateral referencing of the retaining ring 200. The carrier
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bott om bel ow a vertical region 242. The tapered region 240 can be adjacent
the lower surface of the upper portion 235. The inner surface of the | ower
portion 234 can be wvertical. As the |ower portion of the retaining ring
wears during substrate polishing, the narrower upper inner surface of the
retaining ring prevents wear on an adjacent flexible nenbrane that provides
a subst r afirgg 409Lis comigiaed foadi R umiferemtidiytsufround nre3ainidg ringdodndiketheons, t he
entire outer ,surface of the retaining ring can be coated with a non- stick
coat i ng, '8taiing Hag.the lawver suriaes)43p of dhsarisrsingi98can be Reoughhigitheaniack| G 2D,

t he upperygifh éﬁﬁm‘i’% e lower portion 234 has a projection 244 that
extends into corr %ponding recess in the |ower surface of the upper

porti on 2[@860]The prAs datvwiom E1G44 A€, e canarirang,400.cgn havecatt amdlangpperound t he

retaining rin and can be positioned at the inner surface of the retaining
ring to p?%?%@%“&%b@W%éPQ%%tPBF‘QH eTE\eHHPWOF%%%Iz@@ tegosiigpehd al ong

the outegenyfhhitasd addethblyaf04taRg cRE ARRGHLRIRd3bionk 'ﬁldﬁggfi@#rﬁlgf‘andtcmté step

feature transfers shear “force on the | ower "portion romthe polishing
pad i nt o diametesroflitsfupperssucface h¥t. vEhe innat diamater oP®© sedtianhd the lopwec portion244 and

a conpressj force on the associ.ated. rtion of the ondi n 236. Th
aper o rLg B Dapeisahs ToufE dheqOne arhrest el e ol CHBRET ShIS3E adi acent
the proj e&&é&ae@g&ﬁo%hﬁef}@tampgeﬁﬁg ifﬁn@}r&ﬂinﬂfk&i@@ o RhaFAntind wfdag | ower

portion 234, e.g., the inner surface of the projection 244 could be
t aper ed. the®8w]inmndianatter ofithgycariienyi0@ilbcabmuf aretach lazgerahdr thasulddotet oget her

formthe .retaining.ring.asse . The flexibl nby.ane .300 i s, configured
to be cla 8’@’%‘@8’\?& npey _alﬁqgrgz’oflfégg ehes Ora"hg()dglglgh{lgdn SBOSURL- an annul ar
retaini ngoosng 200, TIRY RWed poiioa 332 3ANHAVAIa e EATRLT 2320 i3 BANE dfabRtdralial ni ng
ring. When the annul ar chanber 350 is pressurized, the flexible nmenbrane

provi des Hie tepesegéhdambe geflingd by @l vextidabsurbegd 462 exthrding &oni thebgttemng. The | oad

on the retajni rin rovi des oad to i shin ad. nd dent

oad g oFiRe A7 e R R 243 e BnBitd S RaBBRr 4 O ANTRENGER o « ne
ring wearsurfabos344 éctinettéhg the vetiel satfacd RITho AREChBEANRE BurfRte 448! Thoiwidest | ng and
the carrier head can reduce or elimnate the inpact of carrier distortion

on the r epai ¢fithgsleping particsh as weayras alprgn radial eiosgsdctonicandelaythsecured to the
cart e MU yFL TR 8, S aefiah P R e umven

portion along the edge of the outer diameter 440 and the horizontal surface 443.

[0062] 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.

[0063] In some implementations, as shown in FIG. 4C, the carrier ring has an

inwardly protruding step in the lower portion 432 along the inner surface 430. In other

implementations, as shown in FIG. 4E, the carrier ring has an inner surface 430 which is

not perpendicular, as represented by the dashed line in FIG. 4E, to the lower surface 433

of the carrier ring (although FIG. 4E and illustrates a single-piece ring, the sloped inner

surface could be applicable to a two-part ring as shown in FIGS. 4C and 4D). The inner

surface 430 can incline outwardly from top to bottom, with the region of the inner surface

430 adjacent the lower surface 433 being inclined. The smaller inner diameter adjacent

the lower surface 433 (whether due to the bump or inclined surface) relative to higher
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substrate edge, and enabl es | ower polishing pressures to be used, increasing
ring lifetime. [0055] As shown in FIGS 3A-3B, the flexible nenbrane 300 has
concentric inner and outer side walls 324, The flexi ble nenbrane 300 can

have a pair of annular rinms 322 13 extending horizontally and inwardly from
the top edge of the side walls 324. The flexible nenbrane can be clanped to
a base aswgiisyf @4nndrtshriacecdlbws the cegrigrasig todaerhlly eéfevent & ¢he renaitingring i s 322

of the flexible nenbrane. Additionally, .the. flexiple menbrane. 300 has a
| ower sur?@d@pg?wgﬁ%sg%rncoﬁéqe%y ’é‘ﬁﬁﬁ‘%?tl%‘b‘ﬁfccé’ﬁfaﬂ ctheen BerFiginingme Ak endi ng
downwar dl thefca@ier g, b e daﬁ’{@rrizx%qﬁé(a?sc&rﬁﬂcg_ ﬁolﬁghiil%%]fﬂ?lsﬁbﬁﬁ@rlﬂne- These

|

annul ar concentric projections 326 can be size into the annul ar
concent r i addiders plasememdfithe featuee atdhe bottonaotthefcatrive ring tan piementrtomqgin2 @M

positioneﬁwbqkpw/th fhex{blg menbr ane, ?OBGL The .fl exi bl e menbrane 300 of
the retai NING PIHY H68 %Wrgﬁwlrfﬁerl’?%‘f%é%“ FCUTABERE ) SOfMfat is el astic,
al | owi ng inislemMBRINRREthe QoWeSrfdBSIET3 BIRS RWed portidd 48baat h Small&lighdral can

i nclude silicone and ot her exenplary materials. [0057] The | ower surface of

t he fl exi Blametes thandheupnen sunfadeddd of theawpipar pdrtib®43B12. The circul ar hol es

312 can b ition et.yween the t annul ar concent r.i ojeqtipns 326
and can b@oggﬁnl y sgg%ga lgrrrg%%ant ea\{\ﬁaf)l\]l\?ggo §La?|a?ea a8 ytqug' ﬁeé‘griaﬁy’ég‘?renbr ane.
The cir cedreiér il ©Soslguiredd AGANIR ARhiRinpaslgeI00and ndHf codfacPMeledge §C4 WS, OF
ot her hardware, for securing the flexibl e menbrane 300 to the retaining

ri ng 200. sybstraiedf. ThpuppssMoRIangt?d ofitke erstienting 409 dahdndludeccytivdticddne 300 to

th taipi ' 0 ! | , . Gl tit ' | ' h
recesses BrRtelimtla o A POSRIE (i BoralfibiofmReRe ReF etk o e
flexibl e seeby, anothdPRardae, fdige\RERIthE Q@riEGgSaS0Alase askBuBly toae Theexi bl e

menbrane 300 can be effectively permanently joined to the retaining ring
200. [ 005R9les N semebeiavpnly serted areind the ¢rerierginge dnspmeiimplementsioputhe si de

wal | s 324?&Es 41tf'(ﬁ11flét%§{e?1§ %Vpo B&rﬁon%g guﬁ%‘% e4\r’.¥§ fbﬁ g?e;r%%}g 47 ?.l P &Qm o, ma

f
| ower surface w curve rtions ["éxi bl e nenbrane’is

secur ed t as showatiaFIG.AF, thert@le2@an be heardrentdly stovt itlenatI@Bercarfagxd33nd bel ow
the upper surface of the retaining. ring. The curved portions 328 provide a
rol 1ing hi‘Agikionalls oneermers aligamept feafuress sSuch @s APestires F PRYIREIONE £nato

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.

[0065] 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
embodiments, the carrier ring channels 422 are wider than the retaining ring channels
222, allowing slurry to pass more freely to the interior of the retaining ring 200. For
example, the carrier ring channels 422 can have a width of about 0.25 inches.

[0066] In some implementations, the carrier ring 400 has one or more through
holes that extend from the inner diameter to the outer diameter for allowing slurry or air

to pass from the interior to the exterior, or from the exterior to the interior, of the carrier
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nove up and down in response to pressurization or evacuation of the chanber
350 without substantial bulging of the side walls 324. In sone enbodi nents,
the annular rins 322 can be thicker than the side walls 324 of the flexible
menbrane. The annul ar concentric projections 326 can al so be thicker than
the side walls 324. [0059] While the retaining ring 200 is configured to
retain a saghdirmgtplishingndhe prowghdeolecctan\estend gleropglothesppergpurtiod 43t Hehecar ri er

ring 400 provjdes posjtioning or, ref hencin .of ihe carrier head to the
surface otIBmt“ﬁ B%IS F%’ht’%@veﬁ qSPafed %’83’?‘?{ Sﬁ?mteﬂém%a 1 $ome MRlemeniPiSont act s
and provies akeathesih Hokfseh @cdafer@fngtue nbtah FdYeBning Fidg 2 GHus, Thed, egqrrier 14

ring 400 is configured to circunferentially surround a retaining ring 200.
Li ke the Watet &pmiarrdeaningsystenes tha isesprayigd throeghitdg tiypughbolesinrthe carrientnglo0 can

e DOV GGl oR S B s 008 AL RS, o,

annul ar | ged badwedr 88 c4idr rihf andIRRAKINE @Tnll MM oth3dintFlembRaRaifi fhered beneath
a base asserrblgl 104 and can have rounded E%)rtlo_ns along the inner and outer
9

di amet er sthesfughtheleg ipbothdhe ¢asmer riygybut Thkin; thieetaiging rngeanddothe theughealéson of t he
| i o . i nj i is.j.ust. | h
ower porfl of ne@%rg tﬁ{?%@&ﬂ%@%& %B{P%ﬁl dlgogt% i;?}ie.”éaﬂ%r][ring%né‘?ﬁ r'e?alhl‘ﬂgtrm apger than

the outer dia 0 SOocCi a 1on o he retainin rghg; I f the

r et ai ni ngsuch igplemenfadiviis, kel through hob thibakeh the thrgidr tihg 400041 bedthasmher of the
carrier ring wl| be about an inch |larger than the substrate, for exanple,
an i nner md%h@wxdebfhaaqughihﬁlﬂsé@w thg refaing#ing 200. Jaspmeubst r at e.

[0061] T o =3e rtd 3 ﬁ?g Vi e L k- r di aneter
440. Thgﬁlrﬂéceséatﬁ)%ik%egr?lé'eﬁde [ r@}oﬁefdgbsager@?@éﬁﬁgﬁé%@d@%%ﬁ%@endi ng from
t he bot t cioustigr102 aleat 43Bourrls ity leradih@ king uathacthad 430t v dhngr tingikdlhe out er

di aneter 440, and a_sloped surface 444 connecting.the vertical ;surface 442

to the hol08dnt al sRFtHEERE tp43G. *‘ﬁé‘.%i’ﬂ%{‘e impplemeniptionsethgupperRPrgdr 43lon, as
measur ed @ahglggee thgg&@k £9§tﬁ§o§ngs§%awaongggi&sr &&fatcg'%o,%&% gg%fppmqe of the

sl opi ng sur ower rtion can have a round ortion al ong
t he edge wirtitdhmnetitvall add eoreided pdrfiOnasaldng heupyser aad ivvedr edgest dthe pdetfadigg062] As
shown in Fl

FEI EITRE  TE S EE CNE E (TN

can have gy 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.
[0068] 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
material which is chemically inert in a CMP process, such as a plastic, e.g.,
polyetheretherketone (PEEK), carbon filled PEEK, Teflon® filled PEEK, polyamidimid
(PAI), or a composite material.
[0069] When the two portions 431, 432 of the carrier ring are joined, the upper
surface of the lower portion 432 is positioned adjacent to the lower surface of the upper

portion 431. The two portions generally have substantially the same dimensions at the
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hori zontal |ower surface, a sloped surface, and a rounded portion along the
edge of the two surfaces. The w dest portion of the annular step 435b, as
nmeasured along a radial cross section of the | ower portion 432, can be at
t he uppernost edge of the annular step 435b. [0063] In sone

I npl enmentations, as shown in FIG 4C, the carrier ring has an inwardly

pr ot r udi ngmsmnlounertdmnétemrn their hdlj@(fbnﬂaﬂffa@bs)mmtm the W partiodsasa, 480. In
ot her rrglemeH tio s shown in FIG_4E, the carrier ring has an inner

surface 4 sugtace g etg R etrRations31a43% meriewhsnthey i jeined. dBad® | i ne
in FIG 4&ng é)%ﬂﬁ)nlsg be ﬁﬁl({cfl'n@&@mﬁ?a‘?bonﬁfngtl rgf% bi@lech tHig 4dfbfough FI G 4E
and illustrates a S|n e-pl ece ring, I nner surface could be

appl i cabl surfagesa t wo- part ring as shown in Fl GS 4C and 4D). The inner
surface 4 n inc out war dl fro top to_bott th the region of the
i nner su_rﬁg)gﬁf 43 ihf E’c?\é"ﬁtpoftﬁ’é“%a E?%I%fe&%e 8@ —\éf“? Hen feﬁ@aeg

snal I er i pry ctsdx}e?tr@alll e HRASWEL p&rﬂsn h%‘ioﬂ%&é% sncﬁég \égbe‘iah% gue tO the

bunmp or inhclined surface) relative to higher eglo the inner surface
al | ows t hepmeapoition 43il nght step d¢atnral43§ iy &f @melac etep ladjarattdo therignaridiegnet@00, and
provides f

consi ste In the.loca n of contagt .between th reta
ring and ﬁ}?g CRIECF 188 QW gﬁe R frague %‘%@%&f}qslué’wa@ﬁ&%% %n%ﬂﬁaﬁﬂ?ﬁ ‘6’8: Plsﬂlgng
of the subsfheadwer rldg 432ddiHels feﬁh&%%%ﬁ&re?fhetlﬁ?erfd?&’i‘ﬁéiénewéll of thE 1Rt Om of
the carrier ring can prevent torquing of the retaining ring when the

r et ai ni ngring’ayouamta postian elheaecdseA3 7 inthe upper portion 43isbersponds todthe step he

| ower surface of, the | r_porti.on as a_sm ner . di anmeter

than t he h:ﬂﬁ"é? ﬂigrsf’él&aéwj@ﬁ%b\l\el Ep?fﬂﬁgﬁé}%ﬁ?‘{lmﬁ?rﬁgﬁmnﬁgg@fﬁ Bhehtcarrier ring

can be at {@eiheH thestd Ratfe 255RRBANM tADfkcessaN? batHeMippeNForti6RBS 1. €Thd feb@s i S

configured to surround a retalmu&% ring 200 and noP to contact the edge of a
L

subst r at e43DcanThave a;hpazorpdruppgns e aifid 2 Wertical innes Ma:lllm@ a0mundadhpomiohude
cyllndrlc?l receises

Fhst oner o1 septnateen om0 g 3s i ly AEHEhRE amater e BRI e

carrier rhﬁlﬂls%f’atttﬁe ButePAGiama s TRt s, H¥dcarrldt@ingoagayHad e GRDIRE sRp@AREY spaced
around the carrier ring. In sone |rrpl enentations, the holes 412 do not

extend ov etprrqsn@nch@g regesstieatutss pthee than 3 wep 4 Heandeeeess 423at thegmediamstes,  as
shown in ggt%e carr i’er }'mg Pnoéo%?e ﬁ%qerggntllt?o%%} t?lg bgr'?(}nllé Faler ?%)ﬁ/igy E)r&gncj {oat}le | ower

surface 4
surface of the step 438 in the recess 437 of the carrier ring.

[0071] 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
bonding area for the bonding layer 436 because of the increase of surface area in the
interface. The larger bonding area also reduces the likelihood of delamination of the
lower portion 432 from the upper portion 431. Further, the bonding layer 436 along the
vertical inner wall absorbs stress resulting from uneven thermal expansion between

material in the upper portion 431 (e.g., a rigid material such as stainless steel) and
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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.

[ 0065] | nmgigrial intid lomenpertiond3? (¢.pea beas rigik ormorg c4mPlimasnaagalauch®r e t hr ough
slurry tr ort channel s 422 on the bottom surface 433 that extend fromthe
i nner di éPmP8$%ﬁe outer dianeter of the |ower portion 432 for allow ng

slurry tojopazs fronn sobi ifplehditions, d $SshoWngh FGS OfE, UL afPAIT I RE uppepd duri ng
polishing. The channels 422 can be evenly spaced around the carri‘er ring.

Each sl urPgption 4hkpist the dnserpertiapdB 2 ihdearnérfring comprisan singlg enit made of 45,

| ati ' ing_th h t h . _Referrjng.to FIG6, th
Carrior - r M e Rl BE R RO G ey Ve SRR s mt A W ig channel s,
In some  drheeillyandrsin 4 ORIFCHOELSS, subh Ada plAS)€lgS dR2 R &hMkEBhe LXK ) he

retaining ring channels 222, allowing slurry to pass nore freely to the
i nterior @rbanydledRERks Teflon®nigledREEK-molyamidinpid PADher eompasite mategiabhannel s

422 h i gy, af cabout 0 25 inches [ 0066] | i o) i ons,
the carri B0 ng a0l RadficitiniRe e 00 IangeieRl et hRusnEFRam « ne-

i nner di atietedge ¢fta dubstrAelll @fo bt tHeubsttite, Al leR VWl OMhefilbrdne)500prévifles 4 © pass
fromthe interior to the exterior, or fromthe exterior to the interior, of

the car ri®¥face §1% torgownt thexgibsieate 40 K3 Shews pipatiighciess-sestional visw efal t hr ough
t he upper ':]% } n spaceq around the
carrier rflleﬁ(gt.;lE n sbi)%%}ee ?O%%gﬁ%mngijlg%n@%8@9@?&%&5%%ro gﬁlﬁﬁ%ﬂgfl@% in the
carrier rdyngnditit flegibld membene ¢ shominng ring. Thus, fluid, e.g., water froma

cl eaning system that is sprayed through the through holes in the carrier
ring w |ﬁ0¥i‘8 flus h/éﬂslubwq\ﬂé?lé- %rltbfhge’flg]é reRiRlAng Y0G canchaye aggrerpldy Hatni ng
ring, th I ' %ﬁ& ri ' | ning ring.
I n ot her qﬁﬁgllpgﬁ%dﬂtof%gsa? t e%gp'g%ﬁ t?f? gﬁ)gcﬁﬁf?oﬂf@é‘ prohtﬂgloﬁh@dqrﬁghggaér.lri er ring
but not igsubbthee-neiuating ngface3¢2. Theloutbepdrtion i2hettondsSromitle altérgdgelobhet hat

fluid will pass.th ougﬂﬁboth the carrjer ring.and the retaining ring. In
such i mpl BABMORIEHY. lihgdunqiyrg bgtvass thesmainnogtign 2 10and4he pwer 3m8lr 400 can be

238 anﬁes%ar@'g&& 52PEantad€h phipierhiNGat RIRE 980 B SPadddifYels 59, I&LRIWNI ng ring

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.

[0075] The outer annular portion 520 can have an annular recess 522 along its
outer wall, which is configured to allow the outer annular portion 520 to flex. The outer
annular portion 520 can also have an annular step 524 protruding inwardly along its inner
wall. The annular step 524 can have non-horizontal (i.e., sloping) upper and lower
surfaces.

[0076] In some implementations, the flexible membrane 500 can have several
annular flaps. The main portion 510 can have four concentric annular flaps 516. The
outer annular portion 520 can have a pair of annular flaps 526. The annular flaps 526
connected to the outer annular portion 520 can have a horizontal portion 540 extending
inwardly with a thick rim 550. The thick rims 550 can be configured to be secured to a
base assembly 104. As shown in FIG. 5, the upper annular flap can have a horizontal

portion which is narrower (i.e., does not extend as far inwardly) than the lower annular
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I npl ementations (see FIG 1), through holes 450 are formed through a portion
of the housing 102 that surrounds the retaining ring, rather than through
the carrier ring itself. [0067] Returning to FIG 4A-4C, in sone

i mpl enent ati ons, the upper portion 431 can have an inwardly protruding lip
439 along its inner surface 430, where the |ip has a vertical inner wall
and roundig. fosdheembadiargts the cufep anmdnchorivoes2ecgdtive Thenmilatirishiulg i p
439 can have an |nner dianeter equal to or |less than the inner di aneter of
the step Pogion, a @eﬁlpﬁzw%l Rf’&‘r\o‘ﬁ%&@ioééhed)aﬁaﬁfd‘n%lébﬂﬂ?ﬁ Yhgapdecpanecied 237 to

pr event | . i i | nt ati ons,
as shownqgg’;r{ eﬁ%&%@}éﬂt’a %gér(t:lg}r???%F&%?%hghggsﬁlh%fﬁg‘g%%d%gﬁ ﬁ@u;l n Ioﬁir;sgld I nner
surface d0@774n i nwafleligngrmottracdiergrid amudddJlap 1516 sonmectdhethe majplpenint at i ons,

as shown FIG ,4H the inper .surface of the _carrier.ring 400 has, both an
ovar dl'y D68 shH adtobfonel BHEON SHERc b PUEHIS 33N Hick TEoRBEb RS surf ace
that is dRfbiBED l%@e‘é@{eqlt?é F%ﬁ%s?&ﬁﬁl? %ﬁ,%nﬁ%-anﬁﬁ%ﬁ]:glédb(g%@%a The

i npl ement ati ons, shown I n 4C, the upper portion 431 and the | ower
portion 43fulaf anghesd pration £60 camisg jained atkeen thednihgroetiin ik anditbd orizbhal upper

portion 431 c be forned qf mat er.i al at s re rigid than t.he | ower
bor t1 on Astongidne fugipr Trcaf Jhe gapayangledginion Pigan hefsf iyreddadivee) |
mol ybden s Aincalrd With YR8 mafn ForG6d §10 fan aitsGunctiteUiitiithe HOFizO NS orGL P! ary
mat eri al s. e lower portion 432 can be forned of a material which is

cheni cal I[§078]ert i itz toe optesmesisoneantric anmular Plaps$ iGcconpeged to the main

pol yet her et her ket one (PEEK) , .carbagn filled PEEK Teflon(r) fill.ed PEEK,

Dol yan GIFFPD (AR ngpae LesiEd bRz areafine s Gie HROEe 3 0abHr 1 ons
431, 432 kizbMmel porion SfterdiNgfrdmahé Oériesl pokthsh 3M0PGTh a SEK Afealog thESuicpwer
portion 432 is positioned adjacent to the |ower surface of the upper

portion 48ge ofithe horisordrnoridens wiiehegaa beyconfagured tobls seauted [to ¢ baseeasseady

di nensi o at the 17 i.nne nd out er, di.aneters on.their i a t _surfaces
such ¢ hat 0¢ndn botie BPed BREE, B hof R REH Soflheli P AR AT o
portions 1A3d a sthalertBRkné¥d @ihnttheYertitd pofidhesfo offiie doMeentFid Bhhddr fRQL tThons can
be attached with a bondi ng | ayer 436 between their adjacent. surfaces.

S

[ 00701 Themedmplemsaiations thasecenthanthihird puiermpsticoneantric amglar flaps 8164nf eat ur e

438 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.
[0079] 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.
[0080] In another aspect of the invention, as shown in FIG. 1, a carrier head for
CMP can include a base assembly 104, an annular retaining ring 200 positioned beneath
the base assembly 104 and configured to circumferentially surround the edge of a
substrate 10 to retain the substrate, a first flexible membrane 300 shaped to provide an
annular chamber 350 positioned beneath the base assembly 104 and above the annular
retaining ring 200, a carrier ring 400 circumferentially surrounding the retaining ring 200,

and a second flexible membrane 500 providing a substrate-mounting surface, wherein the
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projects vertically fromthe | ower portion 432 into a correspondi ng recess
437 in the upper portion 431. The step feature 438 is an annul ar step

adj acent to the inner dianeter of the carrier ring 400. The step feature
438 extends upwardly froma horizontal portion of the lower ring 432. The
step feature 438 shares the inner dianeter wall of the lower ring' s

hor i zont avolmae ticated bétvecehaehebase 4skémibly 1 (¥eandahe secpfd flegibledmidmbRhE Sgponds to
the step _feature 438, so that when the | ower portion 432 and upper portion
431 are b@&ﬂ@ﬁ‘ﬁpr?sébfé%ail? chambersst ep feature 438 fits into the recess 437 of

t he upperkogg{tlon %V\%r Fﬁ%&?ﬂgéﬁam%‘f’gc porfm H?I?]lbé%ﬁég%ecgﬁ@er surface

and a vertical inner a rounde enent ati ons,
the step ﬂ@&blemmﬂrmeajoatbehé baselassdnﬁ)tgel(hqrwm]ﬁ atph&alhtg\wbomdenmcﬂc&'r}np and i s not

at the outer ﬂJ é the carrier ring 400 rra% have, no ot her step
and cor r'#¥o &FEE ecrég%n %%&qjirgggeddp élsuqcﬁsash"etbh%aré‘t"éﬁi Q‘Bt%@nﬁ@&sés 437 at
the i nner HihdeEioahe o@erh&e cHﬁﬁlBére'ThE h&gn blkeRR &H?ﬂaé%f@ﬂl&ggé ]Ipd?ﬁal A recess

bondi ng | ayer 436 nay extend to the sur ace o e step
437 of t héefimad by ére peripheral &gz hingsHeday 1sfnarrow1}gmlxﬁgateeldo proviidebetiet eddeon of t he

carrier rin erts force a . horizontal bonding layer. In carrier ring
400, the ‘ﬁngﬁﬁ? g polis 1§§°?r}§n§é‘1bgfaéeshear force into corrpressi ve force on

the bondi [[msi yer 4%cﬁlcﬁ£&9bémn\semcgﬁbowy pakdeed(ndiRE ature

438. The transfer of shear force to conpr force on t%e bonéll ng | ayer
436 redube basera@sdnnble I1 D4h emblh@isntgel (2rtb anssoniated nrtssultecsmrcepmch apapdd®P from

t he upper _portion n occ in carrier,rin

feat ure. oG suihe A HRe.. Tie S5E0 onshahep S e RN SRR TSI of ¢ he
carrier rfiReflé&gbRnhengbrhfe 34T 0RO passieBr ﬂh@qoﬁﬁ’n% élﬁnﬁ:%f '10)83 fand bR@ paskszePT €SS€d
down agai nst the polishing pad Is transferred Tromthe |[ower portlon 432 to

the basefoptachind thgsyie preseurizable chambers hetactdi thiedrase assemblyr H04cad theweeondral |

ot ease B 108 Hedtbrat 98 Rt 1R of S mSied Tl R roties Fin St o
reduces t{igerhblkabi k@OBe HhkdhabPaisagds if ok 1ob%wexn5}é hib®iy tha%exienagm t he

upper portion 431. Further, the bonding |ayer 436 along the " vertical inner

wal | abs olgnb@e gherleading elambar 168 or owtsida élmeqanueaéxpndalocbxlfmmlrlmtlcmeqfwe@n _
L g HBRRTRE DR 0 S R SR A 3
conpl i ant fléxable imea brantC400on 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.
[0083] 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.
[0084] Generally, the carrier head can further comprise a housing 102 connected
to the base assembly 104 and configured to be secured to a drive shaft. The carrier head
can be coated with a material, e.g., aluminum, PEEK, or a composite material. The
carrier ring 400 of the carrier head can apply a downward pressure to a polishing pad. In
some embodiments, the downward pressure applied by the carrier ring 400 is greater than

the downward pressure applied by the retaining ring 200. The carrier ring 400 can be
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PEEK conposite). [0072] In sonme inplenentations, e.g., shown in FIGS. 4E, 4G
and 4H, the upper portion 431 and the |lower portion 432 of the carrier ring
conprise a single unit nade of the sane material. The unitary carrier ring
can be forned of a material which is chemcally inert in a CVWP process, such
as a plastic, e.g., polyetheretherketone (PEEK), carbon filled PEEK,

Tef | on(r )foféd efth MBfeK;igid mlateridl diamithe {dRAing ring 280 cesiag iethseagiet fhg  10073]
VWil e the retaini 2‘3’?’“ n% %aoo i s configur ta {hi rcunferenti al Ig sur round

the edge BF2rR8dfplaverrate than the reipining ringe T adths of thegepining Hng20@ast ane 500

provi des e catief ARE3 G0 an 1 VIRIA Yo hdjBst 1 parti al
cross-sect?gnal vlf;%w of a flexi%l(ﬂ %@%gﬂ‘gg‘%ﬁ“&ﬁé‘r@%ﬁg%@ﬁ%& alf of the
cross sedupble apfthe bubstrateedge tan besaltencet bryi chahgieg ithe widthe atit pressuresstosdachwn. [ 0074]
As shown in FIG 5, the flexible nenbrane 500 can have a generally fl at
mai n_ portit¥ 510 and an outer annular portion 520. The main portion 510
provi des [pogsjubst r ahpARERbAMN&HY, HACR R rif[@_?l_(r)]@k'?n?ﬁavg%[&té gﬂthﬁ%ghext ends

e

fromthe outer edge of the main portion 510. e juncture ween the main
porti on Sudesapgiindicated bydhe dashed hines ip FIG.il othata@enldinorh shecinpermarfagh2dlato edge

hi nge 530, and an _ann r.rLecess.b532 cate abaqve, the hinge, 530 al ong the
outer oaneBftefRuRBR AR orfredeR g 208 SfowRa M st BPA BEGETroGe 5o
can have tbe\G@eiRosr fri $hedx@Hibritd thelifAbr, 8Nthe Qe 'Th%ékrsfl@tg €n aligifwith

peri pheral edge hinge 530 and the annul ar recess 532 can be contfigured to be
conpl i antslots imihe eetrisyheadel Odyamchsan prayidel omednsdo svash excepeslipy om e t he
substrat eagegallpr&ptgg?%ai‘&g%t outfd'o annul ar portion 520 can have an annul ar

recess 52 I"'ong EEWar 1, which is confi gured to allow the outer
annul ar 0o86]on 52(ntsoméli@lembacations, davingAbichey ST5HO Ga SfRehidib aphiger have an
annul ar step 524 protruding inwardly along its inner wall. The annul ar step

524 can Haped 18 theosecorshfleibleimembrarg H)) ¢ag)imppyyeolishing vuidermityu ¥ aces.
100761 | ' ' t. bl 00 h |
100751, 1 s TR A0S o B AR B 6 DR Y P

516. The predsurinadjavém chpabdrs 0Bpxikallgnviviviierd iPandquell pradiit iafadfakéts 526.
The annul ar flaps 526 connected to the outer annular portion 520 can have a
hor i zont sghambets; e psseureir Bgdyighypressure 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.

[0087] A number of embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. For example, several of the
concentric annular flaps 216 of the second flexible membrane can have an annular angled

portion 560 instead of an annular vertical portion 570. In addition, notches may be
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inwardly with a thick rim550. The thick rinms 550 can be configured to be
secured to a base assenbly 104. As shown in FIG 5, the upper annular flap
can have a horizontal portion which is narrower (i.e., does not extend as
far inwardly) than the |ower annular 19 flap. In sone enbodi nents, the
outer annul ar portion 520 can have an annul ar triangular portion, and the
hori zontal portions 540 of the pair of annular flaps 526 can be connected

to the odoeteddnnig middboofa mrtiﬁﬁﬂ(DOtttﬂnoiY@hattaHenMenetWideﬁleahnulhealm}ﬁmI ar
triangul ar 0077 i nney nost . concent.rj.c_annul flap 516
conneat ed T BN 108" e o BPE e ued BT bl BOE0R D Ard 3R hor ¢ on

ext endi n%&@idﬁ%f'dhéﬂlﬁlblemdnw@hs A Withih tHehscogofliBe fSlRWih@tlaRsk.t 0 be secured
to a base ass y 104, and an annul ar angl ed portion 560. The annul ar
angl ed portion 560 can be joined between the main portion 510 and the
horizontal portion of the annular flap 516. The annul ar angl ed portion 560
can have a larger radius at its juncture with the main portion 510 than at
its juncture with the horizontal portion. [0078] The three outernost
concentric annular flaps 516 connected to the main portion 510 can include
a vertical portion 570 extending fromthe main portion 510, and a

hori zontal portion extending fromthe vertical portion 570 with a thick rim
al ong the outer 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 vertical portion 570 of the concentric annular flap. In sone

i npl enentations, the second and third outernost concentric annular flaps 516
can have a ratio of length of horizontal portion to | ength of vertical
portion 570 between about 1.5 and 2.0, such as about 1.66. [0079] In sone

i npl enentations, an annular flap 516, 526 can have one or nobre 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

not ch 590 can be configured to reduce conpressions in the main portion 510.
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[ 0080] In another aspect of the invention, as shown in FIG 1, a carrier head
for CMP can include a base assenbly 104, an annular retaining ring 200
positi oned beneath the base assenbly 104 and configured to
circunferentially surround the edge of a substrate 10 to retain the
substrate, a first flexible nmenbrane 300 shaped to provide an annul ar
chanber 3WHAIOS CLAMBDOSneat h t he base assenbly 104 and above the annul ar
retaining ring 200, a carrier ring 400 circunferentially surrounding the
retaininq_ring %oab and. a second. fl exi bl e menbrane 500 providing a
subst r at e- mourft PF§PLEPFRRENS, GOBINIISHE he 20 vol ume created between the base

assenbly 104 andanhRrsaciis afléﬁé&: siHEcd B FHREAEEa muaﬁe%%&ﬁﬂg}%u &S | zabl e

chanbers. [00811 The pressurizabl e chanbers can be forne y clanping the

second fl exi Fneutes@bnalaep@ton extending fasethassientdge df@le mainhpaatigd;ur al ity of
concentric cla .rings. The chanpers. can.be configured to be, successively
narrower, fr oﬁ?’r%)eﬁ%‘niaﬁﬁ%ﬁlmg’tetw@ﬂ_ ’é‘?lnt%’rtﬂ%arﬁllfgﬁf’ gﬁmatlffam&rqn The second
out er NStcoalpRREeS perihefall edge WA Al AnVannGRf 138 BYvd 18 HRYel Bt ofidge hinge

530, is narrowy configured to provide better edgz _control during polishing
of the suwllefdheoutepagr]arpadione Hermseipheralredge hingaihdvipg counsled dnrtsy aphssages
(not shown) through ,the.bas ssenb?)i 104 and housing 102 to an associ ated
pressureosuz[)elfrS ef%ljcegﬁlg C%%I%H%ﬁtr?%ecé)pp ¥létSSure or vacuumline. There can be

one passage f orhetfiitie féhraehsthen 139efin thButdr ahsilaf pRHbdLenpmebrane 300,
one passage for the | oading chanmber 108, and one passage for each of the

si x pr esQnnplaascess@lengtsrantgsevalle the annulapeesesspongwed taallpvathe anpelasecond
flexible or 500, fo tal .of..eight passages. One ar.nore,passages
from the DXL OIEaZi o7 Spate SRbBro RtV ARBRES 1o Sefle i30GS 03 oy
flexibl e sigphavingtdvathaigbaatiepper Bed evek Bgficeadi ng chanber 108 or outside the
carrier head 100. Pressurization of each chanber, and the force applied by
t he assod-at edlhedlprihle membrane afwilaimpls furthspcomprigng:t he f1 exi bl e menbrane 500

R R T

subst r at ehélmaimgbrtipwinits Biphgality b€ cletybetowhemngaifierbld membedie idsdcoretigal i shi ng
rates. In addition, the pressure on the retaining ring 200 can be varied
independéﬁﬂﬁ?héﬁithe pressure in the

4. The flexible membrane of claim 3, wherein the two annular flaps connected to the
outer annular portion comprise a horizontal portion extending inwardly and a thick rim,
the rim configured to be secured to a base assembly, wherein the upper annular flap has a
narrower horizontal portion than the lower annular flap.

5. The flexible membrane of claim 1, further comprising:

a plurality of concentric annular flaps connected to the main portion to divide a
volume above the main portion into a plurality of chambers when the flexible membrane
is secured to a carrier head.

6. The flexible membrane of claim 5, wherein a first of the plurality of concentric
annular flaps includes a laterally extending section and a vertically extending section
connecting the laterally extending section to the main portion and a second of the
plurality of concentric annular flaps includes a laterally extending section and a
diagonally extending section connecting the laterally extending section to the main
portion.

7. The flexible membrane of claim 6, wherein the first of the plurality of concentric

annular flaps is an outermost flap.
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chanbers defined by the nmenbrane 500 using chanber 350, and the pressure on
the <carrier ring 400 can be varied relative to the pressures on the
retaining ring 200 and in the chanbers defined by the nenbrane 500 using

t he | oadi ng chanber 108. [0083] A nunber of enbodi nents of the retaining
ring 200, first flexible menbrane 300, the carrier ring 400, and the second

f1exible grenbrEnefl&@le ninttesCof disth 6,3YEn tHealchfl o SRBMedri n the
carrier head. [ 0084 General |y, the carrier head can further” conprise a

housi ng 1%PRCetim ey flaps is aneinpermoskliaenbl y 104 and confi gur ed to be secured
to a drive Shﬁ'ﬁe flexiBle SRl brile Mm £ Qthepe??]gr? g gl clc?nceﬁgnal Efaglélu 2 ﬂ?.e 9.

al um num PEE a conposite nmate carrier

carri er hefabe plaraliayppf gonaenteiomiaps cbmpsrms b herizental poetidnsdxitdidingashitwhrdly, aome
enbodi nmen t he. downward pressure applied by the carrier ring 400 is

gr eat er ttﬁt%ﬂ? rig glong %?roedﬁF o5 tgrherigpnal Rogtion, thefhickgimicantigyred oe200. The
carrier rdepge4@0, AR a@fen?al?/ a%ﬂ%qnﬁlgaﬁzrg?é’dg)orrfru%{ ni% il &h tfu{]ffﬂ% the

retaining ring 200, resu ng int weari ng N ower rate
t han t he portion amd"nye hongontéllhxertvmﬂ whsreif the laanulet a&igtudr;g)rﬁi(bm@s%qgrgaflfbduishe
carrier ri n 300 can tﬁﬁvatl ed to _adjust, process results. In particular, the

pol i shi ngf'1 FgEyre Witk IP%t}@néﬂﬁeluééﬁ‘}r%@ﬂaﬂteé%’éoﬁtﬁ ROTHARI ng t he
Wi dth andjgr eSEiY Gexikle GR%ibra écﬁg:l %ﬁeréu[f'ar?Qunt@ ﬁgﬂfcsaﬁnﬁlg taining
cat e

ring 200 can have slots or t rou as In d l i nes
in FIG 1of thhpluradity ehebntemtriv flaps cmn;msesauvémcel prt’imt @(teﬁdmg fromehe maidf ace 238

of the retaj.nin n 00..f or luid to pass f the interjor to
t he ext erfo%Hom: 8 OFIF%‘%?]?W@“%‘}(?’Q?‘?JW& Bgttft%v?rﬂfﬂrﬂo }on B'FJ méd? fipqlongfhee 5| ot s
can ali grbdﬁérteﬂge of f%f’nohﬂoﬂtﬂepo?ﬁ&f RS thieR3th LOTi AR ©3R BERYE ﬁgao gasgeans to

wash excess slurry fromthe interior of the retaining ring [0086] In
sone i nplassamblaut i ons, having notches 580 590 in a concentric annular flap

516 of t secgn l..exi bl can rave polishing uniformty. A
potential ‘adva g‘b"é‘@? nt?&t%cf?f?s Olic ai o1 F'i?t}e B Pf‘%‘?ﬂtﬁd’oﬁ‘i‘\‘?”f f“ﬁ’/’nen t here
I S unequahickRésS s tBe véttiosli RewsH. chambers. Specifically, when there IS
unequal pressure in adjacent chanbers, the pressure in the high pressure

chanber tkhds The fiexble menshspaer eftclaig 10, aqhenem oratio of length of the horizontal

portion to length of the vertical portion is between about 1.5 and 2.0.
13. The flexible membrane of claim 6, wherein the second of the plurality of
concentric annular flaps includes a notch at the juncture between the laterally extending
section and the vertically extending lateral section.
14. The flexible membrane of claim 5, wherein at least one of the concentric annular
flaps includes a notch at the juncture with the main portion.
15. A flexible membrane, comprising:

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

an outer annular portion extending from the outer edge of the main portion; and

a plurality of concentric annular flaps connected to the main portion to divide a
volume above the main portion into a plurality of chambers when the flexible membrane
is secured to a carrier head, wherein a first of the plurality of concentric annular flaps
includes a laterally extending section and a vertically extending section connecting the
laterally extending section to the main portion and a second of the plurality of concentric
annular flaps includes a laterally extending section and a diagonally extending section

connecting the laterally extending section to the main portion.
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the | ow pressure chanber. The bow ng of the separating flap can lead to
regions of conpression in the main portion 510 adjacent to the separating
flap, resulting in an unintended pressure distribution and non-uniform

pol i shing. However, having a notch 590 at the junction between the main
portion 510 and a vertical portion 570 nmakes the annular flap 516 nore

fl exi bl e K& t hiEhg flexible nembrieso frobdmces whergin the Sirgtrofithe plbealiogpofconpeanttic on 510
when the flap hends due to u ual pressure, thereby inproving polishing
uni f or mi t3UAT HEPTH aBQBtCEIQHSth adapted to allow the concentric annular flap
516 to flgx vvrmlémeM%yﬁ@oﬂ&aﬁn@mra&t&%%ﬁmﬁw A } geabl e
chanbers on both sides of the concentric annular flap 5 urt hernore,

not ches mcerﬁﬂoammhartf@ppmsmmocmmsaﬂ@ configured to reduce downwar d | oad

transmtt fr | east .one t.he SSUrj,z ers thr h the
bomcont 11 B annDiexibIe By gase Sttt WheRin {15t sy SRR A0 Secub g

conpr essi gidlet fhlémlesmmmm%mc@n 5)1@nd1599&¥1bn/6fm¢rm§zromﬁe pRRARY BENt s of the
i nventi on have been describ Klevert heless, it will be understood that

various nesicéitdesimmar fiapy. be made wi t hout departl ng fromthe spirit and
scope of e i.ave ti. n. Far exaip eral of.t 0 ntric.annul ar
Traps 216l oM TRUBR iR Rl S Tha Hind T BRE BRI BE oc
portion S5&ferdivst Ra3Gordlo 1eﬁgtalaﬂuiearertmny bﬁt@hdlﬁ? kddtion 0B e firkfofaléplukality not ches
may be 22 located in the mddle of a vertical portion 570, at a juncture

with the efmenrentriaergiuias flapsisthetneesedoutol.5 ard 2Re j uncture between a
hori zontal portion 540 and a rim550. Accordingly, other inplenentations
are within the scope of the follow ng clains. 23
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