Ret ai ni ng Ri ng, Fl exi bl e Menbrane for Appl ying Load to a Retaining
Ri ng, and Retaining R ng Assenbly BACKGROUND [ 0001] Thi s invention
rel ates generally to chem cal nechani cal polishing of substrates, and
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[0003] hemical 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 sluiry, including at least one chemically-reactive

agent and abrasive particles, 1s 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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SUMVARY [ 0004] On one aspect, a retaining ring assenbly is described.
The retaining ring assenbly has a fl exi blee nmenbrane shaped to provide
an annul ar chanber and an annular retaining ring positioned beneath
the flexible menbrane. The fl.exi.ble ane, has concentric inner and
outer o1 dETRETTS ralrinn SRieniEE AP R E OB E AT A 1SR Shfiet ¥ ¢ o
the top eggfiffretaiiengd ANEhasndnMHsBFfade Gdafivael So ciddhnefedtialy $RMRAd the
surface, and two annular concentric projections extendi ng downwardly

from t he edgauifarsubsivase toggtairaide submtiateap haw esurfageonfiggred itheomiass aan
i nner surface.conf. gured;t ir er i all rro he ed of a
e A e S

contact aap@ldrspbagupce. Bl SiM0ld 36nddpPRPrjecticie@f tiRkxible nRitbiararare
concentric recesses in the annul ar upper surface, The annul ar

concent r i 82gt 6] fédptoghe awrularcaneaniiq Ispesseretfiihepauiy ee@inieding it into
the annul flgSPNCent ffiehfiGaR%The h@@m?dﬁgﬂéﬂqcf&@% Bhe b fhofd didhe

[ 0005] I nplenent ati ons e 1nventiron may I'nc e one or nore of the
f ol | owi ngfdileating featurdsh Theaoaemtric mnemadrouterdidewtadls of ittckefl andth b mondbridee

fl exi bl e menbrane may have curved rtions extendi ng bel t he .upper
annul ar sTEY 48¥° W?qvm%orlﬂe@sa%?wgr _%W thm@pahﬁmugqx_s FReH e aiHIRg ring
and the annihifuifeRAGRC fmBhRd Heldnfilir Ainckfific bhiKitng o ElANME MY

be thicker than the I nner and outer side wa e ann ower
surface ometiveankineayi i thickentham the imegr and veteasige wallb.i The adnutiriewutrasurface

hol es, each,.circular hole positione et ween the two annul

Concent 1 6 G Geetls rbpe B Hay® A lhmelay BF Sho el focsti e ar holger
surface. [IheicHaWeVeeH RREHwoSnbRS SoflenttdrbebiindicR@ning HoWRWaRAY Eofh
plurality of cylindrical recesses, each cylindrical recess positioned

bet ween t the anmalanlemer surfasgndbaeniyarunpesgwiace af thewptaigingréng may hayes

i oxi oo HorPLRESHRGY terelfbor sl el Rl BRF e

menbr ane gyldeochenioreotsséd) akbwizigithe fidlibleinddmbrantcld tRSelirkd &OMe retdiffhg
annul ar retaining ring may have an annul ar_| ower portion, an_annul ar
upper por fingwithdarenery ohl exibls yrambsanejaaybe elamppediora easecn hppdr The

portions. ﬂg- Eleqﬂgﬂﬂ)l%ﬁe J:P%g%g gﬁ‘gfetd' oqr&n%fasﬁgﬁlaFe?itaﬁis{g%}Pzg ﬁli,i&g?.r@ﬁe Qlﬂl\{lsfara

plurality of grooves ar upper portion he retaining ring
may have sifaininguingrmdy imvalaongnulbsloost portisn dnaameylaniygpes portioheaminul ar

lip has a hoyizontal |ower surfac a vertical, outer surface, and a
non- hor i zB?&i&Pg ettt he Bpperped éfﬁ‘fﬁsmarﬂqyﬁpihe BRlar e parfien Bfné
retaini ngréidiﬂlﬂ;gn’}ﬁ% RAVEVR al FRNGT YT Res SHhE AGRIAMpADHRREST RO RiMifting

surface, where he "l ower "annul’ar "surface 1s wder than the upper
annul ar sting aee hay© @0 &jnutar dipot drey ite@peacurface, mderimthegnnilaglip bas a

descri bed, The retaini ring.inclydes an anpnul ar.ri.n avi n

e oo ot fors Bulfed b B A oR g S e, AR Y b phrif el b BohyBies The
substr at eaﬁrﬁtle{r@%ﬁéﬂb&ﬂ&l SRS Fétainmhg rthgd AN have W IbFeLariRMtr s ®RnH @n upper
contact a polishing pad, an annul ar upper surface, two annul ar

concent r i enmudarsusece, whereiethgdewerannulapeyriacg is wiser than theunpenargulary of
cylindricqlﬁkecesses, each cylindrical recess positioned between the
two annul & E8ncentric recesses.

[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] I npl enent ati ons of the invention may include one or nore of the
follow ng features. The annul ar ring may have an annul ar | ower
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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



[ 0011] I npl enentati ons of the invention may include one or nore of the
followi ng features. The | ower surface may have-a smaller inner
di aneter than the upper surface An outer surface of the carrier ring
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[ 0015] I npl enent ati ons of the invention may include one or nore of the
foll ow ng features. The outer annular portion may-have an annul ar
recess along its outer wall and an annul ar step protruding i nwardly
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[0018] I n anot her aspect, a carrier héad for chem cal nechani cal
polishing of a substrate on a polishing pad is descri-bed. The carrier
head has a base, an annular retaining ring and a carrier ring. The
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| 'oad fromdhie ;s flRt erHEHREBS: RUESRGEarihld TR THRSIERIS thePmhiAgRrtion
fromthe retaining ring on the polishing pad and a |oad fromthe

carrier rimayheve 2 herizsoldl phitiog eptendingyoubrardiyde aeltan dlgngidie ovteabdge of

The substpate .backi ng.nmenber may . include a.fl.exible menbrane. The

ol ur ol 1ty RGO Wi ARG Bha o el Bafigr iBiheC bEpERE M g phdiprme

about tw @R hasiz¥taliepoRGor. MEhdAnAGRE bhMe®@bortibd @ hal® a ldi8ed ravaE asity jhadEre

of the retaining ring. The plurality oﬁhg}r?ooves in the | ower surface
W

of the caPithdhe ppwgrorign than al itymaefuig dopreittal parfornf Thy thesgeytarpost
the | ower ' r WAl 1 .0g. 0 ' { .
more enbodheHrS iz A/ EhAIUNG the At dolatindy BTty
drawi ngs etendihefrdesthe iain pertibe) aiverizOhfakbporfieatxiesding Gbjireht sertigalchortion,
advant ages of .the inventjon will be apparent fraomthe descripti on and

dr awi ngs, 2haithekoRmERNEdNE PRET eqseSERIPRERN P PRAM KRSSeIp derth gk e mpy
shows a sgheditedGo §basSass&hiblyO Tk htisHtA poftidrahhy RivelGAhIRF AR kA han

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, 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
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to the present invention. [0022]FIG 2A is a top view of one
| npl ementation of a retaining ring. [0023]FIG 2B is a bottomview of
one inplenentation of a retaining ring. [0024] FIG 2Cis a

Cr0ss- sect, 5&3%% a‘éé&‘@(d?fexﬁ)”ee RS %ge@fl&%n fle 951u§ﬁrb%&€?‘éeﬂ'tﬁ'§be[s ASembly and

[ 0025] FI G i 8 8T 0S8 seetionar Vi'ew of - ano | ipl enen

a retaini fig seédid. flexi1e Afehfbréne f3fnd ﬁx@rds@.ﬁimblewhmhbmeThB‘ﬁmﬁﬂﬁrrbtamuﬁg‘l
of a flexible nenbrane. [0027]FIG 3B is a cross-sectional view of
one i npl eFBA NS WorangElag coneenirig Tecesses 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
its outer diameter. The second flexible membrane has a main portion with a lower
surface to provide a substrate-mounting surface and an outer annular potion extending
from the outer edge of the main portion, wherein a juncture between the main portion and
the outer annular portion comprises a peripheral edge hinge and an annular recess above
the hinge along the outer wall of the outer annular portion. The peripheral edge hinge has
rounded inner and outer surfaces and is configured to be compliant.

[0017] Implementations of the invention may include one or more of the
following features. The carrier head may further include a housing portion to be secured
to a drive shaft, wherein the base assembly may be connected to the housing portion. The
carrier ring may be configured to apply a downward pressure to a polishing pad. The
downward pressure applied by the carrier ring may be greater than the downward
pressure applied by the retaining ring. The carrier ring may be formed of a more rigid
material than the retaining ring. The grooves in the annular lower portion of the carrier
ring may be at least as wide as the grooves in the annular lower portion of the retaining
ring. The carrier head may have a coating comprised of aluminum. The second flexible
membrane may have a plurality of annular flaps, where at least one of the annular flaps
may include a notch positioned and configured to reduce downward load transmitted from
at least one of the chambers through the at least one of the annular flaps to the main
portion of the membrane so as to reduce compressions in the main portion. The second
flexible membrane may have a plurality of annular flaps, where at least one of the annular
flaps may include a notch adapted to allow the at least one of the annular flaps to flex
when the pressure is unequal in adjacent pressurizeable chambers.

[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



menbrane. [0028]FIG 4A is a top view of o?ne I npl emrent ati on of a

carrier

ring. [0029]FIG 413 is a bottom view of one inplementation

of a carrier ring. [0030]FIG 4C is a cross-sectional view of one

i npl ement ati.on of ier ri Q31] FI
cr oss- sectae pedal dsertt pae Ther SRRt

4D.and 4
gt surface spnigyied to

[ 0032] FI Cgrefhierchtidnshriind iifs &g b8 Sulss@atd tdRahin\th&Whs@ite, an outer surface,
| npl ementations of a unitary carrier ring. [0033]FIG. 5 1s a partial

cr 0ss- sectnbnliwey seacsfto gorithe i polishing pid. ables cqroe3 M ghiasan gries serfaset t om
view of a_carr

circunﬁiereerntizri‘i‘leyﬁf:1 sdu'rrounding 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
grooves in the lower surface of the carrier ring are wider than the plurality of grooves in
the lower surface of the retaining ring.

[0019] Implementations of the invention may include one or more of the
following features. The carrier head may include a substrate backing member having a
substrate mounting surface, and a load from the substrate mounting surface on the
substrate, a load from the retaining ring on the polishing pad and a load from the carrier
ring on the polishing pad may be independently adjustable. The substrate backing
member may include a flexible membrane. The plurality of grooves in the lower surface
of the carrier ring may be about twice as wide as the plurality of grooves in the lower
surface of the retaining ring. The plurality of grooves in the lower surface of the carrier
ring may be aligned with the plurality of grooves in the lower surface of the retaining
ring.

[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.



[ 0035] Li ke reference synbols in the various d;amﬁngs i ndicate |ike
el ements. DETAI LED DESCRI PTI ON [ 0036] Referring to FIG 1, a substrate
10 will be polished by a chem cal nechanical polishing (CW)

appar at us has rrier head 0. .A descri.ptipn.of..a CVP,
ebpar at usIBBT bt ofE 345 Bliep Vi dine (@b EERH B YRR kbR arhbrane.
di scl osur geef7] Whi ChFI@ 36 QrcpkaAt&bnBEYiek b BYe B1emenegon dLOBATIRE
carrier head 100 includes a housing 102, a base assenbly 104, a

gi nbal negleadran® 106 (whi ch may be considered part of the base

assenbl y a | oag chanber 1 a _retainin I Ng... nbl y

i ncl udi ngﬂ@%kt ai ni ﬁgéﬁ%n% N300 iyt e ApbERRRALPE oA REHBPARE"LY
shaped to[quzoyi de aRI@ABUkaboabaNer oBbhk intpleenthtedn 4 @@ ingand a
substrat e backi ng assenbly 110 whi ch includes a second flexible

nmermbr ane B30 hat dE¥G.AESs & cprssmsagtiongl view of ene ipplompntatimefvpearger ring.
O her 1 ‘o . . . e .
nead ey NFEund | BRGaD W 4 GRR ARSTELRE 8l Be S nghaiddis ofa

2006/ 0154648 ler tile entire di sclosure of which is incorporated herein

by reference, [0038].The housing 102 can generaliy be %jrcular I N
shape andlW3Al be cofH&d i *iqng 44t #r¢@ cspramsectianal Gews af pplpmRtatons ofa

during polj:s Revied B85 € My be passages (not illustrated) extending
t hr ough thé%u%‘iﬂﬁg 1%2 for pneumatic control of the carrier head
100. The HH88] assenblG. 134 pastia cvess-sec@nhlyviewwdblflexdbésmainbyankocat ed

beneat h t usi ng .. The_qgi nbal chani sm,106 permts the base
assenbly Eﬁ'ﬁgfo gi nggg%rlélagf)ﬁ%@ Vﬂ%"f’ﬂg‘:%ﬁrsl?% * 102 while preventing
| at eral _rfmasgﬂ of t Pfeha®fends SRIBAIY inlB4 vEsbRldr¥Rink? iddi@itd IQksdIfferk02.
The | oadi ng chanber 108 is | ocated between the hotusing 102 and the

base
DETAILED DESCRIPTION

[0036] Referring to FIG. 1, a substrate 10 will be polished by a chemical
mechanical polishing (CMP) apparatus that has a carrier head 100, A description of a
CMP apparatus may be found in U.S. Patent No. 5,738,574, the entire disclosure of which
is incorporated herein by reference.

[0037] The carrier head 100 includes a housing 102, a base assembly 104, a
gimbal mechanism 106 (which may be considered part of the base assembly 104), a
loading chamber 108, 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



assenbly 104 to apply a load, i.e., a downward p;essure or weight, to
t he base assenbly 104. The vertical position of the base assenbly 104
relative to a polishing pad is also controlled by the | oadi ng chanber

108. Th bs b 110 | ud

500 wi (1 SSPOHE B PR MeB0E Rt RuAT B PO hgne G Reitoy
a substraj@, Ifye &&Q@a‘i’bﬁ’aﬁﬁ&[ bf t'ﬂg bh@ d§§e§iﬁ>ly 204 2fative t8 ‘d%hﬁlﬁﬁ%pﬂcﬂls QR8 be
held by a retaining ring assenb anped to a base assenb 104. The

reéI ai n:c lngccmtwgleébsélm)lp leanhambenfdg&t The suhgtrite barking e&salinhIYnUOrmfﬁgdeg@o
0
The retai NRBCI G200 LN ha (UEhBREAHRCafibrREY S oyl R

menbr ane 36ghsaaR 1¢)onf| gured to be secured to the flexible nmenbrane
300. [0040] As shown in FIG 2A-2C, the retaining ring 200 has an
i nner sur 4381 231 aRafer BRI GSuZ AR, azbstratn 0 ¢anrhey held by asdiainme ringn

be confi ghgsglﬂ?h/ 1éihu%e°d+ﬁfa%ra§é‘£§s§ﬂr}gﬂ§rp@lﬁ{ ;[ﬁgli]&aﬁn}%% rﬁ%ﬁ%sa{]bl fipgtrate

10 to retarn strate dur I Ng wer s ace 232 of

the ret ai comguctedGodODretAMnReingR00ghd aiflekiblcraanbrine 300 bhapep ol prokidegn
pad. The retaining ring 200 has, an_annul ar upper. suyface thé a1
have two HHWIAT&ZPAEBFN e retapingging Jcanpraesitigngdpeneath Shcksiblec

recesses ﬁéﬁng%’é 308 aﬁ&%&%%ﬁ’ed ARILAfkd W eﬂ%x{blfaeabﬁb&nm@rane 300

positione ove the retaihing ring 200. [0041] The retaining ring 200
can be cofi¥dflict ed Aschowmin FiGh4;2@ thowtainiag ning 200 hes 41 mne2Buifaem2B lan

ot or i a4 TIPS SRR o T REF PrTRE0 L i GERTeddt RO R e tally

plastic, gfbundPd Y s Eratl f t'oq'@taﬁ'l':fﬁcs)subsEQl% duﬁﬂ@boﬁ’ﬁﬁﬁg Ol“he%BQrU} d
al so be durable and have a low wear rate. In addition, the | ower

portion s#wsticd 262 of thiefretaingng tiye 2Whgndedirglght ingo cortactotit fathbmgmaé

Subst r at o EoHTHESR 2R SEHR BN EelER: CRpaFEURF i cqpeenti

shoul d noteceRes?3 X Hithé @nﬂLﬂt&tcoWedesﬁéseBSLHaﬁ beRiZed & MmerRickwiG d | Ng
causes the |ower portion to extrude into the substrate receiving

recess. THexibloweembrape pefhpesitianeg abetedharaigning s scd: have an inner
di amet er Ldbﬁ@]nl argeg éﬁﬁ’ﬁm&}?% ”g%ﬁtcﬁﬁBgc&H &[fron?tvgjalil e&g%ﬁh& [}

| arger than e subs rate ter, so as accommo 0 I oni ng
t ol er anceportibn B¢ asdilas typpak entud@diontdors3Et €rhe IEHver peation 23 hcanrberfgrmadof a
have a radi al ﬁnﬁtlﬂ of ahoyt half an inch. [0042] The, upper portlon
235 of t hBateBghRichds Fheqycaiyonerhi HEMIMREFS o ch anaPRFTaE-&hat s

more ri gi gol teae sﬁmvi@tp r t"['h@'i‘o gmnidheshbhw s B RIARAL afPRaRS Bw

net al |nI ess ste num or alumnum or a ceram c,
e.g., aI uwnmrateorln addigon ethelmreapyrtwatshouldlbs sufficiently compressible so that

contact of the substrate edge against the retaining ring does not cause the substrate to chip
or crack. On the other hand, the lower portion should not be so elastic that downward
pressure on the retaining ring causes the lower portion to extrude into the substrate
receiving recess. The lower portion of the retaining ring can have an inner diameter just
larger than the substrate diameter, e.g., about 1-2 mm larger than the substrate diameter,
so as to accommodate positioning tolerances of the substrate loading system. The
retaining ring can have a radial width of about half an inch.

[0042] The upper portion 235 of the retaining ring 200 can be formed of a
material that is more rigid than the lower portion 234. The rigid material can be a metal,
e.g., stainless steel, molybdenum, or aluminum, or a ceramic, e.g., alumina, or other

exemplary materials.
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f0043]Vhen the two rings 234, 235 of the retaining ring are joined,
t he upper surface of the |l ower portion 234 is positioned adjacent to
the | ower surface of the upper portion 235. The two rings generally

have subs ally e di.nmens,i o0 t he .inner and. oute
drametor o GA3] hei T WeRdBR TSP 28 Shine Rl PR edte jofiye ths gppery 5
forma fl pgihcsBf firdewshsdrtol D4 fsWWasitioNgBad@ent 33Rc IRRE siifesR Jf RRYupper

joined. [0044] The two annul ar portions can be attached with a bondi ng
| ayer 236P¢réion@ds Thetwo Hogescantally hayasubstantidly the sane dimenyions 2t3be inner

bet ween t ] C [ %PQ' . e |.ni ng
ring. Thegﬁ%é\%?rn%&ﬁg%a&gtg%r géﬁ%ééﬁ 0 %ﬁ%ggﬁaet?ﬁ%g%%% r2|t3gf ?3%213%#&615
a sl ow cuflusgigsuwwfacawhagtthe€ te figessd3ax 35 Heghwhichithey atdiBe®poxy resists
degradati gn of the bonding | ayer 236 due to high heat during the

pol i shi ngl{¥dkess. IThe B&e anpuiaripRpiassar Be atdached wHE adwadingilaner défes

I d . . . . ' _
Port 1 on 238 seh e Ml enGIAas. ThERARIERyUPPRTUEGARE 151 rhirealf e,
sheat hs ( peverthappingtod shueyen te: fetatingeng., Thelbdndasg lagértcan beatalesf anr

ot her hardyare, forr&iggg}ulgl ng the retaini nsg ri.ng 200 &ﬁg the flexible
menbr ane 3FSFESATEYCABHY EOPTCUIRROT RAPLLUDAS ALY SRER FERSAIEE SRRty
around t hgsofset RlsPidRGor bitlle BBﬁ’diﬁ# BayBOSid ARG Ui dhAtUL& R Be hYBshAY PthAss.
concentric recesses 233. [0046]Tn"sone inplenentations, the retalning
ring 200 heeeroneimplementatigisuthe gpoxyansipdes padyramde hgd dfthafioammedsi n t he

| ower sur 232. e slurry transport chann ext e fromthe
et di aHBRSH >0« B Bt cs R BT e BATEOT ansPap 5Ly S gpcesses
al l owi ng &t hméyzﬁzqym@we\i/rsﬁéatﬁmOﬁﬁo%Pwrewv& PRtehBisefuchlas 8bltd, B&rews, or
retaining ring durlng polishing. The s urrg transport channels 222

] i

can be eveWeyhagwatsdionsennias tieretdning inagov imge flexible mewbrape3PAnspor t
channel Zégsit%ﬁﬁ{i 9&80‘% ift_l.s ?h% ﬁ&lﬁs‘?@l Z’i{]agxlb% evenl 'sHac%ﬁ ’arJu%ld?l%é %?aiﬁig%}igg ﬁn% pre

radi us paSsing throug channel”.” The chahnel's can have a

about 0. 1p&sifidiet @stwdel Qe iwWoanmale congeheitaateasds@8s, the retaining ring
200 has one or nore_through holes that extend throqu t he body of the
ret ai ni nglQ0dAL f r ondt 39805 impdementatipng cthe refeinig rE1g 200 Tas gae premofegyurry

o 2400 g e TR (oIS 0T e s

during pbb}itsﬁﬂ frgm tAdmner diameter to the outer diameter of the lower portion 234 for allowing
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, é. £., 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
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thrbugh-holes can extend through the upper portion 235. The t hr ough
hol es can be evenly spaced around the retaining ring. [0048]In sone

I npl enment ati ons, the upper portion 235 of the retaining ring can have
alip 237 aut.er.. sur.f.ace 238. The, | .can have hori zont
lower sur harti FttOP g%r thg ueit%mmg g ngmst tH(a \togj gPer hze 6f fhe'LRirlef rng %o

non- hor i zma&etu@n@n@wéﬁgaunﬂ@@bhﬂmegaﬁ's}@@ provi de a hard stop
for the retaining ring against the t?% I nner edge of the carrier rlng

400 as t htD0EL ai ni nip yamymyRdementatinns ige Sulss syréace 233 Pf diupger Rauiarmiih
some i npl efeaLat) 8&5&3%2363%0%5@& 111?%1‘ g@gp%ﬁﬁ BIfthtefb%te&*B fcePBbd @@rh%%?

can forma recess ove portion o the o

surface ahmused heativiepo itlse Ifcﬁﬁ@i; stile b&ieﬁtuﬂ?&e belowtﬁe pipy.t Tids r@;’&sstm
outer surface, bel ow the I] This recess, 246 provi des space for the

i de. val | Bro¥Bles spacefer the side B‘raéls refBF BRdleaile mempeme SQR Enrolhwhenbfber

350 is evgge£dso ng,ggdaltéabsorre i npl enentations the upper portion 235
of the retaining ring can be wider at its |lower surface than its

upper sur{t0s8] For m(smqnﬂ mplelhentatnms thesuppfeapatiai 23§ afitheasteinang mgea:aadae

region 24 i nwar havi gcr eas di.anet e

op Lo boPidstAREt ek bk e S ngPorirap. TS oRR e e RE RN B
be adj ac eHévetanﬁ?érQ(Y‘Fé'glo‘iméfoas‘T@peﬂfln\tvﬁ}%l}W@ BEhaHRE Hé&@as?r%ﬁiiaﬁli%r)' i fop to
surface of the Tower portion 234 can be verti cal | ower

portion obottdme bclewaa Yﬁrhgil régen Mr’ﬁledaparc@regums&%aaae bpatljasdnt mbgp Iowme
narrower uppe urf ce he reta reven
ol e ok of Moo Rt RaR25% I b g uRtee'S e B ROE R ALER

surface. {étisgddinsitRlowen psﬁm off FFR remit @fih © B8ars dafing Qﬁasfr@te%h@mng, the
surface of the retaining ring can be coated with a nonstick coatlltrll)?ﬁe

e.g., parpaegeer uppgsnngrsusfasaot thprassining smgdneyentstyssen on gn pdiacen Hex
upper sur In%ﬁl%re% tltlaﬁ%rowdes a substrate-mounting surface. In addition, in some

implementations, the entire outer surface of the retaining ring can be coated with a non-

Praolv

stick coating, e.g., parylene.

[0051] In some implementations, shown in FIG. 2D, the upper surface of the
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.

[0652] 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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| ower portion 234 has a projection 244 that extends into a
corresponding recess in the | ower surface of the upper portion 235.
The projection 244 can be annul ar, e.g. extending around t he
retaining g and a siti.oned.at th n surf.ace of the
et ai ni ngHife B TRE T o R Lt PR ife? CHRL SRR 236
can ext enl:hdabéml@mt logding b the\/refaim@gahngvaéd allhw &d]ﬁlSiHhOltﬁﬂﬁlngiﬁ tﬂélﬁad ddthe
operation, this step feature transfers shear force on the |ovwer
portion 28RgFieaih FREtipping s fexiplamanthrenedatuecsythe rtyniag ring and he carricr

t I
vertioal Bl 30RE of DL GELAAR: eI gBRI A SINSL BOCHE Al
240 is il bmltsrwahﬁdthamgas fir@tlytsBeuredppehe pafriet lodad 2 The atinaeedh of thés carrier

projection 244, byt the tapered region 240 could be part of the |ower
portion 28torigonyredugesthe yiexen wear %@e BFtaining i SduEsSaROEAs vEBbIHY ghthe
t aper ed. L ptanlg

t oget her %%rg%gt]te-r%ggr’ gfj g%%%q?%bﬁ%éégglﬁ%? %S]%he 1??% e%eg’l e men%%1 an%ﬁ%gz}le'
i's configlsd] t o beAsIshowaeth Bty A8 ahebﬁ@e‘blammﬁrhge I(Mhaa mdneatriorieder

bel ow t o an annul |n| 200 di ng an annul ar chanber
280 abowerithapech w2 i g e SO0 o AR gAplar s 322
pressuri Z@ﬂencﬁﬂ@h@ﬂz%ﬂéﬂlyeanm@e&@ﬁ Py @ %dé@of’ tl:iEl §RERANNELY. The flexible

controll able load on thé retaini'ng ring. on the retaining
ring pr ovmwrealelcaabe rlampeg &t & baneragsepatdy l®4=1dz®pemlmp rihg positignedrbetdvethe

wears, poditTSaTRG e Bt BORIE Sehmrerie Dlrilon 6 AP P ig® ol

and the ca[dw@rsum@d ToRfe d’aﬁdﬂé@@o Qhm@hit sHnb@itac E‘)%@dﬁlﬁﬁ@mﬁ Slteriig | er
distortion on the retaining ring which occurs en thering is

direct|y dewawadhtdomike @mularéﬁwwatfacenféh@ﬂmbmn%bram Tlmsg apla er
distortiog, & % 0ibdfon %’ ‘8 8 hlﬁo fﬂ?e HiaP ddeRfic (LEANSSS3 in
y] e PES T Ve

process varil a ena

pol i shi ngtheres smfaes of mehetauﬁ@nng m(w p@ﬁicﬂ@d beiagz thé flexiblemehbRDA] As
shown in FIG.S 3A- 3B é e flexible nmenbrane 300 has concentric inner
and out er 0&5&19 wal | $hes sxiblpaernbrage pGoBrET ARG sy an be famed

of annul age n%lzt%ﬁf‘?é te% rﬁﬂﬂ@ﬁ‘lffg: tﬁQPﬁ:ﬁ'lblréheq Hek mﬁ\@érg)lr% bshireOhE Iaglsttl@ p

edge of t e SI 477 ex rane can be clanped to a
base assenﬂateyiall@m ngltite ﬁhcdmrmudro'ﬂrag epasplaiyanateridel ow t he annul ar rins

322 of th xi bl e rane. nal | the fl exi nenpr an

has o 1 owOSSEr T ace TRGTRREE MEiae <150 el Heaiore B e Wg]%égp\%éﬁgé’
326 ext englhOgrAPHHORSAIY chh B%&ﬂ?@o&ﬁ%{v@éenltﬁ’é’ﬁo Ahfaaeen@htricWRojections
fl exi bl e nenbrane. These annul ar concentric projections 326 can be

sized to $3Gaidwap beteverdpinpdcad atond gt loiver swbes sbtheZBIiblamedransp The
surface of t i.pi N sitioned w the fl exi

reribr ane. CTOEARTS 1B piso Bl BEhd AuEH oy R ekl oh e hgeware,
assenbly fRRedRinkhdBkiBIE nfenifhes 36U tolthetetdifing iag L0, Idddnavi ng t he

menbrane to flex under pressure. The elastic material can include

si | i cone HrRlemenationsx©risrue fheibexable membrpmod)| twitke tetaiping sog R0cnof
the flexi Q&h%mqg rrebé aﬂ@ctﬁ@@s bl@géd”’ gefhé;f*ecgs%sailf%c? Sne ngy 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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The circular holes 312 can be positioned between the two annul ar
concentric projections 326 and can be evenly spaced around the | ower
surface of the flexible nmenbrane. The circul ar holes 312 can

ecur i ng PARORT S BR R NE MR BidB b e YR bRl U AR R,

i mpl ement fdoivenp and doﬁﬁﬁﬂﬂ’e@pdd@etcfIbreg(duﬁlthdﬂi&:ﬂ‘iéﬁfﬁdm@tl&gﬂfﬂle chéigbdretsai ni ng
ring 200, an adhesive ., Loctite, 42' aced in the recesses 212,

and one- vx)é{}th@ér%hgma%bﬁllﬂ%rqfélép fithe ‘é’ﬁ]c}yhxf e Imsomsserahoptimgnts Hle prayarh| e
menbr ane églg 395% gﬁ&?ﬁ{a}{k laee&ﬁﬁss?ﬁ ?Zf]tﬁe ﬂ&ﬂﬂ éﬂ@ﬁﬁ ¥ fnlar

menbr ane can ctively pernmanently 10|ne retalnlng
ring 200. cdrﬁ@ﬂﬁbbmJSQMS Bn@bmmmmrﬂmmmﬂuﬁm i nner and
out er sid I'ls Sﬁéﬁsgdﬁhe flexi ble menbrgne 300 can wrap around
bel ow to alo ?‘&Eaém\‘i!ﬁt“ﬁg&qp%%? fefdpgetaing su ’é”FP% %“

flexible
porti ons zgﬁﬁéﬁﬁéi?déﬁ??ﬁés@%mﬁ%ﬁﬁ e Ao s e
ri ng. Therefereneng ofthe t:ammsh@ﬁ&o plrecsnrfdee af the pblishgngpadg dn wliditiopehercdarsier

t he bottonlof he fl exi e 1o nove and .down r onse
Lo press g 490 giitest R uBFORAGH Teisiencini s Ll B Hheapo. ThECHIS
subst ant i ghg o B REfiREred REciRIuAFeBlidIBy stedbund B rc%@iﬂﬁl JOTENkSthet he
annul ar rlms 322 can be thicker thanthe side walls 324 of the

flexible mmngmg, thidovagrisutfage 433rdéhe eargenming 406t daphs beRght ito edrierctbe
t hi cker th g 0§SS| de (¥1\/al | s 324. [0057]While the retaining ring 200
is confi g‘d &K }‘nggfl a substrate 10 and provide active edge

process cmosspl, thaseRdwi BIFIG. 88-4C)GhdéRMerdas 4D0Sdah hand ffaiular upper
referencing of the carrier head to the surface of the ol i shi ng_ pad.

I'n addi t | BHtion A3l aad an armular hgveraorésit e tHheamerRation mtl@rmnsmoned
referenci c tl&%e %%Eﬁ'oﬁ)t L e{nd'?:gn ?19\96 rogg(?e ﬂmesr aI(H | % g&gb%‘ﬁi ?_L}t?(re

configured to circuntere y surround a retaining
the ret ai diamgters oiis dpper suofaee 43411 Tae énrdd diaafetdr b€ theakecticar ofithe pwid Botivn
be brough into conta t with a palishing pad. [0058] As, .shown |jn FIG

4A- 4C, Zhpt somfacts t ar%@emsmgt?més aﬁtg Laraen Ehap tagypyier digmetebet 981 and
an annul aassbama geﬂrohlo@wét%mﬁ AnAPAle rgfa{rﬁﬁ%@naéfélabsama%nqﬁai Mc&ned

beneath a base assenbly 104 an ave roun portions along t
i nner andtheu ﬂearmda:radmhﬁmsofdhe carseuprewilbbe dtmneant Bh lﬁge" thmn‘éne substrate
di anet er Pf the secti on

t he th h
oo o Rt ek BB nheh Bm e ot aBORT LR ¢ 30 tnEhiaiBi b

associ at eE)OBQIt' on he fRr E@ﬁ@h%ﬂ@aﬁ hiM a debess R81 Eﬂ%ﬁl it lo0&r HiaRebtdra40.
about half an inch w de, en the inner dianmeter of the carrier ring

wi || be abberecess 44hehn badgfénedthymvetrh@l sufsedl extending éoanibiedottam

[0059] The T Spar Bfbhrdte BER Hh s Bendtp bauOh o g 20 gb i chea

di anet er dd4fice 444 connectmg 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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The recess 441 can be defined by a vertical surface 442 extending
fromthe bottomsurface 433, a horizontal surface 443 extending from
the outer dianmeter 440, and a sl oped surface 444 connecting the

verti cal rface 442 to the horizontal surface 443. ,The w des art
of the st BESHE por ¢ PP SRR deshtvn o B 4P a8 SRR Ca
be at theinwpp@l pRtiud@sofePin thd Rvwer Ppitida 4SUliceahdfther sttfict 83@! In other
portion 432 can have a rounded gortl on along the edge of the outer

di amet er Waempriations, proshonorin LG, thecearuier 3ing[hae 80 jnasr séirA 450 whidb is
4D, in so i.mml ion rec 1 r fined
oDl e S BB R IS ROk by Ehehseg Rl s

have a hobsf thedirder HagwealthdlgH RI® 4AEand ippedtes disinatepicediing tlioyastddnner
portion along the edge of the two surfaces. The w dest portion of the

annul ar sw&%asglssl bg appkicablerte @ taPHIaY rigashawn it BEES. decand d)ofThe fner

| ' -

4955, P LobifRe 438 saARodhaldlPnbANGS ISy E ARudhe o f ML RineP bitfhce
carrier r#3adjaxenatheilowarsdtficed3Btbeitd inglisdde Thenmialier ihnwwaiiameret adjarcd32

e T ot b i dEe R e s Rk
per pendi Cilofifng oRfhelifR SRR EMoRY tlrléq@anqﬁgflfg&ollétﬁl%}:l}' ?ffgli‘["%ﬁﬁg ré@intd¥ring

| ower surface 433 of the carrier ring (althoug
i 'l ust r at 280, and prayides fhremasisiengy, inttheloshiiped dontaet betwedirthe raainlng riog and

licablg t t.wo- t h in FIGS,. 4C 4D) . The i
S0Pt ace. 4B el S PR el e B i Bl e
of the i naghitied) plReMeAI tidicAGRNt thdBottdVBT the YhfrRE And 3dh Aol ad torqufiélg of

inclined. The smaller inner dianeter adjacent the |ower surface
(whet her thgecteimingyengdwhen e retaipingreng eonkdctciby cardenting elntsonisi gher

i [ | ler. ri | | |
ot er encerplanFi PRl B oRaGSuo S 41 s Eiluedlio 3F oner sEeToit ¢ ne
| ocati on gbhmetntiaeithdeppee enfidaaln ef eienipper pdrfign ahd t he carrier ring,

even as the carrier_ring wears during polishing of the substrate. In
addi ti on, [0962k enent The carrer singgairhe aftachaddo pdascassanrbly 184 ¢ Seperally, ththg
can prevept..LOFr ok 1! i ng. talni ri
cont aot o a3 fukd ) &6Bhdh abi 0 ol ElAhB M Pt
433 of t hsubsoaen0pdht upper4didnats | afsiedadnéer im0 wh amdddercylihdmica he

upper surface 43 f e, er portion 431. [0062].The carrier, ri
can be at FREREROY @?%ﬂﬁ&%gw_thfdw el Qe 13 fretepersa$ogh o5 bels
is configurags P oftier hauRErafdr8baib ek L& &%040'11)'19 aMake ARemPNt AL Tfhég

edge- of a substrate 10. The upper portion 43T of the carrier ring 40
can i ncl ubdes413 crdrticcaknlyepacsd epuvod theodamserdaig. intsbms anplemshesions thenot

shown) to,_recejve fasteners uch.as_ hol ts, r ,_or e

nar dvar e 6 FLh R RRR avenR iidthial Guirdis 85 S Wnaediss aLnEpr vt
The hol esadshdwaan Fixs. Ay arRlhblERas B IRARY @Htiiegl,ealfo% FheSflat b vagsutfAcsSITe

i mpl enent ati ons, the holes 412 do not extend over the horizontal

sur f ace 48ddigpnalhe oneerygreplipnmenrfeetuegspiueh ag spesossroTiprojpatiens 4t t he
hol es can 0 entire above 1 f | ower _surf.ac T
Add ¢ onaoy AR e To AT iRed 54 (Bt v B R 43t (¥ Sy e
proj ect i ohg dnndignsBaNbErtuRathedasd Beatislg 100 chidBaePcostéspir@tndmd ok maee
upper portion 431. If the carrier ring has an agagnnent_aperture, t he
base asseWHhyhedignewat smerareaweay the Spssigsamplpil A4 erdearriat Eae 4 PFONCHY
alignnentmﬁggﬁﬁure when the base assembly 104 and carrier ring are
properly alfgned. [0063]1n sonme inplenentations, the carrier ring 400
has one o[0068) e t hr bigimesimpleryeritations the tarciberime G0 HdZneor irfvee thosdghm
surface 433 that extend fromthe inner diameter to the outer _di aneter

of the | oWBRY FaReRoEFhanTels &2 o thehptigmspiface  Pdhpaxtend figm thednner
exterior e 1d MeQhute? didtletdr e 1RAbWeLPorkibR 35 i NBwRRY JGRY Rasd 16m

the exterior to the interior of the carrier ring during polishing. The channels 422 can be
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evenly spaced afound the carrier ring. Each slurry transport channel
422 can be offset at an angle, e.g., 45, relative to the radius
passi ng through the channel. Referring to FIG 6, the carrier ring
channel s ' i h ehal ni ' .

cmbod: menf oY facBEaBlheRERatler Bok 8lrY B0 R LA AT REE b SHREA®
ret ai ni nga amge, @ Hie] 122 to dlelradiinpassingthinpugiotheabsnmehr Referréig] ty HIG. 6,
the interior of the retaijnjng ring_200. For exanple, the carrier ring
channel s PEFELH riAgFaancy ‘dirappe Fherad wilpthereanag igdeapsls boivee

i mpl enent g, glients e Caffck fio Chi@ert092 RAS RIRE 13k B eairhﬂg ﬁygh.h&}ﬁakﬁs
that extend fromthe inner aneter to the outer dianete r

al | owi ng 82yntlgworg shitry togpapaserd freahy tdthe intemori odithe @tdifisg exg @00.0For or
fromthe exteri to.the interior, of the carri ri urjng
pol 1 Shi ngXaHRIeLhs SATERL e Shanhelf 423 FasrhAvE RPB Gk P ket bHeoRS: t i on
431. The {oveapah holLonedimden&any, e assd: ﬁﬁ@@(ﬁtﬁhéshﬁle%@h{dr;@fhrédghg-
In sone inplenentations, there are t hr ough holes in the carrier ring
but not i holehthat exteridifrery the mger ditmuster fol the dyteedigmetenderedlomingslerry or air

cl eani ng stem that .is r.ayed throuygh the thro hales in.the .
carrer oS bm B8 TR B rtad Rt g el il P8Rt Porige
retai ni ngrifg BGring polRkhitpe ahkMrohflehsBRES H@dnERRAULR EeGRpEt SUTtibh AYL.aTkE
retaining ring. In other inplenmentations, there are through holes in
both the &ﬁwa%érolqﬁiqag bpgverdpspaced ateand theaamigiging) Ay soraptmplpraentationsgh
hol es are ' ol d t i er
ring and #%%aé %gtﬁg?]?@n%&?ﬁtlﬁgthy#agné}du%%tﬁﬁ%ﬁ%@&h?%@%’%ﬁgg}l@hﬁ t %?Ll{h&g%.g.,
hol es t hr augh fiohea dasgihgsysténngh#tGOseayedaRrouple tikahiuigh Holes O thelcaieler ring
t han t he through hgl es through the retaini n% ring. 200. In sone .

i npl enent ¥ilf B Bushed dowpwardiglong the outsh swrcs o1 Msrewining Bpgdhus desingribe

portion o I t Rall -] er
Phan ©hr otk PRa Searietar i g Thd SRR, IR hAb SRR e 2
in sone i thodugmsmiestin bok, the bariappeg bytant imothe 48dino@ridzamed the throwslr kidlys

o0t Uk LB, RO b8 pTEE BUELETEy 30 TS AR Rl

edges. ThQlcﬂriﬁlbféz@n%iohéﬁhéﬁ%l%ﬁﬁmt@\fﬁmﬁ& {RRGfred ARG CafBdide shile O
| ess than the inner dianeter of the step 432. The Iip 439 can provide

a hard st wpth or wirdgagentthe thrpyghieiesitoropgle therretaoveg vxg 200G lorsoofe t he

retaining.rin 00. In i npl enent at jons, .as own .by FI.G t he
carrier r}mn%l e‘%@% at?%né I(Euta‘céfs)[@bi’ HBgugqﬁlqtl?Sn qr%ﬁo‘gneg P'é%}byg?falogﬁ%ge
i nvwardly R&wlidgudoNthat firohads theRetadify @id) edthé ﬁﬁélﬁﬂﬁﬁﬂ%ﬂ&h@%‘i rA$ngSifRIN
by FIG 411, tguhe ianller s_urf%ce ?)f t“%e cé;rri ér ring 400 has ?)ot thIan

i nwar dly 088k udi ngRetuspngto Klike4Aotlerin pene itaplemsptations, thesipppiarpriiomed]
surface thatylgah ﬂﬁbdrﬂ%r ﬁl(@é g@@% hfe&% l?tggﬁn%ms&r ac%%gfgx&g%% gle{lﬁ)eﬁa%rge

i npl enent ations, shown-in pper portion
| ower por terdoal4didr ofalltang remrded @ortionn gloay 6is ppke adl 1eivdrfedpentThe protruding

mat eri al s, The upper portion 431 can be fornmed of a material that is

more ri gi dP fFRARAE RveRBWRReT givmstes saual Jo onless thag the inpgrakiameterefifhe gep 432.

netal , e. ; G i rani
g al urnip 3 PSR ary B KRR 7T pEEh: erd Bl e
can be f orat@ndlingfring 2081t & saxhe istpledentstiaiseas shatvinybyi F16r 4G,ithe earfibRing 400

rocess, su | gsti.c, e.qg.., polyetheretherkefone , carpon
Filled PEEQf“%?%aé?tﬁﬁgP‘j%FPFWB S'%E%R%ﬂﬁl% YRSy ROy gIEr D 455 TR somteoher

conposi t ejfREREhtdions, 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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[ 0067] When the two portions 431, 432 of the carrier ring are joined,
t he upper surface of the | ower portion 432 is positioned adjacent to
the | ower surface of the upper portion 431. The two portions

general ly Fal |y : I i O t he.: | .
out or ci St S SERHATGS Finpterk 0 TR EHER PRSI A MR AR
431, 432 fmatedabcdn heshmstal,feag estahlessestécendlybdgnand, opsiamdming, ofAZermet,
when they are joined. The twg annul ar portjons can be attached with a

bondi ng 1 &@eAlEERa.NEOleE Axemplary maradenThelopes padion4ga san e formedef a

portion 4 : : cigs : 438

proj ects @é%@ggpﬁéﬁ ?]oe%h? ﬂglﬁ%\/\ggpor t?rg%-&EB%E?ﬁ% %ﬁgdgfé%gigé’s pondi ng

recess 43jpoliyethtiethedimpare (BEEK) onarbbdlfillciRERK driliba@tfilled PERK,ipslyamidimid
adj acent to the jinner dianeter of the carrier ring 400.

annul ar ste
The step épéﬁhﬂré‘ RFPoga BAEpwar dl y from a hori zontal portion of
the | ower Hf()'ﬁ'?ﬂ 432. Wi 1B &R fRAbW B 1438 WE%%&%Pﬂn%Qx%%in@&ﬁH@& er

wall of the lower ring' s horizontal portion. The recéss 437 in the
upper por suréace 48 thedowermpboni432 & pokidiostdepljfeent torthe W8T swhace vdthonppar

t he | ower rti 2. and er portion 431 ar.e brought .together, the
Step foat BEon4als TREoThpotBREEBRUY e mbsRlifly e SaRe glrdtrins ashe
The r ecesmmBindCaflerthidMBetdrstRrth&P Adjaent RRBIccSHHch AR RNV oFhoy@dsi4ea] 432
inner wall with a rounded portion.” I n sone inplenentations, the step

438 is onfopma fledhesurfaerewhelie dlrsctvor pagtionsHid 1) didemeetiwhpnghey aradoined. nldte tao
th t i anet er ' : i ' th
e out et oS o TR icnb Ba B A RetThte LA gL

recess 43duréces.he inner dianeter of the carrier ring. In sone

i npl enentations, the bonding | ayer 436 may extend to the surface of
the step HH88] n t heThelovies paripndgB2icar haverd sten feafusgy43§. oboftaghicars e
gener at ed_dur | - 1 f Y .

Por zont P hstnr e e 1ok Bndifbd 4 i FRrRBhAdp o8 47 i g,

t r ansf er suspee portioardGé. The etep Geaiire IS8 vearf anhakar step bjacd telihegnied Yemela s

al ong t he rtical in Il of the ep feature_438. The.transfer
of sﬁgar ?%ﬁ%(%@a%r Eaﬁgﬁés)ﬁﬁww brebs 638 ?ﬁg%‘ldﬁdﬁﬁ&iaﬁﬁyﬁé’i}% OFFEONFA BOREER
the |ikel ;h@etowd: gl an NakisRR efndeslpunes t}ﬁ.(?ﬁﬁérﬂ{hnﬂ%& WAILER thd fower

upper portion 431 that can occur In carrier rings wthout a step
f eat ure. Ahge hottmtdlgodgial Thereess 43 biitbeuppebpottive 43¢ comespoalls wwohe stap

of the cagrjer, ring.relative to the .polishi ad t carrier ring
’s or escotrehShast G e iRen iR pet AFHBS nad e L habE Relp udh i shiethc

| ower por tdgefhed B dtép fehRrdaFLLiRfinth Mg 16BRE U3 POF tHeMPpdFortida R di e 18fbss
the vertical inner wall provides a greater bonding area for the

bondi ng | 4y&¢ar4zae bdereealgippehuiriape prcha eertical durer avall veitlearqundedyportion.

interface, T | i [ | so r ce he |ikel,i hood of
bl o oo i sk it ARS8 935 U Sy AABYEER: Kot S R06: e 422
Further, #heishonstthigohtaydiaméBe ahang tHRnve ringc@b rhanefe walother bepnhs

stress resulting _fromuneven thermal expansion between material In
t he upper CBEpPEingrecessdegfures gther Hiaa thestter 438 andyeresad3 L etdhe innggdiameter

steel) an i.al: jpn : ‘ 4 g i i

ror e bomp!; aeariePting Jjr g BRI g s e fi6 AT ol €

i mpl ement atrfaea of the. step, 438Hothe rctesk UB5of the cadier aing. 4H, the upper

portion 4 d the_] ower portion 432 of the rrier ring conprise a

si ngl e unFq]O6§rLEde of Sﬁ%m?@aﬁge%%t@? éwg f?ﬁ@oaﬁ??f%vrra%mg&xeﬁts et

be { or Medr g, rBblihlayeh 1t BRETDO3hd Hch RElko s faCB B

such as a plzasti c, el.%.a,y pol yet ér e?her’ket oﬁ%ﬁ%PE%K?, gar r(S)n %?F[frged

PEEK, Tef Inbm@rhpichsrae fokteon the byadingllayexd 16RAT)g the vericelonparsivdlbof the step

material. feature 438. The transfer of shear force to compressive force on the bonding layer 436
reduces the likelithood of delamination of the lower portion 432 from the upper portion

431 that can occur 1n carrier rings without a step feature. Also, the lateral forces produced
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[0071]While the retaining ring 200 is configured to circunferentially
surround the edge of a substrate 10 to retain the substrate, a

fl exi bl e menbrane 500 provides a surface 512 to m)unt the substrate
10. FIG - i: ' o
rorbr ane. SOOC Trz0uBERpk S ofthe SR e by ARt B Blistup bEXAPRE carrerring
gener al | yisgyessed down handt theepolizhing paé id sarsfepen fropOthé2dvier indmn43 Ntofthés
5, the flexible nmenbrane 500 can have a generally flat nmajn portion

510 and abPS§@f dhe WRELPHOR AL B]nadéﬁl?n tiwéfeﬁﬁhmﬁ%rrwlbwosmsswredes a
substrat &gjﬁqg r

t he out erebe ge O@Qﬁréﬁ%@?&ﬁm@ér ion gggéﬁéropﬁleh%(g?ﬁ?é?%gﬁ?ggﬁ&t e main
portion 5Sibferfacd. T helemgﬂrémndaing afearalqncreduaamt}ﬁzmehhcmdm?elmlpmdnpjfehal

edge hinge 530 and ann recess 2, | ate above the _hi nge 530
al ong ¢ nofoutit epttar B SRt lwa?reﬁora?fhgflarﬂﬂ‘@w TP e 4&2@?%@5%
edge hi nggerR3q ik wWid\dBsoBs SR rQaltinaGhsm ﬁh&%ﬁ therfal &%@ﬁm@ﬂi‘get‘%‘é&{?r
surfaces. The peripheral edge hinge 530 and the annul ar recess 532
can be comftegialimdhe opize podinpl43arie.2., amcbmategatmmynmersysi@ﬂ) roddi ng
on the periphe f.the s bst te 10. The oute nnul ar rtion
S0 can’ rEERRL AR IUT PR B4 8- Aleigreid & Mo a abinRt Mle LiUrsa
confi gur epEEH cahd gﬁ@he out er annul ar portlon 520 to flex. The outer

annul ar portion 520 can al so have an annul ar steg 524 protrudi ng
i nwar dl y Hloaﬂb its Imgeate InWémeeﬂtﬂth?élS,afFa&uﬂmWﬂslﬂ@é §24E. . Ahanddid, the upper

nonor QAR 41 et OB R P AR R B A Do OB o

annul ar  f{hepame hgertohi Thoomitarp arbitOrig@tanBvrhelsr £earaal whichannul ar
flaps 516. The outer annular portion 520 can have _a pair of annul ar
flaps 526chenHealby At i 2 EMIHBrosess. wish dea plagtie. 6-& ol yihesthegkaiona (PEEK),

portion 5 h
B hi ok iy OERICEPERR, eInshaLpERK, bttt bR L o AREE wtdtih
to a base[(3EenDbl y Wirle m(srmhmvgmgzmﬁi ccﬁ1,ﬁgt1fed tolpipeum feremtib Ay sirkamd
can have hqri z on which rr mer i.e., d S not

ext end as"%Fgag‘? ﬂﬁ%ﬁ‘%’ﬁ ;tetl PISHE ﬂFeoﬁk]bF'tmJ xiblp ﬁ‘?fﬁ"ebr? rﬂ%o‘“des a
embodi menggfact B2 %@ﬁnt@ﬂ@kﬁb@fmt@q{)t 'FO. §§f3“%%rbah?a\f%ro§ﬁs@dﬁﬂﬂhaﬁew ofa
triangul ar portion, and the horizontal portions 540 of the pair of

annul ar fﬂ@pblew@nbrane 5, pdhereewtle dne-balf hEthewtass sentionlofithegentiaip 520

t hr ough tshe vg&%lfﬁg%lé)ﬁle}n e ann Io%;n triangul ar portion.

[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

18



[ 0075] The i nnernpbst concentric annular flap 516 connected to the main
portion 510 can include a horizontal portion extending outwardly with
a thick rim which can be configured to be secured to a base assenbly

19820 SNSRI o B

560 can be joi ne et we he mal n
portion ofurfdees.annul ar flap 516. The annul ar angl ed portion 560 can
have a larger radius at its_juncture with the majn portion 510 than

at its jultftke wit 1R meeReHRtANSJoE fiesisle menbna REO any lpaye several
out er Nost ,GRANEERLE T’h@ﬂ@gﬁl FYrtiéd 9ﬂ§ca%17fgvg @dﬂ?%ﬁ&ﬂ@coanh{iﬁﬁ%l@? [ieON

510 can include a vertic portion 570 extending fromt
porti on 5&f@ter amulan phdronz@ftcah hpar 4 panofamelad flags 3200 Mtehanvler flapsa26

portion 570 with a.thick rimalon e oyter edge of the horizontal
Por t1 on, (TPEHe i @u e AR R o BBt 8 0N e oty e
104. In spRRr@YRAM ABNLSHmSBe. TRE HEQNLAL sBO Lt McRiigfrea D B8 BEU& to a
annul ar flap 516 can have a smaller thickness than tthe vertical

portion Stapeassenthdy t@hchnshomn indilGl Brthd tpgsr anmiladlap campheneherigontahs,
t he secondor?lnd h(i:r.dnout er mpst ,conc ntri@ a}pnul ardlf*ﬁl\%% 516 can have
a ratio of°TEASHHCTP "REPY YhPafoFdia exiend 85 YL Hirandlyt thoi g Ieser sgfar g
570 bet wegip. abhadinclntbodfflerds, Ghe &H@ﬂhﬁﬁla@g%nEQ@ @an hAR AAldnfuBPiRingular

i npl erent ations, an annular flap 516, 526 can have one or nore

i ndent at | BeT§oBrand dheherizoptal portiogh SHhelthe pair o€ ewwiar flape 2t ean be eonnected
annul ar f . t - ' t n_if.

hori zont aioatg%?; |5%&@%%%¥ﬁ§&v§$®ttﬁ%g?§%ﬁ@%%ggg%g%%ﬁ@gﬁg%gﬁﬁ g%%orﬁélﬁ

al | ow t he[0l0GF] zont aThembingist Oéndehiceandlantlip S1adnibasd fo tae nibpdréon
flex vertically. A concentric annular flap 516 can have a notch 590

at its juntd saodngipdaa herazongal partion extesdingrutwarEly Wik 8 Frigonme sthighecan be
configure i L i { I
anot har - acnaBur A B SEARE GRSkl O B P i B potdll 5B T
for CVP camulanahglde parthhaselass bajdiyedllitweanthanmnid portioet &0 andide hiorigontal

200 positioned neat h the assenpl 04 and figured to .
ci rcunt Ierlﬁ‘?'}'flf”éf’P ﬁ%&?&&pﬁ@ { \ﬁegﬁga@ng‘gr ndefadihar S0 emn u VP @I &TBRr s
subst r at egt i ihhdtse WiktEk PAn Fﬁx‘ﬁ?ﬁ%‘i‘@ 130Gt §b AReArd QiR AE AR BOVEBh AT

chanber 350 positioned benea e base assenbly 104 and above the
annul ar r0a6hi ng r Thyth?autermpat edneentric agndaflaps 5t@ ndereetetlit@theymain

surroundi ng..t h et al nj ri 00,. apd a second flexible nbrane
300 provi By 31 8 EhEP R vetReThrgtat T uSmGREFu R gl 10 and
creat ed brirvan phtiohasenamgHom thelRficanfortibe 53¢ 6AAA thicR¥nPhRng the outer
menbrane 500 forns six [)r essuri zabl e chanbers.
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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[ 0079] The pressurizabl e chanbers can be formed by cl anping the second
fl exi bl e nenbrane 500 to the base assenbly 104 with a plurality of
concentric clanp rings. The chanbers can be configured to be

chanber e BRECRARY, Tt AL S0 S AL AL el B TR

t he peri ppettiah 5é0ge hi nge 530, is narrowy configured to provide
better ed&chont rol _during polishing of the substrate. [0080Q] Each

chanber cHWBE f1 ui i JRotiensrredt Bhihe HySBd af FRAWISHARE) Ltafesighead ©r
base asseghip caOdciaida B%%s%bw%04,%%@1%?%%&5&%%@66 PULifoAWehath
such as a punp or pressure or vacuumline. There~can be*one passage
for the atheass asstrablyci04350 cofifigune] foi dictimfdrentidblyemendst thaed 36 a one

B o es stebagiL R R e B S arerSanatp stopeCihrovide in -
second f | gxiupdr@hiRBE B0 0e@ned B’énelﬁthtﬂi’% %se%&seﬁib%f"iotﬁmgé the@RRuBf

nore passages fromthe base assenbly can be 11 nked to passages in

t he housi refpinidg ripg 200ex cdstier tingd(ibcitcvaticrentialydwirionsdidg thetretaindagining 200,
chanber 108, or outside.the carri he 100., Pressuri.zati an of . each
chanber , AR va™ BraBIBiane bP pRcnab bl SUgERsaee HASHE e
portion S5¥8lufie ckdaeed Betwédd tBe PRIERENADIP D04 A 1hBQecorB HeckBlEmRbrandBobe

i ndependently controlled. This permts different pressures to be

appl i ed t fpreps pixdresstrizabde ehamhesfi ons of the substrate during

pol i shi ng reby I n- Ui oljshing,rates, In
addi tion, “’t"tﬁg]epr essEﬁgg%ﬁﬁ]ﬁ%éﬂrg8%%%%%8“%%%’%%%8%glﬁmlgglgg}g? Feecgnd

i ndependeflttiyleafierhhan®s@ERUhEebise abdstbih aAVbith adRirangbiRynddnaio@ahpane
500 usi ng .chamnber ng, and_the pressure on the carrier ring 400 can
be vari ediP&} akhesdamgessisan bg gaigugad g persHeresuYaly ARV en HEMADO INRsMesh
t he chanb | I dj :

105, [ 0OBITR hbE P b LEn RN, ARE spid ehlok innBa By TOAARNy
f1 exi bl e defirteddyeh8pdiphietad edgerhingr 530, tonad@iyly andigunel isgooride bétex iethge
menbr ane 50(% bed above, can be inplenented in the carrier

s .descri
head. [oo%%@ﬁ%?%ﬁ? }Sh’(“rgé)fé fogFattread can further conprise a
housi ng 1@Rgapnnect edadhGhbM '
secured tgﬁa }éri ve sh%ft. Tﬁgb%g?)re ?g?&ggg%plégﬁy Egh‘é%%ég? Ifé(%jtg\l;l\n&tﬁﬁ) %ﬁj@ﬁ
mat er i al , the bgse ass¢rbliy@han@EsRSIng 02 tocormpesidted prasserd surceTHeh@an puep

ring 400 of the carrier head.can apply a downward pressure to

ol 1 'shi ng UGS OiogREvm BB FiEh £8T Bo Hod bR P pres e Lol Fanrtse
the carri ifst flexiBleARbnbang bR AE phdaage fob ehclONMING Exhniep 368118 d 3RB bh e dY
the retaining ri 200. The carrier ring 400 can be formed of a nore

rigid mat &ricagh Qﬁqgﬁ sig paesseiizablyi dhgmbrisdpeDoeen thebase esssmbinl ¢handcthe pécond
. . ' T Y e e h
oS, ooy HodmnbtEsad 6 GIARCLIG 8L AL0' AR BLHohe TGl HbfgnOhos

adj ust pr aseably @guwah be linkedwrhabsagbsin, thé heusi 12 ynlexile tiblig: Mat éxdtends
substrate, edge can _be altered by changi the width and pressure to

y angl ng I €S
each ri ngipsTdgaislepding shambsri 88 ioﬁﬁﬁtﬁéi}?%@%‘éam@‘thf?ﬁ i10¢ Pienyyrizatoreefeaphy e
slots or LfMighind 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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hol es, as indicated by the dashed lines in FIG 1, that extend from
the inner surface 231 to the outer surface 238 of the retaining ring
200 for allowing fluid to pass fromthe interior to the exterior, or

from the gyseyior tgrmﬂ)e}ﬁ{;gﬁt%@eaﬁg%m%rgaﬂﬂnﬁggg&@o sffrﬁtfﬁ{;ﬁﬁ@ align

with slotS 1n the carrier can pro a rneans to wash

excess sl tiremprded®0; the chmieering d0@fant e seebiad Méxible mongbrRA0500] 808t bed
sone i npl enent ations, . havi ng notches 580, 590 in a concentric annul ar
flap 516 #ovenendedpplementsd g the casReiisad 500 can i nprove pol i shing

uni form t ypoghy pot en@eﬁéral@f\fl?éqéa?ﬁg& Hehd BAY fRGS: é:ognﬂrf%e ia%ﬁﬂéﬁ%@? lszbrﬁp:l:’@g

uniformty when there Is Unequal pressure iIn adjacent c
Speci f i catd the badeeasseniidy é 04 sndicedigatedpo ds senueed to aattjvachaf. Thacdrdeshead

the pressure in e high pressure.chanbe ds to bow the separating
12p"1 nt ot foaledar €l 2 et RHE: BERRAG 6 POERGT S GHFIA DBC | ap
can | ead pgrieeghOns &fthe SARELCHRL R bpply Q%lo%h@r%ﬁ%&s‘u%’to@%li@%@%@&lt In
to the separating flap, resulting inan unintended pressure

di st ri but sane embodioenisnibe dewnpeld rrbisntg. applbedbethe daendr migg 400 at grhatsOihan
at the jupctjon between the main porfiaon 510 d ver.tical  portion
570" makes PErieSARATH BEresPnuirs oR e etinge g 200 Thectitratie 400 eme
reduces CRfEESSh afbré HgldRateRAlNha0he r@Rinmkind e, faglihk aPthe Ak fer GiKe
to unequal pressure, thereby inproving polishing uniformty. A notch

590 can b¥eadpttadover mid then thescteiminging | theawidthsant the rgipigngring 200 end
wh h ' i ' i S
both i deliegit fink 30 88EHE erldd BRASTDBE ESGHY L ESANBIEIRERSFuL

580, 590 paiilden hesubitanesigaran boltdredib e chdngirpate 6dtH andpgEshre @A¢hch
transmtted fromat |east one of the pressurizabl e chanbers through
the concefb&ic annular flap 516 to the main portion 510 so as to

reduce CoMRRGESi ONSH Byl ARChE Rl rick WE AL oPlhroy

enbodi ments of the 1 nvention have 'been ri ess, |
wi | | be uhdes, st oulicatdidty thadashes limedinfHIGA! thanextamd/frba thathaemgurfacei23 1 to

departing_fromthe spirit. and scope o e i.nventjiaqn. For exanpl.e, .
Sever al | oM SEHEERORIoE SATRAHRE ml&é@é _g%@hewrt_ 1d P fomethe pptgrior
menbrane gAde BR¢RoR0r ABMUAhAEXBREH t6 thBfdHopdraR rind) SEIRAEs16fs caR aRBWART
vertical portion 570. In addition, notches may be |ocated in the

m ddl e of slatsve the caniierhead i GharBiz@n paovide § meenatoevash ehcesheluayiionathe
angl ed por

I é on gg%f or .at .t hg d uncture between a horizontal portion
540 and aY{m 558" 2@%?%?% 9/ ot her inplementations are within the
scope of fdug4f ol | oW @n&d idiphEment MANE, HaSirglthdeP 58 598 in A cbdeirlY dddular
ring assenblg/ conpri si n%: ) ) o ) )
flap 516 of the second Hexible 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



a flexible nmenbrane shaped to provide an arnul ar chanber, the

fl exi bl e menbrane conprising an annul ar | ower surface, concentric

i nner and outer side walls with curved portions extendi ng bel ow t he

| ower ann A, tri i t i . i tally
from t he FaendiahAi, 1870 HurBRARER, Ltk 535, 2GRS BRRGHIART 7o
concent ri corfignpetbirediwe dstvawdrdigad oundttell frofrad beastheneafrid Eressurivable
surface and spac i rdly fromthe curved portions of the inner and

%gl in [ .

outer si dehamliersthropigh the concenfric appylprflap Yo-p dhggain nogligibalt sogqsdgreduce
beneat h taﬁnékgﬁ&ﬁhﬁﬂﬁﬁggh Siort 19, @annul ar retaining ring conprising
an inner surface configured to circunferentially surround the edge of
a substr aft®86b r et atmuniter sfilabodiments af thevievension havebennibsqibeéd t o

cont act oli.shin . an. ann r upper syrface, and two_.annul ar
Comeant v NBPlBIEg P b Bl il yaBRY woireRisis S bd pRad Uithnd o
annul ar Ca&feitg frém Qﬁ@ip?ﬁtt Aﬂ'e‘[rb_%oﬁg otttﬁ@inka:ﬁ&%nb | r '&?&iﬁﬁl@ﬁé%v@:raﬁoﬁhé ed to

fit into the annular concentric recesses of the annular retaining
ring. 2.coeentrigtaninwlantapsiZig of dwerebingd fdxilde aiembtanavaeheimart frewlar angled

curved porBRaoaRsafiah sbndl ReDpfueh At hiolishs REERTRERE

ret ai ni nglochted in thd miAdle@ifaivettitdl pdrfien gm,qm?mmnﬁf@mhitﬁé fhular angled @
f1exi bl e menbrane shaped to provide an annul ar chanber, the flexible
menbr ane BUHPR P8Py ahhedniinigbetvwsga e hotgeralporiondehand arimd®r and
outer sid | [ L1 ' e |

annul ar SELF %@%ﬁl}}%ﬁg{ gﬂlél%g%tgﬁé&rsi a%@?qtﬁfé tgé; g dé)%g ngeﬁ%‘% tcfl\i\ﬁé' from
the top edge of the inner and outer side walls, an annul ar | ower
surface, and two annul ar concentric projections extendi ng downwardly
fromthe annul ar | ower surface and spaced inwardly fromthe curved
portions of the inner and outer side walls; and an annul ar
retaining ring positioned beneath the flexible nmenbrane, the annul ar
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
annul ar upper surface; wherein the annul ar concentric
projections of the flexible nmenbrane are sized to fit into the
annul ar concentric recesses of the annular retaining ring;

wherein the annul ar | ower surface of the flexible nmenbrane further
conprises a plurality of circular holes, each circular hole
posi ti oned between the two annul ar concentric projections extending
downwardly fromthe annular | ower surface; wherei n the annul ar
upper surface of the retaining ring further conprises a plurality of
cylindrical recesses, each cylindrical recess positioned between the
two annul ar concentric recesses; and

22



wherein the flexible menbrane is configured to be secured to the
retaining ring. 4. The retaining ring assenbly of claim1, wherein
the annular retaining ring further conprises an annul ar | ower
portion, r portion, and a bonding |ayer between the
upper andiﬁéagﬁygaﬁlkl &S 5. The retaining ring assenbly of claim4,
wherein the annul ar upper portion of the annular retaining ring is

further defined repirdfg angudsambly, BodpAsiggi ts outer surface, wherein
the annular |ip has a horizontal |ower surface, a vertical outer

surface, and a2f6KblonpEbrngshapsp e Peyidesaannulgr chppber,dhafleniblg ring
assenbl y 8'1f m%kﬁfe@oﬁ‘x&pn?ﬁgraﬁ 5.911;1151 %P HL'I ce WRELNRO [rEn S4 Qlcf)(iutélj‘k?dea\gﬂﬁl ar
retaining ring Is tarthér define ower -annu ace and

upper annwitarcusid pattinns wRienéing bt%]@@f mev\@ﬁeratﬂﬂmlbﬁsfur&ue faaﬁelat Sonbkiftee rims
t han t he upper. apnul ar surface retaining ring, risjng:

an annul afXtFRaRe h%lﬁ%allé(rfrq%ﬁwog ﬁ@gea%féh%WFﬂlﬁlr rtsaie walls, and two
circunfer

subst rat e%n?gg%?&gﬁ ajcbgn&on gur&gtj Otvgwiagﬁ gléo?ﬁ gle {ﬂ% ?)%r&ﬂ%me and
annul ar ugpeed suwatdly dront the camdlp@rtums € dretinhar anéoe&s msle mll‘s rmdannul ar
upper surface, and plurallt drical recesses, each
cylindrical re@é@‘?“‘g@dﬁfﬂ ﬁ%‘é’i‘? ﬁ’éeafclh%‘e GRCRBFOE e pRoular
recesses. ret@ning i r&ﬁ@h@h@mﬁﬁw s@ffael d’éhﬂ%u]red W&fc%h{feﬁeﬁﬁalmﬁ%%d feng
conprises an annu ar fower portion with | ower surface "and

annul ar upcmrofp@nbstmﬁe teiretaint the sulpstrate, SllﬂW@.‘(SBl,'faQGh@HﬁméﬂO p@mqt@n and
| ower portlo fo ferent. mat e ortian, j oi ned
to"the 1 onitissih Mgl yBhSHRIRLEE by fiplat SRR BRETE AL ne
annul ar |QMﬁﬂm@@p&u@ﬂh&ﬁs a projection extending into a corresponding

recess in the ugper ortion.
erein the annular concentric projections of the flexibie membrane are sized to

fit into the annular concentric recesses of the annular retaining ring.

2. The retaining ring assembly of claim 1, wherein the concentric inner and outer
side walls of the flexible membrane have curved portions extending below the upper

annular surface of the retaining ring.

3. A retaining ring assembly, comprising:

a flexible membrane shaped to provide an annular chamber, the flexible
membrane comprising an annular lower surface, concentric inner and outer side walls
with curved portions extending below the lower annular surface, 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 and spaced inwardly from the curved portions of the inner and
outer side walls; and

an annular retaining ring positioned beneath the flexible membrane, the annular
retaining ring comprising 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, and two annular concentric recesses in the
annular upper surface;

23



10. The retaining ring of claim9, wherein the pfoj ection extends
along the inner surface of the retaining ring. 11. The retaining
ring of claim@8, wherein the annul ar upper portion of the annul ar

retaining ring_is further defined.by a |ower.annul surface and an
upper " annul ar Wi AR SioRSeleC Pl B8h R Pe Réufle Beabige szl o
than the gppesthaRnshiaF condbitas Secesste of the@niglhAleinifg Fhpg of claim 7,

wherein the cylindrical recesses are evenly spaced around the

retaini ng ri ngwhereg thyiganylatlawsr sigface agthefilezibdé membrangfuitlegr comprises a
The retaining

img of cPufes ot SRR R P P PO led oo Brcsn Mok BB

annul ar | tghcenttid projb&ione eriending dowiFarily Gbai the danuMi@6®bfsutfage;i nner
surface includes a region that is tapered inwardly frombottomto
top. 16. A fleXhgiew thesprupairpsy swupse of the refainingringiugthereammissgar i ng,
conpri si ng; : urf o . | G, r

outer si dglu\r/\a/g]ﬁ gﬁ%ingﬁgélg%%seghéagﬁ%ﬁﬁ%ncg lgﬁ%sgggsp%%édgogﬁen t}l?gg? nner
and out er amsiuite coaddnsridu@vesaey; and ved portions connected to the | ower
annul ar surface_and extendi ng bel ow the | ower annul ar, surface;. .
annul ar concentAFET PAfCEbCHER BnR &t sordigeedtg be pesradie theistarigs tie.
the inner and outer side walls; and two annul ar concentric

proj ections extendi ng dowmmwardly fromthe annul ar | ower surface and
spaced i ndar dl Yheé reeamingeinguasseatblpof tlainm$, whertinghé ammiar aetdining g Kirtter
wall's. comprises an annular lower portion, an annular upper portion, and a bonding layer

between the upper and lower portions.

5. 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.

6. The retaining ring assembly of claim 4, 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.

7. A retaining ring, comprising;

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.

8. The retaining ring of claim 7, wherein the annular ring comprises an annular lower

portion with the lower surface and an annular upper portion with the upper surface, the
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17. The flexible nmenbrane of claim 16, wherein the concentric inner
and outer side-walls of the flexible nmenbrane have curved portions
ext endi ng bel ow the annul ar | ower surface. 18. The flexi bl e nenbrane
of claim 16, wherein.the annul ar conc Lc,ripme. and the annul ar .
concent 11 EsF BPEioR B 1o RIS fouR P PEB Htey iR L e PR bleined o
i nner andiRUb®Er sorlénWal | s.  19. A flexi bl e nenbrane for applying a
load to a retaining ring, conprising: concentric inner and outer side
wal I's to surround an annul ar chanber; annul ar concentric rins

ext endi ngqhori Jy fromethe e, of | nner and,outer .sji.de
wal |'s; an9'annu?§€¥q?%r\}\egnsn r §%gmt§g%%1§lg e@%tagﬁlﬁl relogvﬁggor\?\ilg? P?S 4Riguection

two annul aitefding 8ié & corr@hpondiag ravs inxXhenspengodionnwar dly from the
annul ar | ower surface; wherein the annul ar | ower surface of

the flexible menbrane further conprises a plurality of holes, each

The 11 exi Ble metbl ARG Br B A e, (e e xR BGhk g amer o

formed of safacelofifteiretaimiigeringl .

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 cylindrical recesses are evenly spaced

around the retaining ring,

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.

16. A flexible membrane for applying a load to a retaining ring, comprising:

an annular lower surface;

concentric inner and outer side walls to surround an annular chamber, the
concentric inner and outer side walls having curved portions connected to the lower
annular surface and extending below the lower annular surface;

annular concentric rims extending horizontally from the top edge of the inner and

outer side walls; and
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two annular concentric projections extending downwardly from the annular lower

surface and spaced inwardly from the curved portions of the inner and outer side walls.

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. A flexible membrane for applying a load to a retaining ring, comprising:

concentric inner and outer side walls to surround an annular chamber;

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;

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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