Retaining Ring with Shaped Profil e BACKGROUND [ 0001] This invention
rel ates to chem cal nechanical - polishing of sem conductors. [0002] An
i nt egr at edWOi2PPPI444 s typically fornmed on a substrate BET{YR008/070463
sequenti al deposition of conductive, sem conductive or insulative

| ayers on a silicon substrate. One fabrication step invol ves
depositing a filler |ayer over a non-planar surface, and pl ananzi ng
the filler layer until the non-planar surface is exposed. For

exanpl e, a conductive fiRteiinlmgyRingavitheSltpeekPtefiieon a patterned
insulative layer to fill the trenches or holes in the insulative

| ayer. The filler layer is then polished until the raised pattern of
the insulative |layer is exposed. ¥i¢esrOURDAri zati on, the portions of
t he conductive | ayer remmi ni ng between the raised pattern of the

i nsul ative | QY& or my5 Guentigh pelates i, chemicalyacchipice! prlishipgef conduct i ve
pat hs bet weegnfiddnffucidrd m circuits on the substrate. In addition,

pl anari zation. is needed.to planarize th ubstrate sur%ace for

phot ol i t hogr@%’j. [Ooﬁﬂ.wd&&mﬁé&}ﬁ%ﬁ@me&ﬂ“iaﬂhsﬁﬁe %) is one

accept ed nmet kgebnffl dpoaifion beahdultive, SiiconicBRSdridsalatiR ayRt dMadilleypi cal |y
requires that the substrate be pounted on a ﬁﬁrri er or polishing head
of a CMP app¥Psifetfs Ongiirbrication stepinkelyes derositips ¢ Hierdayssavens onrRlangy aced

agai nst a r ojugthdeNghdPMnbiSAgige Mieh laydadtilQhe B planPAdrfack ieexpkd SFrNg pad
can be either a stand@%dgqrj&% or a fixed-abrasive pad. A standard pad
has a dur abl FePBEHERSIE e ferer cobs depesited qn apafierae maufatixe gy thas

abrasi ve parfil fk @snch&l o hblss ia deeRhREERRE TRAIlR: laydh & thapblidked haad
provides a c ntro%l able |l oad on the substrate to push it against the
pol i shing pad® FREPHSTHITEE HRRRAVHAET I cxRAset AYEPIFTHERIRRy RHPORASs ¢t he
substrat e i noftheadedudtive 1@ fe@lainsigibegheedthp Blises pitlath dfduhsdlati®leferas a

0l | Shi ng. pe™ SR RREYAIOBEHAH frosive STRBEF RER bereceh BUL i G019 g f or
chemi cal nechastibstedte. (10 hddidon)glariafizA466 Bmkddedito plddarieahcaiubina® stifitg has

annul ar ring. havi a hottom surface configured to contact a
pol i shi ng pgfarﬁ'lﬂq%ﬁﬁgrﬁgfyishi ng, wherein the bottom surface has a

plurality of[oedshnnel sCheaAcihmedranicd bolitkbihg (EPYY o5 Adeprl nfethoabf | east
one corner between at idewal | s and the_ bottom

l.egst . .one of. the
surface has HAPPFaLpD., Iﬂ?‘ae?aﬁewetﬁ?%WCﬂﬁde%“% Hhe SBOFREER an out er
di anet er of mhéumtedondlcatierdr polishing héddef b OMPappSatid. aAhe exppscdauFee ond

&2‘2; ;‘IIS bg];i ,f i %/ sal%q{sa?eéiﬁhgc%gggiﬁst ST igge 15011%11';83 gilslggargltdr bélt I;’aﬁ.t '?’ilenllyo 19h1£g| ng 1s
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 ina
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 with abrasive

particles, is supplied to the surface of the polishing pad.

SUMMARY
[0004] In one embodiment, a retaining ring for chemical mechanical polishing
is described. The retaining ring has annular ring having a bottom surface configured
to contact a polishing pad during polishing, wherein the bottom surface has a plurality

of channels, each channel defined by sidewalls, at least one corner between at least
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annul ar ring having a bottom surface configured to contact a

pol i shing pad during polishing, wherein the bottom surface has a
plurality WD280MMd s, each channel defined by sidewal IRCT/EHI6D3470463
corner between one of the sidewalls and the bottom surface is
chanfered. [0006] The retaining rings can have one or nore of the
followi ng features.. The first radius curvature can be equal to the
second radi uSnecf e sidyyelinaad thefettqn chrhaa? fist B fYHPYreme AFOBYE at

| east 120 i béweedtanloB@Sdiafii@ oPihe hifilas RANHRIEe KoRBmREYRe fasW stiohd
adj acent an inner_dianmeter of the retaining ring that is less than a

wi dt h adj aceRfiUs 8fWR28ter di aneter of the retaining ring. The at

| east one chmoog! canpha¥@erenttdiib@nt AlasngdingGdaiaivdd fathahn defines a
portion of the channel that flares out to the width adjacent to the

out er di amet BFlaThRe kaying a hettqnysurfage copfaqured 4o cqpgact o B"A‘é}ﬁwadﬁh’é‘% hannel

can have a Cptﬂi%hﬁgltwlﬁﬁﬁitﬁe bouam shite hmqﬂur@htﬁaml%etsoea&mﬁlaﬂm er
di aneter. g@a(?&,se(# can be deeper at one _end. [0007] The retaining

ring can be & i’ﬁ’i‘dr?gm&‘e%%@?efl%‘éowqqﬁdef‘ﬁgs qnétﬂ%flbﬁft?f@ ring,

appl yi ng a- pahfasdis Bigniféreii d to a fixed abrasive polishing pad and
creating rel @t[]b e rmt on between the substrate gnd t he fi xed abrasive
pol i shi ng pa %0008] SR gL 10 Ar e PRe AT eTe PEA follgwing dgtuesin al so

conpri se a CHd firradi@ad curbaturebircle e'Eplil#tortﬁé @b&ﬂdﬂﬁilﬁsldﬁgurbaﬁu@t’t‘&cﬁ}&d and
hi ng pad and retaining rin

a platen confi dtos ort the g
GUFi g pol | SHPHEOT SOBE PGS tdei 128 Rif. Siebeb e CRBOURBAS of Lhe
i nvention arﬁldﬂﬁdjafc@ﬁ tflinhét dtameteasnmammgdﬁawmgﬂaaﬁaeludtmﬁi acent
description bel ow. her f&gtures objé@cts and advant a%v t he

i nvent i on wi PR BRCLIHRHE A e ripipgEng) O #t Irast 15 chargel gty ﬁ@ghlr and
fromthe cl ajatins ofldmSelitdHdt Gbfirehka W{\N NG hQEChirERs odttSthakvaiia -

perspective btt i ews t*f r et n|n i [Og%l]FIGS 4-5
are side vi el %? f’m‘(’)‘fdoagle %t E’Fﬁ?g’fﬁer‘fgmnf Gg‘léf] q’@%"
bot t om vi ew @k havelabAdtant Bepth feo@ the 1A BalEtdotBthe Sutér qEetR TR KDt t OM
view of part_o 3 ret?l ni ng ring. -
can be deeper af one end.
[0007] The retaining ring can be used by retaining a substrate with the
retaining ring, applying a polishing liquid to a fixed abrasive polishing pad and
creating relative motion between the substrate and the fixed abrasive polishing pad.
[0008] A system including the retaining ring can also comprise a carrier head,
to which the retaining ring is attached and a platen configured to support the polishing
pad and retaining ring during polishing,. -
[0009] 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
[0010] FIGS. 1-3 are a perspective bottom views of part of a retaining ring.
[0011] FIGS. 4-5 are side views of part of a retaining ring.
[0012] FIGS. 6-7 are bottom view of a retaining ring.

[0013] FIG. 8 is a perspective bottom view of part of a retaining ring.
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WO 2009/ 012444PCT/ US2008/ 070463 [0014]FIG 9 is a cross-sectional view
t hrough a channel in part of the retaining ring of FIG 8. [0015] FI G
10 is a boWOIWMIM4of a retaining ring. [0016] FIG 11 PEI/ES2008/07)448
bottomview of a retaining ring with a graduated radii. [0017]FI GS.
11A- 11D are cross sectional views of the graduated radii. [0018]Like

ref erence sy I n various draw ngs, indicate l.ike elenents.
DETAI LED DES@%% ON tr“g‘gféi %?%?SP&W&%%%“&@?T "%5“"5{}5&43}[ € can be
hel d by a retadinngong ¢ARIGR01 secured to a carrier head for polishing
by a chem ca chani ol i,shi ng. apparatus. A suitable
carrier headlwlog%descri%g(lé Bilsna%ﬁgflgﬁgg’gg%et P51, 215, and a
description @016 CVP &ipai stapsrtivblyttbd vieswnfd rétsinibl Sng Wak £ piadiNeed
5,738,574; t iientire di scl osures of these references are hereby

i ncor porated by reference. [0020] The retaining ring 101 (only part of

whi ch is shoW@)7lcan b&IEHAEAIUD bedrdss eotidnalorigwsrog the gandhawdadit.i ng 105
and an upper k&g 110, .The. |l ower ring.105.has a.lower surface 107
that can be [Jdp(i) ght i s -(I)én%%rﬁ °§é¥m\’/ﬁ‘i1ﬂ“§"6‘a‘r“ﬁs WHES\&@H?EEF’%%?]PB% ring
105 has an inner dianeter 112 and an outer dianeter 114. | ndividual

portions of the | ower surface o oén bRSchPHGNT | N 105 are bounded
by corners, such as the OD corner 120 between the |ower surface 107
and the out ef%flanet eRefering torFibhl.@pubstirie ean bt held by e retsining ghg HHar p

edges. That ic3ured 3% aRicPRdd f&g:ﬂlis?ﬁ% LY @%ﬁcaﬁﬁe&%@ﬁ ?P‘n%ﬂllnﬁ k@M?P e

enbodi ments, the ID corner 10 he Torner_ Dbetween er di ameter
112 and t he ReH@Rs-steyiibls camyr hepdis descrbed ipU SelBrsent Naeb, 2 it 5.ahd s har p

edges al ong &éﬂ&r{pﬁeﬁsfébﬂ?_aﬁﬁf&@%aﬁbb%ﬂ&iﬂ@.@]ﬂ%ﬁ@& 5%?,8‘?‘3- ‘Elie hég one
source of dapmage to a polishing pad during polishing. 021]1'n sone
embodi ment s, LEFRsUTER PEP9EE FRIPIRCAtra bereby drcopriated by mffrencehannel s

[0020] The retaining ring 101 (only part of which is shown) can be
constructed from two rings, a lower ring 105 and an upper ring 110. The lower ring
105 has a lower surface 107 that can be brought into contact with a polishing pad.
The lower ring 105 has an inner diameter 112 and an outer diameter 114. Individual
portions of the lower surface 107 of the lower ring 105 are bounded by comers, such
as the OD cormner 120 between the lower surface 107 and the outer diameter 114.
Then OD corners 120 are free of sharp edges. That is, the comers can be rounded or
chamfered. In some embodiments, the ID corner 109, the comer between the inner
diameter 112 and the lower surface 107, has a sharp edge. The lack of sharp edges
along surfaces that contact the polishing pad can minimize one source of damage to a
polishing pad during polishing.

[0021] In some embodiments, the retaining ring 1‘01 has one or more channels
125. The channels 125 allow slurry to flow under the retaining ring 101 during
polishing. Corners 130 of the lower surface 107 that are on either side of the chanmels
125 can be similarly chamfered or provided with a radius that further reduces or
eliminates sharp corners on the bottom of the retaining ring 101.

[0022] The lower ring 105 can be formed of a material which is chemically
inert in a CMP process, such as a plastic, e.g., polyphenylene sulfide (PPS),
polyetheretherketone (PEEK), carbon filled PEEK, Teflon® filled PEEK,

polyethylene terephthalate (PET), polybutylene terephthalate (PBT),
3



125. The channels 125 allow slurry to flow under the retaining ring
101 during polishing. Corners 130 of the | ower surface 107 that are
on either WOPEIH24he channel s 125 can be sinilarly chaGRus008670463
provided with a radius that further reduces or elimnates sharp
corners on the bottomof the retaining ring 101. [0022] The | ower ring

105 can be forne f a.mater] i.ch.is che ally inert in a CW
process, such® lﬁggpuﬁfoﬁg’?'ngﬁ (J’Pgﬂé) wb@%ﬁﬁéﬁ}? &h@ %@Y"Fl}eﬂ@l‘{elﬁ?@’,"”
pol yet helr et hestyeisibneatérREER)e, lowa Hag shouid dise e RizEMe anfighal- ONow)weki faleed
PEEK, pol yet

: ht hal ol |.ene terephthal ate
(rem . °3 ” polieapa P By Fufi et oS Rt oaRa o B )
pol yet heri mi sibstAREdpe aghﬁnsathemmﬁ@ﬁ@cﬁedrﬁt taal;ethél'ﬁﬂst}a&we&hlp bngackhoul d
al so be durab%}sgﬁ:F\é Iow.vvesrlé ? qadltlon t.he | ower ring
shoul d be suffi f P3P %Wé%‘%‘?gﬁ nld Bt b st elashin PAGOWBF A RE SR 1 at e
edge agai nst tik eaitiieg Shgéang:s then@mﬂﬁﬁgtormhudéamsﬂlefsﬁlﬁtrabli‘:b'iéﬁiﬂgﬁacés@ chip

or crack. OnbA ot heg Cgﬁ)n the lower ring should not be so elastic
t hat downwar the retaining ring causes the lower ring to

extrude intof002s subsThadpperipdildofthe fRifgSing401 (Sve\Wimefofd G 6) .
[ 0023] The up

110 of..t.he t ai ni r 1 ca beforrred of a
ot ort al o ot s e Shia Ik e Tl P s e d st g pe
mat eri al cane.pestanhmBtsebl, mﬁlybdenmﬁltﬁlamhﬁﬁﬁn 8t £@kamidlRlgy, bldemﬁmr oftfer

al um num or _a c ram.c or, ot her. exe terials.
The upper rifg T Slrﬁ%@ﬁag I@W@I’pe’éﬂ% g@@asaﬁmw%fﬁ“ J%HPF%-/Y@ ace.

[ 0024] The | omﬂz4]and ump@lbwenan@app]sﬂﬁngsldﬁ llmgéﬂhwfoz{nqndfe{aﬂﬁlgr@gal ni ng
ring 101. V\h %hv\qrv S a.re% i ned, the u@ﬁ%ﬁo surface.of the

| ower ring 1 BRI d“edains {UPPSS SyrfAge WELFPEALR S0f t he
upper ring lﬁgﬁmoﬂ'daiadiamtfolﬂn@swge;nﬁ“ioalofme Bppeering 10! T twdlrings t he sane
di nensi ons a i nner._a er di.aneters at. t hei er surface
such that th en%r\?\gy havg gibs lly ﬁ’f@al?e #‘WF%?"W ?@ﬁe ‘B’EPFF%‘%‘E’“’WH@F’@'B{SW% t wo
rings 105, lﬂléirmae‘tsunﬂwmcﬂlhlmwhalt\eom@me&j.llt[ﬁBQE}l{[ﬁQuﬂ&B@heﬁlﬂEJtﬁfﬁe

(not shown) ng 110. generally includes holes with screw
sheaths to r%@éﬁ@glwg f’éﬁﬁel?“s'geysﬁi%w " bolts, screws, or other

har dwar e, f olf0Zdcur i nthetuppersedfai (lionglowh)"xg‘tlibﬁ:bpér@mg o gbaérﬁlil}eihclb&ad
The hol Ad Iy,
€ holes cajf) e@%ﬁ%%% @g?o rgce%/ %lsﬁene sg%lgagt s\ :’;sgécrcgs{s %P&e’é atrﬁ&%ar%ga( n)c/)t

one or nore a I gnment res, suc
shown), can fgesebmﬁlwefamhmgﬂmoﬁﬂcbmehwd me:olmpmrbereirdm@ shaded | f
rrier, head can

have & oor r ool 4 <ot Ay AR oBRF ot Bt P RERHE SRt ur e when
the carrier dneladem(dmmtlmsnimcmghcmnmgarabeelocptedpetﬂeyo;edurfme;dtheh]ppaorre
(ot - shoun) Tt o el bR R o it 3 L B PSP AP ER ot or
for allow ngonkwperdmgpin hiatmates pitgbe a‘hgumrttlamrmmtvmenme carfiet Heed aridng t o
during pol | S ainerhf e el Ve in bl e Bhhond e Geipingirg | OF
adhesi ve | ayap onepr frigee thmehm@énd@ehqmmatmend ﬁmnrthengsr difihetertd tesi ve
layer can Def: bieRAfl bl iy i th SRR oW b BRNSTR | Y

i ndi cates that the epoxy sever a
sever al daysexteﬁorseltfmﬂll-ﬁwe&temortctﬁelmxyffbmnng@muymlehmgn be shortened

VI\\;aE:] 20?0?(4?23 3751_ nper afhldh&o nEé%r E¥RIRLRE widi §n §dh9§f*’.re%5re} D9 ERRNTRY be

between the two rings. The adhesive layer can be a two-part slow-curing epoxy.
Slow curing generally indicates that the epoxy takes on the order of several hours to
several days to set. However, the epoxy curing cycle can be shortened with elevated

temperature. For example, the slow curing epoxy may be Magnobond-6375TM,
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avai |l abl e from Magnolia Plastics of Chanbl ee, Georgia. Alternatively,
the epoxy can be a fast curing epoxy. In certain inplenentations, the
epoxy is aVRigWUEHber at ure epoxy. Hi gh tenperature epdSFYRLB4Fds63
degradati on of the adhesive layer 2 15 due to high heat during the
pol i shing process. In certain i npl enent ations, the epoxy includes

pol yam de, 9 O/ al such
as 10%to 30%F anf'bqgﬁ%gr@ ?l slogégﬁlbﬂ%e Ggor% S‘é)t‘{)ma%&ﬂg% Of P gEymcond
al i phatic anbmefasﬂ?aunngepanpIIepertahambleglhntatmnmeheaapms epngh;empmytubfe

LOCTI TE8 Hys HP1/74 fr Kk i.on .of Ro ,
Connect  cut . e Relppted 6B HERS Sle POt B Bl p R i b

resi sts degr hﬂhhcamdurals ﬂmmbdm@bmtmssoﬁmwmaakhpi@nmeapnaﬂﬁ epaysequent | y
reduced fail yr e ti aused by

i gh heat - 1 AFan AN e B ooy ShA A, WaupRR: sl ALY
chemical att &% tcf FWmof afgstaliphatiyaniwednd fotthE%pof 4 asmnd glipeticesise.

[ 0027] As an t i rings
can be pr esshe Pk ieRBR RS b R DB Al E e
portions sucfomdleded Eripbrtion of Rocls: HilaCamectisi., hﬁleaBLBCTWE@h is

| nCor por At ecy0RAE ENbAET b ARSI SRy of SRLENAT SRISARGL LN 2
nmechani cal ener, such ew’or a clanping (J‘eV| ce, as
descri bed i ncdnsauerﬁbrbﬁusddé'dhmﬂpielt@dﬁlmnaﬁm DeBaTAtee48 D8Cusadibtiydiighi S

i ncor por at ed I r Ref [ri.n |G, 2, |
sonme enbodi nlé%? gﬂgﬂﬁ d910 nne e? ‘%g%? néi\?é%gppara e em\?\%??&s?%égo?ﬁhéa
portion of tﬁmtmhnﬁhemlhplammcem the inner dianeter 112 and the
channels wid s the ac i Th rtion of
t he channel ha’f} is aésg’gg%l i ﬁ dﬂ%tttﬁgtw Er%&) e#el%sq?wr g?ar%e%a to as
t he nout h 14Bressfiretfiyer smhaﬁﬁe&ethefr hehmuttdqlogldlfg atronh aich hadeecmbeémg :
triangul ar i I annel
ad] acent to PR’ Rk S GoRTE BRNEI-ERRRe: bl R BY bRerdl ol BReRa” )

t he porti onstogftherpdthiagygchanical fhsiener, 107 ahemlmgsw 1mm>@ednngabwne|as t he
portion 160 gf.tfag ave a
radi us of cur\f%turgﬁﬁa nﬂl%lrlsgg?gépl t%g}ﬁ)vﬁa ure %O%ﬁﬁ“ﬁg %gétFés] 120 or
corners 130 keagin fsahpempesen about 20 and 120 nmils, such as between
about 30 andpgpf m | SR@% AqGaP ] urvature
Rl is about anﬁgm S E:al g tg tﬂwonﬁgﬁlgﬁlﬁ%nm S. eél!rzlgz uaggo
curvat ure R2pasalie} ‘ﬁfélsfaF the pertigioefithehannglpdistent foctheinpgrdiatuetsn hl 2lsad Bet ween
about 20 andchg%lru,h@n % Welhd t11 4 60 and
260 nils, 80 amyDa0 o Ry s St ’?ﬁg‘?&” 1 DA 3Pl Lhadoel 0

about 150 mithatis %errt&uﬁhagutefdlelmmmraﬂeeed topothp gmhfédgmfébpm an

axis per pendn{é%&ﬁh 18 b6 ARUEE o S AER inlBdpeOTn LB efBb@inBlf % | NY
101. The radius of curvature can be constant or can change al ong t he

curve. [00309oRdmex theshanng] adjaggnt t9 theipger digmpieris natAgredand 130" can be

chanf ered orpbmper ed m&a&%&%qﬁe ﬁaeioﬂgoﬂimé ﬂoaassﬁﬁace/bm ﬁaQﬂ{g%Qﬁﬂo%ﬁ angl e
for chanfering can be between about 0, such as about .

shown i n FI cgmmezs, figgoion i@é’f@ﬁ’a’mﬁh%w&i’ﬁs @%?’éﬁbe %\lnedphbavv\/ayad@te t he

base of the ghanb@te. TBOradius smneﬁl}@xgdofmrcbm@@m@%m%ﬁa%&Sﬁ%@e|
[ 0031] The retaining rings shown in -3 have l%rooves t hat extend

subst ant i al | §pt¥5esr aPque?o wdtlﬁo e spehidy petypenrabant 2R and 190 mylsy suphyas pbaut
Ref erring tooghhiiz. Ge ﬁaﬁsas &rceﬂyﬁfe F, 3PaboiinBgis ae&rawemoétﬁedh%ﬁcpm&éﬂerh&agy

of the retaining ring such as at an an f between about

and 60, suchfags %frCBU’ﬁ‘éFe@ of the fllated pergon b60|:qf€]}c channglican b bsbyees akih have

si dewal | s t hatanateo iﬂQE smraabét@éentaeo@ a@a@m@b Bﬁfs 604 260 N8, SCaraan t he
i nner dianeter to the outer vergi ng sidewal |l s can be

in conbi nat i GHS AP PP s 1%? 1"’%5‘| léﬂfmlﬁ B’éﬁbﬁ‘r“l lép milg, ﬂ‘i’e’ac}l%tgcﬂfﬂ‘”@ﬂ“eangl ed

(at an angle to the radii) grooves.
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[0032] I n addition to having rounded corners, in sone enbodi nents the
base of the channel can be rounded as well. Referring to FIGS. 8-9,
t he channeWORI®/MQ4Y shaped or has a seni-circul ar baselCTI¥R2008/070463
sidewal | s can either be parallel to one another or can diverge from
the inner dianeter toward the outer dianeter or fromthe outer
dianeter towgrd the inner dianete ther, .th th af. the
ot oove. |t hat 1 & mepnuedbEteah B Roahe et o BRATME bk 78 Beetbing "base
of the channsghg 105 The adiug efmmumaﬂbamnstbﬁt@memhﬁangmbﬁg tihe aured. er 112

0, OUL et Tt e GAIREL Y SR Dyl alEOD o

channel is depget mﬁ&adtdféemglblﬂ]noﬂéd an® ppoptibia angld fot tentiting E:arfbeamat er.

I n sonme enbodi nment shal, | r _at r . di amet er
than at the geﬁ‘(’%efl g?“é%rgﬁaélﬁ% § Fl“c af%\ﬂ)étr‘g &%ﬁ “‘rﬁa{gsh‘{f"g%tmckness of
about 225 m tamfdring cahadine bl tewvap & thebaseef thadhanttel BI5 oabah 20064 part s,

such as betvveen;aboF 75 ?nd 150 mls, for exanple, 120 mls.

[0033] I n sonB*e the corner between the | ower surface 107
and t he i nnefoosiijanmet eﬂ‘heﬂ:b&mmgrmgtslmwumdﬂdiSor-?,hhalgﬁc@wesdhat&Eteraibr upt

edge on this er. ca strate fr.o i der the
Ting durt ng: RPN BAMBHES Alkliar g et 10]oRedinghs A & e
enbodi nent s, grbbne:s ¢2f cae tbe Af/40 angle tohke fammﬂ’rthesmai‘nmgemgmm tivhtas atanadj acent
to the inner gie oi}%gt%gen ajbitttggg?r}d%ﬁé suc, nne &Frgg%p lﬁé 7r unded.

The radius of"=Curvatiure Corner e radius
of curvat ur egrofves ban oee sidawall6Bat aiedidt parallebonee emﬁmdbut&lmege filohethe adi us

of curvature, i S en.about 3
1 oo Goas T AneRE e B DB Wkt e Bl A tingith °°
radi us of cwitlveithar sraght(pgmiid tretheddifror edpeigat aalamgigtotﬂmeradha Iggiohesof t he

channel 125. t is, of curvature when Vi

Cross secti o[rqaoﬁ t he %@ﬁx&éﬁgfé@%ﬁ)ﬁnleﬁg?%%%n orcde m\(, gg‘?é g"ﬁg'ﬁ% t he
| engt h of t hef thehdmamel can ba raode ae wblb dReferinsto HGE.8- Eametchmnelrﬁﬂﬁ)ihments
shown, the r a rom. inner, . di anet r of
the retaini nggée‘ld[%I {sasé} Q}CH{ag?aSéd]ﬁghﬁe%g‘?al%fc R %%erﬁjée 5lian?1|§|° CFiPRY The
radi us of cww:am dirggefien teomesdiahgertitvpard fho enteddianadrer ﬁdﬂlzhel oBiter

smal | est, r i | ar 0 ‘
curvature 20 arﬁagrlt{j:k?\m?{shec S%é‘ggrl}f{t& lgﬂﬁ:mi?r fit %’grr%fttﬁ;rg[ T)lg tﬁﬁgn{hfa adi i
202 and 204, d1$téﬂcr=§‘pgéhe lpwensuxfdve 10w ithe bafe af threvchanmelel 26 cos gmaino t he

i nner di amet ghold ZoaNMe xhﬁ@dfa&@ie%‘ﬁz‘&} & Y Adidth erzgﬁerﬁzj[t&ag%% deBin d’?
outer diameter 114 1s |'ar gest n sone enbodl nen I'us of
curvat ure altBochises eapsary aimlthvdermﬂmf@etch@ndutlmonm esbedientani away
fromthe chanagle da5mel RARG01RRLL S BUBSL @k 1oae Of the
retaining rings described herein, a carrier wth aretaining
ring attac heﬁ!!ﬂqq?émtsaﬂl%%md istshallpwerat the inmarrdisrester shantat o oter pol i shi ng
station on agGhReARPALAb S, 168 hivag %ﬁﬁﬁgd;f%éq@szs %ﬁ%&%&% afread

applies pressure to the substratea e subsftrate agal nst the
pol i shi ng pake,betreer #bons>0sand Bt midsl sush agbasivesn ebout Fhansldd@ méltfordi ment s,
the polishing,nad 128 nfisf | xed abrasive-polishing pad. A relative
notion is created between the substrate and the polishing pad, such
as by rotatilf#@33Hne plsene embndimantgthe prmes detrieer thplowar surfaceriSy and ng t he

carrier headpe RheriRiRed QW Rttrbi@ed J}%ﬁcmg{ered DA bt Bk R it Spend
" sequence, the substrate is | ocated within the receiving recess 140,

whi ch pr ev erfies PRt §igisuhsiale SomphpRingmagsithayingsTHEnEpolisiieg s 125 in t he

retaining ripas4}0l fagigiib@isrighe, 1h%é’rﬁéélﬂﬁohln%tssﬂxé‘écﬁ%{ertl% @rﬂﬂef romthe
substrate when the retaining rin is in contact wth

pol i shing pa@versheacedifhtats @b&cﬁ@g%ﬂm wnﬁmbamqfﬁtréizqandgherqhw@ehm cpeduce
damage to t hsofetGihdad s ks Bf"édr@amr@ﬂ%mﬂ- coft3F B70RCleksHUn L hdins

conpleted, the substrate is noved to the next step of the polishing
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chanfered corners around each channel and/or at the corner that is
between the | ower surface 107 and the outer dianeter 114. The

non-ri ght WRGIWPi2Et ners prevent the retaining ring froTdEeG0AG6H
polishing pad, particularly a fixed abrasive polishing pad, during
the polishing process Fi xed abrasive polishing pads tend to be very

sensitive to ers aLp cor ner end to slou of f dig
into fixed aB a@‘é"* ?){5% Cé)ﬁqeﬁggb gﬁ erﬁﬁ\% h‘g‘e{’ﬁéﬁ"sﬁg‘ﬁ)g@&}?ﬁ‘é‘ﬁ  rom
t he retaini ng:bemgnmmmaﬂdmcmzls;mh@sfabbhmosﬁur ces of danage to the
pad. Because pad is.|es y..to.be da as a
| onger usefulot[’?ﬁf Ahle% i tfggf Lll'll |’fneS°FlF5%E‘%§IP@§S %18 {)dg‘?? down time
of the poli sbumguramazgrﬁnue:l drehanghslongy thglehdie ofd thatnen 123 Atatds) the
requal ifi catl ar at u nd t herefore r ctive
ol ohi ng. 1 s Bessafeh PR aRoTES PP PR Eaoh ROT et L o faeeseor
Eﬂe pol i sthi n?r qaa:dasehloagﬂ:eﬂmguhloﬁ?ebhangeﬂt Eﬂ?ﬂ]ﬁbﬁﬁ:ﬁﬂﬂhﬁﬂ?m&h?ﬁmer educe

e anount o abr asi.ve at is r.ate ro
pol i shi ng pacfrl R E%W&Wﬁ %&%ﬁggqcﬁé?eéﬁp@qfég@ra ?f[éﬁl
material fr emtamnngm te lthOHtBEdlﬂlﬁt?téﬂiﬁt}ﬁ@éﬂlﬂhg fifg. plaﬁ;radidsenfarrﬁﬂnﬁblztbz ty of
cdges on the et i TwBr et Rendfen b el RoLoF AR Pat I pac
reduce or el radiumof @rpolrd 2116; whjclpia dlogo rcthé duaetidinghetet 1 BicthdrMadil 202 and
attributable he Let ai rin toor- hy. [,003 t ot her
benefit of t%& lstl (?rrtll}aﬁg r |J]nig°fvm t PSﬁﬁ%éOStg%é]B%‘lsdlﬁmse?%I@ arng ced
break-in ti n@dxuh/ammmm Zoetcmsesstmgherdumgsiame(qmmes tﬁomebr Baomen period

bef ore bei ng, O|IShI The ano f break in tine
can be reduc@ ylmermgsugrﬁl faqis o %wé éeeas a‘#’“ﬁ?&“?%% ?“ﬁ er‘i“FFég’lﬂg‘ﬁtfﬁr es.
[ 0040] A nunbed aphy Eododich areueks126f t he i nventi on have been descri bed.

Nevert hel essgndd; W | | t hat .yarious nodifications nmay be
nmade W t houtmgée%artl na orlg%ggﬁém% i ?neé)f%‘ *LH ’B@gg?gsfiﬁsgn%‘?\}lgﬁﬁ dn. :
For exanpl e, cafregtendedthofretaining viag ataulwdrrm\res amuhgratafmgsa daster itiviad ther ei n
can be used S. i her e t her
retaining ri glp tu?’éghgwﬁ#ggftﬁu’&f;@ nggﬁﬁ{aprozl g]ref gqheér)m n for
use on two papliesprasgee todhe subsdwtelad hr:ﬂ@dhe/\.iubsttra&iagghzeﬂmlpGMriglpa@s

A o0r A 0 ARG SudRal iRk, 3 Sl hbAREE (RORRSA el 15 40| OV 1O

cl ai ns. retarni'ng rin M Care
pol i shi ng, cabmsive polishing pad. A relative moticanyanatad between ﬁlawbatgateaarﬂohet om

surface (107);600d ﬂaﬁ}kﬁ:@@astb‘} r%g%éplzﬂen, rotating the carrier head, translating the

carrier head, or some combination thereof. During the polishing sequence, the

substrate is located within the receiving recess 140, which prevents the substrate from
escaping. The channels 125 in the retaining ring 101 facilitate the transport of shury
to and from the substrate when the retaining ring 101 is in contact with the polishing
pad. The rounded corners in the retaining ring 101 reduce damage to the fixed
abrasive polishing pad. Once polishing is completed, the subsirate is moved to the
next step of the polishing sequence.

[0037] The retaining rings described herein have one or more bullnose or
chamfered corners around each channel and/or at the corner that is between the lower
surface 107 and the outer diameter 114. The non-right angled corners prevent the
retaining ring from damaging a polishing pad, particularly a fixed abrasive polishing
pad, during the polishing process. Fixed abrasive polishing pads tend to be very
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5pol i shing pad during polishing, wherein the bottom surface (107) has
a plurality of channels (125), each channel (125) defined by

si dewal | s, Wat20098az#4 one corner (130) between at | east OHI/GT2048[@0463
sidewal I s and the bottom surface (107) has a first radius of
curvature, a corner (120) between an outer dianeter (114) of t he

annular 10 ring and the bottgm surface sec adl us of
curvat ure, WHEFBYHOSharp gogagts- o?%éfpc?f’mfﬁée“éﬁfhﬁiﬂé}‘ Q&("igg}m‘h W‘Eﬁ h

aﬁ j acent gn hpm&ﬂhg PadRERSviRglthe Shafpf cotrBB ffoal thé iftaﬂﬂlg'dﬂg@aﬁ iﬂﬁﬁr{dzs oxllees S
than a w dt | acent t ut e I anet er e.reta

g, wher i A ThEOEES ppetin R BRIt 98y Fais WebHD Pt e
curvature (Rﬁ’adhai5ldﬁ§ﬁd fslwfﬁdxfabaomngeaﬁseaﬂh& m&f&&;}tdl@tumm(d{g% bOL tom
surface (107) .that defin tion of the anne t hat
flares out tBls %geﬁpaEaPﬂszﬂj ?@H‘lgﬂied’o %@g&%@@}dfaﬂ"a CtaB‘?anT@ wher ei n
a corngr (17ﬂapaﬁﬁ1i22ﬂ)itema@fomh rSpfoFlﬁﬁ@eﬁdlﬁ}ﬁhgﬁrh@,t :s agJS?cent Ito t he

i nner dianeter_ (1 the at | east on anne i.s. al so
rounded and g’@ﬂé‘s a fﬁlﬁ%@'ﬁ@éﬁﬁﬁ@%t@ﬂf&gﬁ% ﬂEelpé’g LFPf'eq about
an axis pgr prashif ik déonbdd ekt dad radedsiicasRultbd fixed a@fhﬁv&ﬁ@t@ﬂﬂ%a} he
fourth radius us o

curvature ( R§)h%fr2§§ ﬁéﬂ@‘éﬁ@%é %’Fﬁ%}%&@? gtp%%&et e ﬂ%g RE first
radi us of cumu@iialifiRe bisthe Gitttke bf0hd ftislEBERAhe ﬁdbdbﬂltpcﬁf sCdfciaf; thee. 3.
ThS P e S L MBS LGS Lol B OL eyt valure
surfaces that contact the polishing pad reduce or eliminate polishing pad conditioning
or activation attributable to the retaining ring topography.
[0039] Yet another benefit of the retaining ring with rounded edges is the
reduced break-in time. Many new retaining rings require some break-in period before
being used to polishing substrate. The amount of break in time can be reduced by
rounding the edges of the retaining ring features.
[0040] A number of embodiments of the invention have been described.
Nevertheless, it will be understood that varions modifications may be made without
departing from the spirit and scope of thie invention. For example, features of the
various retaining rings described herein can be used with other retaining rings
described herein or other retaining ring features. The features that are described
herein for use on two part rings can also be used with single piece rings. Accordingly,

other embodiments are within the scope of the following claims.



4. The retaining ring of claim1l, wherein the third radius of
curvature (R2) is between about 0.51 mm (20 mls) and 5.08 mn (200
mls). 9 The retaining ring of claiml1, the sidewalls of the channel
(125) being parallel at the portion of the channel (125) adjacent to
the inner dianeter (112) and the portion of the channel (125)

adj acent to the outer diameter (114) UeRHBSflared. The retaining ring
of claimb5, wherein the portion of the channel (125) adjacent to the
i nner dianeter (112) is not flared. The retaining ring of claiml,
wher ei n the flirst Amthiniag eifig €101y ddruohenyicat mealascal polishidpe compesing:

di ameter (112) to the outer djaneter (&114) %I Cé\rll\ﬁ t he ItengtC{: of the
channel (125). Th@MranHiahiig haviRg 8fdQiom murfaceyiHay b ronigiEed, i sopact: he

channel (125) is The: 1 g ring of claiml1, wherein the
3 y%ﬁﬁ{?ﬁ’gj%ad &%ﬂgﬁ%ﬁkﬁih@

channel (125) is deeper~ at one A”met hod of using the retaining
ring (101) of cl awhetgin dlonpoticn ngrfageel] @7 hhasga alusallsy tof ahennelst (1 26 each

reraining ring (1on, of G A BpRng, 2.0l S0l o Ll AU LS 2
the substrate anddB€odd ofafe HBEAR SRR bR JuitAL (10DThad b st RERSEF
of making the retaining ring of claim1, conprising:
curvature, a corner (120) between an outer diameter (114) of the annular
10 ring and the bottom surface (107) has a second radius of curvature,
wherein at least one of the channels (125) has a width adjacent an inner
diameter (112) of the retaining ring that is less than a width adjacent to the
outer diameter (114) of the retaining ring,
wherein the at least one channel (125) has a third radius of curvature (R;)
15 measured about an axis perpendicular to the bottom surface (107) that
defines a portion (160) of the channel (125) that flares out to the width
adjacent to the outer diameter (114),
wherein a corner (170) on the bottom surface (107) that is adjacent to the
inner diameter (112) and the at least one channel {125) 1s also rounded and
20 has a fourth radius of curvature (R3) measured about an axis perpendicular
to the bottom surface (107}, and
wherein the fourth radius of curvature (Rs) is less than the third radius of

curvature (Ry).

25 2. The retaining ring of claim 1, wherein the first radius of curvature is equal

to the second radius of curvature.

3. The retaining ring of claim 1, wherein the first radius of curvature (R;) is
between about 0.51 mm (20 mils) and 3.05 mm (120 mifs).
30
4. The retaining ring of claim 1, wherein the third radius of curvature (R;) is

between about 0.51 mm (20 mils} and 5.08 mm (200 mils).
9



formng the plurality of channels (125) in the bottom surface (107)
of the annul ar ring, wherein each channel (125) is defined by
sidewal s, a corner (130) 30 between the sidewall and the bottom
surface (107) having a first radius of curvature, a coner (120)

bet ween an outer dianeter (114) of the annular ring, wherein the
bottom surface (107) having a second radius of curvature and at | east
one of the channe ; i a n e i r
(112) of the@retahﬁ?ﬁéégﬁwgﬂéﬁEFWQ% éégit%§%$%EVﬁd@% aéﬁﬂ 3?%§%b“?%e

outer dianeter (1pdmllef attthe porioaiofithe chidnnel (la\ﬁmdlﬁwm td éhedinéredishetene
channel (125) has a éhlrd radi us %f curvature at defines a
portion of the ch&hdéand thsportips© Fh““’d?@é"n@u@z?ba‘%@nﬁ%f}ﬁ AHsralaneter o
t he outer ;di amet eg; 1@%%@% fﬁﬂgyeln a comer (170) on the | ower surface
(107) that i s adj the inner diameter (112) and the at | east
one channel (125) is also rounded, and 10wherein a fourth radi us of

curvature ( ) of the coner (17 es tha the .third radi us of
curvature ( of T ﬁé’et@H}l%ngfgdﬁlalml HWO%HE%% annel (125)

mechani cal p0| i Shhﬁhgcerﬁm%'lﬁie?ﬁlanﬁeté\rﬂU)% n&ef?fﬁied 15a retaining ring
(101) attached to t'he carrier head, wheréin the retaining

10 7. The retaining ring of claim 1, wherein the first radius of curvature

increases from the inner diameter (112) to the outer diameter (114) along

the length of the channel (125).

8. The retaining ring of claim 1, wherein the base of the channel (125) is u-
15 shaped.
0. The retaining ring of claim 1, wherein the channel (125) is deeper at one
end.

20 10. A method of using the retaining ring (101) of claim 1, comprising;
retaining a substrate with the retaining ring (101) of claim 1;
applying a polishing liquid to a fixed abrasive polishing pad; and
creating relative motion between the substrate and the fixed abrasive
polishing pad.

25

11. A method of making the retaining ring of claim 1, comprising:

forming the plurality of channels (125) in the bottom surface (107) of the
annular ring,
wherein each channel (125) 1s defined by sidewalls, a comer (130)

30 between the sidewall and the bottom surface (107) having a first radius of
curvature, a corner (120) between an outer diameter (114) of the annular
ring,

10



ring conprises an annular ring having a bottom surface(107)
configured to contact a polishing pad during polishing, wherein the
bottom surface (107) has a plurality of channels (125), each channel
(125) defined by sidewalls, at |east one conmer (130) between at

20l east one of the sidewalls and {he om surface 07) .has a first
Cadi us of ourvat uMerehdiedhoRtom e <f0?7§ V%S%&?Pda‘%%@ﬁtoéﬁuﬂ’ﬁ%%?

(114) of the an ?u Lefeabti 3G ﬁhﬂﬁe Eﬂﬁ-m@ﬁg(tl g?j' ]?Aérﬁ %8 &Rt Qﬂsinﬁealﬁcﬁglﬁgtgr

radi us of curvature, ereln an ast one of the c

(125) has a w dt h(H®) ad e retainRgi nmgethatlisakesd than (al wRith afljatére to éhaputeng
ring that is |less than mgfdtftﬁlhad' acent, to the outer dianmeter (114)
of the retaining FPFERFEMHEPSSIHRIIRETB&st one channel (125) has a

third radsus of cynéaiviR ekt RASINRE (@ROUMasathA irddiREEPARYAIGH @)
to the bottom surface %107) that defines a portion (160) of the

channel (125) thathat|dgfises sutortian ofhenrlnnel3024) s rtaresoouthte et width
diameter (114), adjacent to the outer diameter (114),

wherein a corner (170) on the lower surface (107) that is adjacent to the
inner diameter (112) and the at least one channel (125) is also rounded, and
10 wherein a fourth radius of curvature (R3) of the corner (170} is less than

the third radius of curvature (R») of the comer (160).

12. A system for chemical mechanical polishing, comprising:
a carrier head;

15 a retaining ring (101) attached to the carrier head, wherein the retaining
ring comprises an annular ring having a bottom surface(107) configured to
contact a polishing pad during polishing,
wherein the bottom surface (107) has a plurality of channels (125), each
channel (125) defined by sidewalls, at least one corner (130) between at

20 least one of the sidewalls and the bottom surface (107) has a first radius of
curvature,
wherein a comer (120) between an outer diameter (114) of the annular ring
and the bottom surface (107) has a second radius of curvature,
wherein and at least one of the channels (125) has a width adjacent an

25 inner diameter (112) of the retaining ring that is less than a width adjacent
to the outer diameter (114) of the retaining ring,
wherein the at least one channel (125) has a third radius of curvature (R;)
measured about an axis perpendicular to the bottom surface (107) that
defines a portion (160) of the channel (125) that flares out to the width

30 adjacent to the outer diameter (114),
wherein a corner (170} on the bottom surface (107) that is adjacent to the

inner diameter (112) and the at least one channel (125) 1s also rounded and

11



wherein a conmer (170) on the bottom surface (107) that is adjacent to
the inner dianeter (112) and the at |east one channel (125) is also
rounded and has a fourth radius of curvature (R3) neasured about an
axi s perpendicular to the bottom surface (107), and wherein the
fourth radius of urv ture is less than the third radi us of
curvature (R2); a ah6F &9 UEBF}F%%}P%(WE“%?}HSW b én goISPSRCRE AR
and retaining ring fdiboRGmRAthSN{109), and

wherein the fourth radius of curvature (R3) is less than the third radius of

curvature (Ry); and

5 a platen configured to support the polishing pad and retaining ring during
polishing.
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