Retaining Ring with Shaped Profile BACKGROUND [ 0001]
This invention relates to chem cal nechani cal

WEiovskidmyg of sem conductors. [0002] An i nt egrB@ETUS2008/070463
circuit is typically formed on a substrate by the
sequenti al deposition of conductive, sem conductive or
insul ative layers on a silicon substrate. One
fabrication step involves depositing a filler |ayer

over a non-pl : f ' he filler

| ayer until fﬁ%ﬁﬁgﬁﬂ%ﬁg3§§“gﬁgégggEﬁngggg%ed. For
exanpl e, a conductive filler layer can be deposited on
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s R R R B BR R neBrbmh Bt paacriane
o€ thei cohduictiee 13§ fchadiging Bedwedn the faisse pat@ht @fshe/iasydaive laer
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GRYHuBEANE Th adBEbE plandiaich ik h&ded@anRfi RVthélQbstBate surface
controllable | oad on the substrate to push it agai nst
terePhgilithomiany. pad. The carrier head has a retaining
0Gv3] Whi ChehOhiels reBRanReShisIRhE (VP BiacBitfiddMHethod of
polishing. Apolishing liquid, such as a slurry wth
alpnarzaiien. phirs planasigationgnethnsiiypiendly resuitbethafithd swbetrass bet he
QI‘PAuhL%H \hY c%gr or& 1 YheL((P szf"dlMlPQ ﬁzﬁlﬁuie nﬁ)%%(é%@& surfice of
retaining ring for cHiem ca mechant ca pol1shing I's
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t t.om. surfac anf i e 0..contacgt_.a Lishin
P P R PRt R R b SO M PR o B PR
poughededtsyrface, whereas a fixed-abrasive pad has abrasive particles held in a

containment media. The carrier head provides a controllable load on the substrate to
push it against the polishing pad. The carrier head has a retaining ring which holds the
substrate in place during polishing. A polishing liquid, such as a slurry 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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of channel s, each channel defined by sidewalls, at
| east one corner between at | eastone of the sidewalls
wae@vka4bott om surface has a first radi us of PBCF/US2008/€70463

and a corner between an outer dianmeter of the annul ar
ring and the bottom surface has a second radi us of
curvature. [0005] In another enbodi nent, a retaining
rana@f the siflewalis dnd thetbiotiom|sarsace hamﬁml radius pfvyrvabaré angl ascorner
B)ewleena te?(ﬁgm&grngf tl%uarnglgll{ né aD E‘tl%(i)tottgm% rfac%lﬁ gseegndc’i

om surtace a
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t he channel s can have a wi dth adjacent an inner

’ cFPgﬁ‘ié’tl%?haBYfefF‘ﬁe retaining ring that is less than a
66D 2d] agRNMetalifRnAngR lé!u?l‘iavg bﬁéT&tn‘?Jre 8f tt Bftlofaletkithid

r| ng_m The at |east one channel can have a third radius
o’the Ftyagiusrod cuetirean begsiakio tesyse¢and resfiustaf suryhtyiren dhe first

cﬂﬁs éfl C %@éﬁ% bk gt 1%%? I%U ﬂfl{: éﬂq& @Fo%tof H2 Cflﬂ‘l?lﬁlg g!mglgavs?_ﬁ o

I amet er. armel can be U- Shape
ohdihradj acg@d an asralianagand the netammgtdng fttrad i3 1¢sk ¢hain mrvadth adjacent

i t outer.di ane chann
Q glggl%tgr id Igetér % th& retflag)éﬂng.r:l{ge e}tel agii one I%ganrnlglncan g%vr? abtglrd
usdigs ckf}cutvetum thatni@ﬁﬁesambﬂton af thewhirhelt tha flags autto g widihg,

sh| ng fixed abrasi
H0Reh ek B e abi i o b slfnoe $Res el vBisshime!
saBiveatcansdg dé ﬁ&mxmnad@ dRGdeted tdHBé bsthi didnad Thé ORER
A systemincluding the retaining ring can al so

Camps fgrergt engenfar head, to which the retaining ring

i[600 t achethARdinthgHimianbe el by %ﬁﬁing R sSHIRRO Wiith e
pol i shing pad._and retaini (Eto“ ng during polishing.

[[efRID0E IMEcPabing A polighing laigio afixed al@maw%mﬂgmmhe
cfb\éﬁﬁ%fepaﬁv@ﬁm%n&%et&&httﬁk duﬂst;a&eana %%aaa A0S 18{ S

description below Oher features,
eiWM)Shdv ant ég&en@fnctuﬁ@g ithevietaningrringicn albecampise @ namcrrl@nd,

tub@ %ggmﬁgg\gﬁr%g%wﬁgg%a%g@@{g%g@débsur@h&h{@pohshmg

n»ed srpbctamng gt duong polsmgof part of a retaining ring.
[0009] The details of one or more embodiments of fhe 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 1s a perspective bottom view of part of a retaining ring.
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[0011] FIGS. 4-5 are side views of part of a retaining
ring. [0012] FIGS. 6-7 are bottomview of a retaining

WO 20wg/01J4@013] FIG 8 is a perspective bottom vPENUST008/070463
part of a retaining ring.[0014] FIG 9 is a
cross-sectional view through a channel in part of the
retaining ring of FIG 8, [0015] FIG 10 is a bottom
\/{P%W] of a FE& gllfh# prgssrseetipnal ooy Birough e.chanpelis part péthe i al

%#éﬁg 4§§?§?§éa retalnlng ring with a graduated

1GS. 1IA- I ID are cross sectional views
d0015d|e gr aliliad @ d artattoin. viqvoQki8Ftainingaingef er ence synbol s

[ e var .
I ey DR BT BB HEZREs ltin PR & pracygres
sadist rat e can be held by a retaining ring 101 secured
t carri r _polishi.ng.by a em cal ..
AB0Fn T o Flo TR AE e thsy St Seud of REEPated i
deersjer heaikeirderda®alinbelsin the Vhrfous Baivaigs itkratedike dletets.
15, and a description of a CMP apparatus may be found

in U S Patent No. 5,738,574; the entire discl osures
of these referencesDEFAILEBRESCRIFTHOor at ed by

r ence. 020] ret |n| onJ a of
AR ER T <  RbRRT Rk L SuRuriEn by B BkA P RBE 10,

| s@c\ﬁﬁdri]d tblal’d:Grribf)Eeadlf& p?ﬁsﬂﬂﬁmlo 7a dhleﬁg:aﬂ-ﬂl&;hgﬂﬂ?ﬁ pb@éhﬁi (CMP
105 has r surfa t e into
CBRYAE: ‘&f‘{lﬁ BT ‘%ﬁﬁgn‘ﬁg} 6“5’&}’6 LS hﬂgl %@fd 3> g2
afRsdriptiei oftH GNP taBaraklZmaNisk BindiH (S, FicaMRS. 65733 $44 the entire
I ndi vi dual portlons of the | ower surface 107 of the

| dispkosutes pfgfhese sefererees aig hersby Byoperpied b¥ refergras: as the oD
pad0er 120TRel-WRed): (%eloll PRy paﬁ'{"&ffv@ﬁ& it Qfovalydad e outer

iameter 114. Then corners are free of sharp
egpBmicted fram tve ringh @ lowsr Hiag éO-‘c@mi abelpm uing é 0. o¥he lower ring

01'63‘ 'Hgseé' %@er JquaéeOI:;@ tﬂm%eﬁ?gﬁ t 1n{orb%féaaxﬁ1g{ e{]]ﬁd’hsll:ligggadt. he

corner between the I nner ter
Slihe flevess 1109 705 hemsaraingdidiapeted § B anfilae ohgrdiamétesHar mnmgm

%oﬂﬂ)%s §1u&1£ er surﬂ@é l&ooqéh%clswérhr%engq% areri‘)ou e %y c%raers such

m ze one source of a”polirshi'ng
ds thier@D parhérsia bgtwebDO2 Igwek Eur&'omkomliﬁolﬁh mﬂﬁmetdﬂ e14.

TN R MR T
rchafifedddl hdwmer@nu@aimeam fag ID CehaElng, thaCordr befieeh Hener
Sélll'larnze?e%? 121and t e otwe;rjl gu?fagenm%l ﬁat;earshgrlp% geo fThEa rl]a%k %F &gppee!dées
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 lbl 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 channels
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),
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125 can be simlarly chanfered or provided with a

radi us that further reduces or elimnates sharp
wW@orpets4on the bottom of the retaining ring 1BAT/US2008/070463

[0022] The lower ring 105 can be forned of a materi al

which is chemcally inert in a CMP process, such as a

pl astic pol nyl ene sul fide (PPS),

mﬂlv@tdﬂep@ﬁﬁﬂpwa% E P’éwmléwl@dﬁm)a palysgheriggide, (PED), or a

;rc%u_}gggl{e t&)b L @%elﬁ\g%n gﬁé}}fﬁ LlP(y L@&lﬁaﬁl@gﬁ%{rggio@} Wear rate.

(IPBdditipm |t1ys[ letvcrafﬂgubqnd@bhguf@q]@lﬂ(y I@EﬁﬁEx)esmble so that contact of the
P th |

s%lbéfg?e et%l &r%?n%f) tlhg re%n%H% h{l%%)e% %(r)t cﬁ%sles uf)%ra? t)) ch%) or Srack.

C{DIII ﬂlb Ioﬂlealimhdhﬁv Em&r timywhoeldmot &t se.eldstic thakdiotvinonrd gréseure on

r r|n sufficient npr.essi bl e. so t hat
B Elniting g (%5 TS St Yo BRI RER BBt
mmogg@aﬁsnpng6pause the substrate to chip or crack. On
th t her h the | r ring. shoul d not be sq
dPO3ic th H%g*?@@gm@mgﬁngﬂgl pamtbsifermed of 2 ng
GAMSSS tHaDB rﬁ&mgld fhaRGhd 1BwEHideUdS. THY 9oill BRtesiHbRh bak etal,
recei ving recess 140 (shown, |n FIG 6). [0023] The
ppettaiplpsigtesl molybdenym, preleminimgor i GSEmIQ £-2o ARmHea, PHetherd
%&eﬁplgﬁlrﬁz{téﬁls tﬁl@tupf)e? iR h fo ﬁz{)gllt%vér Igf'i‘r?a[c(e 'él&d MJIYﬁEr Ju&‘fg&e

The rigid nmaterial can be a net
s[ﬂ%\%hl ess Eh@ewer andlupprd emgs] 059 1 0tbgatiien tmqn tber regaining ring
a t | s.
L2 Tl e win B0V, B wilP B SR Bk B 038
smsitianﬁel ad{aCO2 & tha'hﬁ/et owface efithe uyppeting | mg $hd b, migio
r for t ai ni rin
PGyt iR S aDfenkio oy e s B ety
¥RSEr inferROSick lsmaﬁataldsj to @ings 103, lfoefohﬂvlaviﬁﬁslﬁsuff&@&ehe@é tht Reo
uppe [ 110.. The twaq ri gs generally have
éﬁ’&ﬁ%ﬁﬂgﬂn??“fhﬁ%t &ﬁ’i?J%‘P nsions at the inner and
0023 dl ameheippeurthddqhét shoa9lof Heubp&Qing U tH odrldally idefud
N L gs 105 p@ilorféﬁm ; ?Fﬁsoh su??&cggv\he%e thg tvvoes

r*a%%@ émtkésrve&@th%é%{eCW%ﬁstﬁmf‘éy Sugheas polfsnesicws otthyr hardware,

UBIRBEurfng theAeRirk ngslf@@‘f@%e @im&ﬂi%a&' PPRIholds Bgh Yel@enly spaced
general 'y includes holes with screw sheaths to rece| ve

fa&ytné thercgrries heag. éédlﬂematllg, ong OF maks alignment ifratur¢sasughas e,
Eargﬁ Cd{ghﬁ&nbﬁke(n&esh &Mu&qte&% erQOﬁ her, geéﬁfthee&pper

hol es can évenl'y spaced aroun
Gmgrlil‘ér If Iti@adtammgdlrlglhemm alggmnont@p@tuwnﬂre@aaier beadean have a

81458 R PR R0 ARSI LA e,

retmiging Hg atefprblitely rBgredn Irr@meumgleiman;tamnsahct gpraisng ring 101
erture rie ad ¢ v rre ondi n
L T R I S L

(Dafel‘: dﬁmeieeﬁml aldowdng slurry or air to pass from the interior of the ring to the

exterior, or from the exterior to the interior, of the ring during polishing.

[0026] The two rings can be attached with an adhesive layer in the interface
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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retaining ring are properly aligned. In sone
i npl ementations, the retaining ring 101 has one or
woreee/013epugh hol es (not shown) that extend frper/UR®08/070463

i nner dianeter to the outer dianeter for allow ng

slurry or air to pass fromthe interior of the ring to
the exterior, or fromthe exterior to the interior, of
tdveilablefgory Mﬁgn@}iapfdwigs’rﬁf@amptwmrgm eAltappativeliighe enpny pan

e E Sl ol o SRR ngferh Mong e PR P Hleh Ao
tepoxyp dfigh mltrqswawer cmgy eqmtsyiegISﬂamn ofithe ndhegize byyarl A 15 due to

Ihhg%ql'lr Igea{ &itin ghhe pOﬁlS dlé%/ rgfe\és tIa a'_iglrrln tlglme ?:{ drelsr t}%f Sever al
dui¢ludeg polymhﬁie,cmﬁh JmeﬁOS/htorlDe%qﬂly\amide ﬁidei\hph:md mlnes, such asEJ
e
VR GoB re p RR ) wn o Ml e G ae SR
Gha teiﬂén;ﬁe tlﬁ&ﬁg}gtﬁperédufegﬂpﬂﬁt mﬁﬁb%?%ﬁrﬁ?y%g &1 Jogp8!
efgaweﬁge COmPGROT aiseku Lk & BpsRO™ bﬁ&é@@f@

qmzsm EQQOHPW BRGF RSk deRtadatioh Bﬁ:oﬂﬁ)ﬁ@§ &d’&hér@&lﬁésw@s had

due to high heat during the_ polishing grocess

censeqnantly ﬁ%ﬂuéqﬂefﬁlﬂla@ Heni delemenation, x@egrwf:i iea bp swedrbsdlégh
SR BRI R PRAHARD SRy o AL el B

tshiry0%ebh the pdiskingipwbésphat i ¢ ami ne. For exanple, the

OB o £ A RRON SO e e splelish B s han be

Qoessee fit ausnap firtogealet,i or bharintetl (0ETg Paftiohs siekh ak d¢s¢nbed in

t ts d dat. i

SR N OB R TSRS BB PSR B it

tﬁ@ged&kﬁzﬁhﬁ&idchfhmamgémﬂamm? athl, @&r@ﬂmmﬂhdqgn@d@t&e as
e nd .absorpti an,

Ao e Pty Aprfeiot Re To0f0TY ik etichS fiaimoracd

peteibior My pRPEEESS. [0027] As an alternative to bonding
the two rlngs to?ether t he rlnq%s can be pressure flt

d?‘%hap f i REfEianBC: 2.dp semg ambodimsnts, theichaymels 127 Bav:
Pfalleldpald 85HE p&ﬁgn bﬂhyeﬁnné?aaﬁéan 13%he ndd Gt fel 1 1quﬂe

is incorporated herein for al pur poses, or fastened
tcheyaels erdan as they am@ewéﬁhwerfdmeéqﬁé  The portioneof ghetpbimnel o

%ﬁ‘art fsvx %rcerﬂ 1@ %{I@%ﬂaﬁgg %g%r%; t%%itg% Sgsﬂ Vbﬁ? Cﬁ:hi,schannel

|Tﬂilé mogér %tS @an bﬂeﬂim?(h efgo itrizaghlapin shaps e ;n sopeER®pdiRshtsr the ng
gl‘ti%)}’l(éf ch%lﬂelsa(a{.ﬁgtlﬁ EPad hﬁgmlgmef*tél{lﬁré& {Ude' s 125 have

ara e portion 0O annel adj acent
t[tb0219h e i nnieradditiemtet the pdrii@sa thetlbveercindava dDs hwutgmllassed

Hm\érsatgg h&% 1£d1 ST Uthgl[me {h%{rv%ltdgr{s can alsc->r Qe c1Pr\96rdtor %ave a radius
of curvature. The radius of curvature R; of the corners 120 or corners 130 can be
between about 20 and 120 mils, such as between about 30 and 100 mils, such as about
90 mils. The radius of curvature R; is about an axis parallel to the channel axis. The
radius of curvature R; of the flared portion 160 of the channel can be between about
20 and 200 mils, such as between about 40 and 280 mils, 60 and 260 mils, 80 and 240
mils, 100 and 200 mils, 120 and 180 mils or about 150 mils. The radius of curvature



that is adjacent to the outer dianeter is referred to
as the nouth 145 of the channel. The nouth 145 can be
WO b@petk44€£. g., triangular in shape. In some  PCT/US2008/070463
enbodi nents, the portion of the channel adjacent to
the inner dianeter is not flared. [0029] In addition
to the portions of the | ower surface 107 havi ng
BRel it mezserpdabeyi en gxis perpendispiar torfhe byepfurfapgel WHed Hiartatnfig:

Vﬁn el'fﬁ ‘fﬁé’]ra%{ﬁ§ of &?va%ﬂé der:{)né?ﬁY 6r @n'c ng §loQ£ the curve.

vat ure e radi us o curvature R of the corners
]IQQBQ])r cor Refeging3QFa B, thecdyedratambl30tcag be ahmlfmd)or

it S BRI RSP A - b g
detvecep abault BE& antl 60¢, Isechcab abmmI45°a>Asshomhm KFIG8i 4anddf, the
t R2 . of t 160 th h
BBt e ab oo BeaRas ok el e 48 Gdee
a{a@%wﬁ%wﬂm%so m I s, 60 and 260 mls, 80 and 240
100 and 200 mi.l 120, 80 bout 150
Ted The Fhthefintes vined Sheiiip SRS 155 s thesits ﬁ%%ten%

A bstandglPeasliet Wit thelriii dTehd 1@MRNingS il 18¢ e RABHinRfto FITE 6, the
retaini 5g ring 101 . The radius of curvature can be’
@

PARTINCLINA Y (o irethardigf theaeteiging ging 1Hb Jugh as at an

Bﬁfgl% IoF bet@edrnabbht@se 3nd 400 SubiPA o d k39" REQMNd ROFIGCRANDE
chanfered or tapered i nstead of being bullhosed. 'An

Zppvepeandeee agryiads thet are nefrphralelig ovcanother, bettdixesge fxtyo the
élQne? Eﬂm@%r totHE altgr%lﬁxpe%ft Tﬂéd vé@?llné l;]@g‘([()alisrz:aljl: i)ecﬁ coﬂigﬂlgﬁjon
, the ase

anfering can exten to the
ofitht chbercstraighe(paraRg tothe cain) exdngled (g5an anghatp thionadii X gleoves
eI [ [ et ai r|n n. F
0BTt oovitdfial Rt BB L Ty Rpheateisp e s
tolﬁdlerchﬁhnlel @h bt heindet siwdln @efelmi’tg ta (BIGS 8Reft1erdha1ﬁgl 123 is U-

t he graov 125 al Ie
Sher S e Graion g TR IeRGHS Cart L g0 Bfkgmather
ok czﬁﬁdl\'@g’eﬂﬁﬁb ﬂtétlmﬂe'i_’ dRRetePdwatdtedodsr @irﬁ’é!é}d)r #0m the outer
Referring ta t he grooves can have si dewal |

tdpmetes towasd the b‘é}eéﬁlﬁlé‘?te{ b 4o Furthgrdhedipth of the gpovey tat IF’rtBem

td@ank 136 thY IQWEE s@ffa&eq o7 iehe uﬁs% lof the @ABIEI 125,188 remain
di verging sidewalI's can be in conbination with either

sppsiang Frem thraipagr dgmetes 1 hte theeiiterdiagieternd|tenativaly, tha depth of
Qﬁl‘;g(!hﬁnﬂepcénhﬁrf ﬁ&ﬂg‘ the BhARY¥Pe C][lanQazln dotheAtlfolinRts! e

havi ng roundéd corners; in some enbodinents the base
@harmplds émarmé thedaer Biametstitheie et thesouigsdiamergsf brsomsg to

Fl’ﬂ%dll’n%mg Exg 184 Lov&;'eg ;t hes m#r?rlm&qer ®fan I'A?‘ﬁw Buter

sem - C|rcu s can el ther be
Paangidreln & Iowonmlgallﬁ)é thireng a)thmkacss of steuy22 Sfmidsythe lebarinpiten

gv %(rert‘\?vtegr{ a to%%’\%r aéldtZES lélts%cr:h dl o t erb0f57§ rr%“i‘S%)heﬂso o% er
aneter owar I'mner anet he
dephple,dROntiB. gr oove, that is, the

[0033] In some embodiments, the corner between the lower surface 107 and
the inner diameter 112 is not rounded or chamfered. An abrupt edge on this corner
can prevent the substrate from slipping under the ring during polishing.

[0034] Referring to FIG. 10, in some embodiments, the corner 170 on the
lower surface 107 that is adjaéént to the inner diameter 112 and the channel 125 can

also be rounded. The radius of curvature R of the corner 170 is less than the radius
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di stance fromthe | ower surface 107 to the base of the
channel 125, can renmain constant fromthe inner
wele@aeines 112 to the outer diameter. AlternatiREN/YS20081€70463
depth of the channel can vary along the length of the
channel . In sone enbodi nents, the channel is deeper at
the inner dianeter than at the outer dianmeter. In sone
erfisapiesidhe qon@r efhRacin some smhpdisgats. the radie of gigwature Rs
In a lower ring
qgggfﬁgé\?l{ar?%w Eﬁ@gﬁ’ %gg{ag%gﬁ{mgg{é}sm | s, the channel
dae33e bet Re@n‘ﬂab@ HIGH014hg, 1n @@nmmbodlmmh thegadiet afeen
bl sk Ehchefon e oLS3f ofRHIER G Bdnffy 157, AP e
Sadlﬁaczfscum(aﬁlrawﬂert hewvddraheng adrassedceon dfliBe chanmatﬂZj camnnkarehse

or decre se felé]mg the 1 nlg‘%aci & t ecl%F 191%0&19 er%b é;%gn%% ﬁuc% as the

reven fron

ohmrboﬂgnqml shé\hm I1I1g=. ra{hﬁ@&lb}lrvlaﬁlfrcembﬂeﬁ@s frOm lﬂlleﬁme]:](cﬂlametbr apthe
enbodi nent s 70 o urface 107
R ST §GmPREC R H AT e Qi FAD U e 202

ciiakaa el thd %ﬁleﬁ(ﬂﬁlnétblsﬂ2bsﬁsrﬁdﬂld§t dﬁ@lradﬂib of &udetinits 204 is larger, the
curvature R of the corner 170 is | ess than

radirt et iourhichfs deser te dierfufer dgmetersdl4 thﬁl @6%02 and
ezm odli 'leﬁ]%e? i the8dil @&h%m?é c1644f fbatﬁéjﬁxﬁer%dn'feté?qu\@rﬁﬂhe
about 30 and 120 mls, such as about 90 mils. [0035]
Redipy ofi gy atuge F)8cinsest 1o the pytes dameserel 14 ifhellarasstt 3n sanie
r
egﬁ;ggﬁqus B LR UF ol gfs§$ éaggssﬂ?&w@"ﬁ h%‘élﬂ%%&b&er
Gmdvﬂmuﬁ@nWWGMNMwaéU al ong a cross section of the

el 12 inNGr r al on he.
jp 0l ch aﬁ% @ﬂh &bsggtg %Jétﬁﬁ)g% gffrtég %%a%u ?g% dte ec?ﬁlegem a
eabyedhewd wtith ashtalmng ﬂdgeattuc&dd m®vesfa mbmmwtfmnea trmtsfee amgen to

t t.h t ai.ni. t.h
Srap oo oar AP PteShue; et GMPRY M g et et
&pph@tprsﬁlrQQﬁh@hmstmd arldholds ehel sabstrateip#in® e pokididng ﬁad
I.l est, adi us of curvg%iure 204 is l.arger., the

r
ES S‘H’P"’& v ﬂiﬁsﬂ Jgomg pmpements, thepofishing padds aiivel
dbﬁ@i% pdshsihﬂqg phd) a4 rdl ARk imoBOR isdtdted BdtwebiS the SiLEREte hiPihe
the radii curvature closer to the i nner dianeter

pobshingpadpsuch ahyi retagng the platen otatipg the cprpispkepd ttipnglpting the

QHltn%f hal arRbaE cézﬁ-lﬁndt%nttﬁé?eok' ah@&S the hélisBiAEequence, the
nmbodi ments, the radius of curvature al s6 decreases

ﬁ’ebﬁtrmg iglogaiesl Witkin Sutreqeivingnesse FH0anlich mesyertty Basulisaate from
| ] i.sh: | '

N P e e T

Vg arid fzom Eieaibitmig when theattriatigethg il ss9n eordacbwith dtegpofishimg

%a&.r msrfo%{deﬁ %%lérg th 8 retaining ring 101 reduce damage to the fixed

abrasive polishing pad. Once polishing is completed, the substrate 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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polishing station on a CVMP apparatus. During CW
polishing, the carrier head applies pressure to the
waawsotase and hol ds the substrate agai nst thePCT/US2008/070463
pol i shing pad, which is supported by a platen. In sone
enbodi nents, the polishing pad is a fixed abrasive
polishing pad. Arelative notion is created between
tdemsitivelds shaap eornersl $Haep orarsstandiy sppagh o grdig anjo [fired abrasive

r th C
tp?)télﬁllgimg% ﬁgﬁlﬂﬁﬁ%@? isléar?ls ﬁ(&ﬁ%gfr&g Fhe Ig{aflﬁr%:%%ﬁcgﬁi m1n1mlze one
tdfelneeaoﬁrcesmfrdamgga teehqyodi Bhéangy tlaeqasﬂem tes hltebetosba ldsma@dethe
ocated w t rece L C

Fravs ity ARabFaG ALY s RRES o A et o o
| polikhing x@hamlfmg:hangﬂg th&golishiap bad aﬂeequbbﬁdanamsnhe t of
slurr nd.fromthe subst when the retaining
riPRY? f)inq @erFWIWWQEQd“W‘FWO[‘%’é“g&HW shing pad. The

d;oor;s;led COIMAkdRioh o inbRadiel Bé BdeRg lifd df@he]{Q)thlﬁgj ethe
amage to the fixed abrasjve polishi

pfs‘iamélm s descrbrddicrinein redyge thg gupyniog ?%1 ahEE n%a&sm@hféat

neXberst&RoMfhd ﬁb@isl’ﬁf?é ba?eruHH% ﬁ&ﬁh!i%@ CBecai¥ABAL isBE abrasive
r et ai ni ng ri ngs descri b erei n have one or nore

boaterind Sec o the Kurfrce pEdie pelishmg padythamebabiithoisarinhizg the
ce
TS e P kA dERLO G el BRI b
@@rfms thapeamtashithe polishingtpad reiduey or phrgmfateamh@magd ngndatloning
brasi ve polishin
& Eg?ﬁﬁﬁg Bﬁg%ﬁwgﬂ%ﬁ%E%Pg& égaﬁgxed abraglve )
|do039$ hi ng p’adaothemﬂmtﬁl obthe vetaiying nia g tith EOlhlde(Bmeqi)lS the

e rners tend to slough off o .i.nt
PSEH Sir Bt DD ST e e R e ra g Befor
chafngelrséd th polishifyubstiatti Mhé\@nound gf redk iffitifierthiz Be RAgce@by
t he source etot ad. Because the pad is
reudimg t %?Cfg ?thﬁ reffgﬂ’é?g%‘?ffte]‘l‘tﬁlg S:pad has a | onger useful
I[mm] Al OﬁglﬁﬁlbéﬁﬁfeﬂlbodIMEﬁs bf RO EvaltRS hh: BeBS SesHioMa.
time of the ﬁollshlng paratus for changing the

p¥vERhelsss) %l by padere tvpraensindifisptionsanay he anade withayid
tdRBSrBALH Sin M BirkR hRAFYEH Mehembénabﬁ nﬁortek{{ﬁple [anQﬁ&] oflthe
addition to increasing the useful Iif

pvenwrwtnlgnm@gs d4serihedthgici aap be uw@w@e&l@r reﬁmtnasm n

f at
b g e ng i, ARE RN BB Rl
Bemau@eusemrtwo Pyt Hiegssan bisabd wsed with emglgipicce engsomctdrdingly,
ropability of

e fodteliy B Rt BB IR RRIRER ' 2 be
reduced. Rounded edges on the retaining ring surfaces
that contact the polishing pad reduce or elimnate
pol i shing 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 tine. Many new
WO 2a09f0m4my rings require sone break-in period PEFURW8/070463
bei ng used to polishing substrate. The anount of break
in time can be reduced by rounding the edges of the
retaining ring features. [0040] A nunber of
evbadil Phe i-nvention have been descri bed.
Nevertheless, it will be understood that various
nodi f iLRtalRSrinpesr &ﬁnﬁ@ﬂﬁeéﬂaﬁbﬂ%ltﬂﬂ@aﬁéﬂﬁﬁﬂgf omthe
spirit and scope of the invention. For exanple
f eat ueegnmar e hyvang Hbeftomewusines sepligyred)to cariaeeipslighing pad
%ﬁﬁ% P%lfsﬂfﬁ b@hét'cqiﬁ‘ theWoltbm QEARRE h£seat}ﬁhtghtg}g>f Ellla[ﬂgecls each channel
desc FKerein or other retalni ng ring features. The
fdsfined yssidevatls, at least esrcqortive betivesrait teastome obthe sidewalls apdithe

r &E:]t%l?x cﬂ‘]e %Laé % {iﬁ?ra&ﬁlg f égﬂn;alalrf érﬂ%lr cg)n%!r ?ﬁﬁre&{ ;ﬁl%%ter dlamete]{

tdf ehefanhlhlawmnwnd itteei bottordisdyTack BaCl sebdvidPadis of turvatued. ai ni ng
ring for chem cal nechanical polishing, conprising: an
annul ' 0
ot ache KBBaP AL BB 10 h RS el LR st o
bl seoondsadifimcteuhasira plural ity of channel s, each
channel defined by sidewalls, at |east one corner
kget Weqie ﬁettaltuﬁgflﬁg Q{L?alﬁdl %@rel?ll tﬁleeﬂ\@t! 1J &m@gpcum&rg ﬁta{ fgggt
surface has a radri us of curvature and a cor
pb@0wekn an outer diameter of the annular ring and the
bottom surface has a second radius of curvature. 2.
The r I
ot BB bk RS, Bhifhiat WAL S de\habid éssﬁas = gfidth
cadjamajt o Sner3lianidie of dteactamnmg rmg gt Bfless han mvzﬁdth\ahﬁcaat 1 an
u?erdm e{eroﬁgergan% curvature is at least 120 mls. 4.
he' rétsichi ng ring o'l aim 1, wherein at |east one of
t he channel s has a width adjacent an inner dianeter of
t5h e r dhaietainigg ringief ddvatd, wherbipdlee 4t keast ome vhaginél hasdg't ﬁnd;tént
th talni

qll?gqof%%f}vg{rufegthﬁ'ﬁgf 1%1s a. ortlé?n% W{hg rceal.nﬁel?tﬂat {eg Ptétgtcs) {he 1gth
mbﬁwmmtothaemterdtdmemt. rad| us of curvature that defines a
portion of the channel that flares out to the width
6%?1 2?%{‘}6 re&aml%nn%&t c?atuﬁg aeérgm (t) etlaﬁe ofllﬁa%hﬁt a Pslun édng
u-shaped. 7. The retaining ring of claim1, vvherel n
t/he cRbaréinihagngofotarstlanwherdia phechimmghhas a constant depth from

the inner diameter to the outer diameter.
8. The retaining ring of claim 1, wherein the channel is deeper at one end.

9. A method of using the retaining ring of claim 1, comprising:
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.

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

forming the plurality of channels in the bottom surface of the annular ring,
9



the inner diameter to the outer dianeter. 8. The

retaining ring of claiml1, wherein the channel is
waele@per24ad one end. 9. A nethod of using the rRPCHUSI008070463

ring of claim1l, conprising: retaining a substrate

with the retaining ring; applying a polishing liquid

to a fixed abrasive polishing pad; and creating

reheagin gachgbannglis Befinge b mﬂﬂéa LAeomRes betwaerdthe pidewdllang the
%rttgﬁll sﬁﬁao@%{nﬁgh ?gst grs O%QJWM th(P Q C&Ber'f)'@t%s}eglgaﬁ g\ﬁer

retaining ring nprising: formng t

pliametériof yhe@ﬁmldhamealné therbOttm stydace baving i feqorsl radius bfe
acﬂ%'m?{ ri ng, wherei n each channel is defined by
sidewal'l s, a corner between the sidewall and the

bottom surface having a first radius of curvature and

al leor rerctabingmingfonghemitabmedhianind pelishirfe, tdmeprisimgul ar ri ng
and t a vV

cur v a?ﬁ rargn%tlaf%& ﬁwutl % g(}#%%l éup@ce%oﬁﬁélqytﬂto cggta#% p% ishing pad
rtmuhgpol(shingpmherah thedottero mmfacs hasg{ plemlityrofi chaanels, ieach channel -

h f fi

SR e RRSalC T e SRR o STk R A e
suffhadectaaserad. pI urality of channel s, each channel
defined by sidewalls, and a corner betmeen one of the

id | d th t.t f. d..12. Th
S o A PP BF o R SR ek o S Tl
tddpcatan ﬁﬁbﬁdlhﬁ&era)fﬂdedétbmﬁ@ rihg @it isAess rtmarmdﬂhaﬂ}a&@m toQdn

t he ret aj nllptgl ing that is less than a wi dth adjacent
tob‘teéﬂlag’ﬁfeé? f EMSf the .annular ring. 13. The -

retaining ring of claim1l, wherein the base of the
dBanndhe tetaining Fiageftlaihall, wheteih eediasti sTghe dhiigheDis ucshaped
11, wherein the channel has a constant depth fromthe
i.nner -di anet.er .to e t di ameter...15. Th

e AP BRRg b hmett s fherdin B e s gt dgpth from
diecipadr didmedsigo tha duteddiaméeet hod of form ng the

retaini ng ring of claim11l, conprising: form ng t he

Iura of. chan i the bqt rf.ace
Ao ahé feuting BREMmUT HPGsi HceRRagt 856 oné B8
S|demalls and the corner between one of the sidewalls
ded t IAanebhactct diforsungd the eetaiin:ing hagrﬁﬁﬂaém 11 J%mpﬁa’mgh od of

using fgnl%leng tﬁe &hgil%f chapn%els m t%e got{n su?rface rg%ﬁe annlrl]lgr ring,
wherein each channel defined by sidewalls, and the corner between one of the

sidewalls and the bottom surface is chamfered.

17. A method of using the retaining ring of claim 11, comprising:
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.

18. A system for chemical mechanical polishing, comprising:
a carrier head;
a retaining ring attached to the carrier head, wherein the retaining ring

comprises an annual portion having a bottom surface configured to contact a
10



retaining a substrate wwth the retaining ring;
applying a polishing liquid to a fixed abrasive
w@iwe4myg pad; and creating relative notion bRCIHESI008/070463

the substrate and the fixed abrasive polishing pad.
18. A systemfor chem cal nechanical polishing,
conprising: a carrier head; a retaining ring attached
trolihies padrduring polishilg, wikszgie the bptiem serfage hasragplurahiy of

r
SRR e AN Blo 0 PN LR i R B e
Ve elle&udwtaﬂeartddhtt lmmomuffmdlah aﬁrsarapiuia pfiturvaurefand a corner
Cbe%]ereg larsl puts2di meCcer 0 nnt?lgr il dang ¥l%esooﬁgnvlva81|1r ck hat a éeeoan
one Corner between at. least eS\Evar 1%
tradiuboftcuomtuse) mhdce has a first radius of curvature and
a cornep bet n outer er of the annul ar.ring
and t RPB LB Ge P aterorda petEae it iiudgine duride "
qmﬁmﬁmyre and a platen configured to support the
pol i shing pad and retaining ring during polishing. 19.
A ystemfor. c qni ¢ pol i shi ng,
Ashor FEPHES o DEPALPeaIth Po PLELTG E hg at t ached
t o t ha cedier heat; head, mherein the retaining ring
conpri ses. an annual porfion. h ving a bottom surface
conf i GaFRRTBSNE gitgched toh LS ﬁnﬁigwbaamciltﬁrrngung ring
RBIpSikYs " anke p&iiBn hA\end 8B saﬁtée%ﬁﬁgiﬁéd 18 cOnhial i ty

of channel s, each channel defined b dewal | s, and a

deksieng pdtdnERgPAiskingrwhersin the Geijemm théa Bestarpurglésy 6 m
SHhfREE a'cﬁ ciatiﬁ{rf Rl by R AP AR £ EP DB & of

support t poli shi ng pad and retaining ring guring
F; cvgHhi ang the bottom surface is chamfered; and
a platen configured to support the polishing pad and retaining ring during

polishing.
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