e3eTL86>TYe"~ ri ""e'~' SUBSTRATE RETAI NER BACKGROUND The present
|nvent|on rel ates generally to chem cal nechani cal polishing of substrates,
and nore particularly to a carrier head and substrate retainer of a

chem cal mechanical polishing system Integrated circuits are ﬁf%g@}ﬁ@

formed on subﬁﬂMﬂMﬁmwumm“nicularly silicon wafers, by the sequ
deposi tion of sem conductive or insulative |ayers. After each
| ayer is depositedgidshe | ayer is etched to create circuitry features. As a

series of layers are sequentially deposited and etched, the outer or
ernost surface of the substrate, i.e., the exposed surface of the

upp
substrat e, bec u@mmmmmwﬂ ngly non-pl anar. This non-planar surface
presents probl otol i tPegeEnnlE SeBANIE the integrated circuit

fabrication processcotbtrerefore, there is a need to periodically planarize
the substrate surface. Chem cal nechanical polishing (CMP) is one accepted
nmet hod of planarization Thi s pl anar i BAEKGROWND hod t ypically requires that

t he substrat r P gxposed
surface of the g%gggra elﬁgeﬁTg@édkgg%f%%tééﬁé%%£?¥ng p51ﬁnh|ng pad. The
pol i shing padergnbead pelasband”opasubsicwtes, tared puides Fary igad agdyf aoe is
a durabl e, rQ“ﬁQfP?QrSHéééc nd O5uBs{tXEd ¢ fﬁéy%1§€9 gﬂ!ﬁh abrasi ve
particles are cont al nnent - hedr a. e carrier provi des a
control | abl en¢canicak. popiektugesyohemhe substrate to push it against the
polishing pad. A polishing slurry, including at |east one

chem cal |l yreacti ve agent, and abrasive particles if a standard pad is used,
is supplied Inteheapeti shingipadare typically FHERQDAH FEwpsdffagetsi,veness of
a CWP proces | i\shi r ?Pg y I ti.ng
finish (e.g.,agggggggpg élifg?gsca ge?%Ug g%% aﬁgl aéﬁe§§£%5?%355 2:
absence of Iaogéscaieetopegxaphgmcoiveh@rstmsulam£N$Lwayans Hi¢ epoleiashi ng
rate, finish f de by_ t I rr ation,
the relative gggéd $§é ?ﬁﬁg s%ﬁé f ra%% Qg %%% %br%%%%ggggyng

t he substr at éeagarast Aheapadrlea oﬁel@YanarazaIsequeﬁtxa&ﬁyumaw@sumed
substrate wa o] annay r i_ni_ng _rin
enconpa53|ng£§ ma? 5§P|%Bép% E §@f%$p%€éo%€rpose<% dfé@ghfﬁnﬁtfgggfal
novenent of the.wathe engSedngurfaqefmfcthews&hﬂtm&neﬁtneomméa’ and a
nmovi ng polishin . See, _e. e N 205 2. of __Nor m_Shendon,
et al., the apgg?ggﬁPg§gfnaﬁig%aPé&|n%%?%o&%té%l%ereln q%“?%fgﬁgﬁcéé
reoccurring problemsimnChﬁbiphbbelsbhcgtéphhéemmﬁpsﬁdﬂxnﬁa integratled
tendency for h g f b t h d|ff rent. rate

t han t he cenFnggfg ﬁgB u%gﬁ% #e§£§§é§%d8%9% $ %é E¥hé¥ reguF?sEPn over
pol i shing (theriedibcallgfplanamich nheesub$ttatﬂn$¢mf&n¢5trate) of the
perimeter portion of the substrate, e.g., the outernpost five to ten
mllimeters, although the edge effect may al so result in under-polishing.
The over pol i Shiengcei madhanpoh&spthSbinghéCMHbsisenue[nadanﬂﬁa’mmad@des t he
e ol o BEBaghatie UL Ahe, BRkRR,IDG edas Alndd e st e

unsui table f Sén rate and decr ease
requires that the substrate be mounted on a carrier or

polishing head. The exposed surface of the substrate is
placed against a rotating polishing pad. The polishing pad
may be a “standard” pad in which the polishing pad surface
is a durable, roughened surface, or a fixed- abrasive pad in
which abrasive particles are held in a containment media.
The carrier head provides a controllable load, i.e.,
pressure, on the substrate to push it against the polishing
pad. A polishing slurry, including at least one chemically-
reactive agent, and abrasive particles if a standard pad is

used, is supplied to the polishing pad.
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'~ 3 FEB 2003 SUWMARY | n one aspect, the invention provides a retainer for
use ih conjunction with a substrate polishing apparatus. The apparatus nmay
have a polishing pad with a polishing surface for contacting a i@nggwmhhe
substrate. The retainer has an inward facing retaining face for engagi ng
and retaining the substrate against lateral novement during polishing of
the substrate. The retaining face engages the substrate perineter at nore
t han substaﬂhbabEﬁeatsanbesdbfcaeCHPcbrcceﬁermmyiBé hesahred by ongst he
peri nmeter. Va& Oﬁ enho |nengs of N he invg tion.m % nf ude one or nore of
the fol | owi RGIIPRENTLAIRi AF%Y B¥e thEyT8RY g?sn?hgl% B¢ Far e pe?PFRIEE @

| east two dB&Q&&FecaipaQedgaﬁésb) hadaflatsesIhee I ¢t Al sbHgnE&COE NBYr§8Iage
t he substrate erlneter at exa tI two, dj screte, aced-apart, | ocations.
The retai ni 1§ &céoﬁﬁﬁréﬁéag uBEP?BF%t%e§?ﬁé aT%%gP%}l?%%%g a

conti nuous @ateynifengshi ahdzamatﬁésengﬁgea@ﬂérmiﬁ@dcwcmé epedtid zone of
engagenent nmay spa%p%g | east 10. The circunferential zone of quggenent may

span subst aftiU&Yy l@ﬁFFPQ'sﬁﬁgtFaiétb%?lﬁ%?%ﬁ batigeet Bt HidP§ ekt fay
conpr essi velandepaage ahlde thdbgbirateppessiR§ethat s@o Pt HE ¢ i dyaPhst the
circunferential |ocations along the perinmeter. The retaining face may be a
conti nuous @?M ndrical inner surface of a continuous annul ar

| ongi tudi nal I y-extending retainer portion. Such a retainer portion may have

an opening for receiving the substrate at a |l ower end of the retainer
portion and Ifafhfape a8arizétdRn efagemirenduet et comnperdtes tHeierdstyat e

whi | e nai nt aiMpl, NG tCARPKRSWNY @ cCg_IGHERANWM 4R %@@aﬁ#@ﬁ?rﬁi The retai ner
may be forned as an annul ar | ongi t udi nal | y- ext endi ng sl eeve dependi ng from

a roof sect eHFOBPEESEEGairnivAderi R§LIRAIPSLHERAE efO¥ r Be PBERYSDTOfhe ring by

an annul ar REREHting latbralFEBvEREALTHE tRLalAFEE f88€1 BN g PErém
cylindrical inner surface of an annul ar | ongitudinall extendln sl eeve

porti on. Th&hi&tdionePegenuthfeNataé aud anmanhed apokbehbngypad. See,

out var dl yextendi ng fd ange enthfos! %ezespeéél OF GEPRNEGhESaSA Ot he: T apge,

and the flange secured between a body of the retaining rlng and a carrier
body. Al ter fHts@hpsunge ofeiiigdr ifa}NFAEPOHRL A RereiRrby aveBersnsavar dl y
extending flange secured between a clanp and a nenbrane support structure.
The retaining face may be formed by an inner face of a band w apped

subst ant i al 1By Z@RIFEILLNGr BFOS LeRe 15uBYPr dsethndsereelibedrepdgeateyfect”,

adj ustabl e 1o £N034R AMJLRIGATE ! RReSUAgL! 8E Cend NEub Sl A fiET « g De

el astomeric.” The retainer formed as an annu dependlng from an
subst r at ebad@@lighashiatade. dl rf@rue@fCaurﬁée ﬁh?ncbh@rﬁi%@t%rmﬁr'@lmty of annul ar
segments, eagihSGUIEN THaVigeR daekkem: Qea@ﬂg pebylindly cgbeinner face.
The cylindrical 1 nner faces of the seg orma retalning face
wher ei n t he BEgrdving artélesaeé@ﬁfa\lelo)f FReamdry beaeabed Seomsthe

conpr essi vel gﬁgyg#% Q Li BBL The ai sk + cogpLi se an
i nfl at abl e éﬁku ar zﬁ%r san % ggmggﬁnt e gg%n%%ts g%%eananner
face of a SLﬁﬁﬁﬂunﬁﬂmRQQHﬁ§W§0tphé@nlﬁ#ﬂé?mgﬁe§$rtﬁbtb¢@@@e¢h%lﬁg@% t he
segnents radidddf NP o RRgAge hhanaub%aﬂghpﬁél MBLET oy &Y di Sper si ng

| ateral contact forces between the retainer and subStrate which otherw se
woul d be corRekishing o undam@od isbiing of tbat avbstratereehineterny reduce

l'ocal i zed d'ﬁé&ﬁééé”%hé‘bébnaDM”ﬂTd%%bsQeBEGEhé09u8§t£9€eSUH§ké§t€hét the
poi nt of contact due to conpression of the substrate by t he retainer) in

the subst r at@dgfRe Rt jthe palsteRde WRisehtaPyRt forherqi sB ERREFFBEER to the
"edge effectcirewits, and decreases the yield.
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'l ~ F E B 2Q03 The details of one or nore enbodi nents of the invention are
set forth in the acconpanying drawi ngs and the description below. O her
f.eatures, objects, and advantages of the invention will be apparent from

t he description and drawi ngs, and fromthe clai ms. DESCRI PTI ONI @FF EBRRAUIBNGS
FIG 1 is a schematic top view of a platen of a CWP°P system FIG 2 is a
schematic side view of the platen of FIG 1. FIG 3 is a cross-sectional

view of a substrate carrier having a Eghﬁ&ﬂg{ according to the present
invention. FIG 4 is an enlarged view retainer of FIG 3. FIG 5 is

a partial schemd Caéwdtqmtvlbemmeéntb@nrptavﬂ@és0$ tbeachéfi ebrohsEl &1 4.
FIG 6 is a partial schenmatic cross view of a retai ner system

secti o
with a sl eeVOToMfEd s Wit OFUQSFE?E?nB?PbﬁﬁyngF@EPaWa?%s Pagti al

schemati ¢ boidirpath@Wnily daket ai 5611§M§ﬁ§%%t@1@hS&Qﬁ@ﬂi@ﬁ’lﬁé[:e&\{?fagéG 8
Is a partial schematic cross-sectignal view of a retainer emwith a

sl eeve securf&F (ONUREHISY 6f fRRE PEt BPRePUBBERtF The ¥%t%}%%¥th%§ an

Isgl[;gp?t I ?SCrJ.Qﬁfar%eCftEdéﬂ B\élt%wn%gafaééafaﬁreﬁaééﬁ%%m Pl gl RSAQMERL C
substrate against lateral movement during polishing of the
substrate. The retaining face engages the substrate
perimeter at more than substantially a single discrete

circumferential location along the perimeter.

Various embodiments of the invention may include one or more
of the following. The retaining face may engage the
substrate perimeter at a least two discrete, spaced-apart,
locations. The retaining face may engage the substrate
perimeter at exactly two discrete, spaced-apart, locations.
The retaining face may engage the substrate perimeter along
at least a continuous circumferential zone of engagement.
The circumferential zone of engagement may span at least
10°. The circumferential zone of engagement may span
substantially the entire substrate perimeter. The retaining
face may compressively engage the substrate perimeter at a

plurality of circumferential locations along the perimeter.

The retaining face may be a continuous cylindrical inner
surface of a continuous annular longitudinally-extending
retainer portion. Such a retainer portion may have an
opening for receiving the substrate at a lower end of the
retainer portion and may have sufficient elasticity to
accommodate the substrate while maintaining compressive
engagement with the substrate. The retainer may be formed as
an annular longitudinally-extending sleeve depending from a
roof section of a retaining ring and separated from a body

of the ring by an annular recess.
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FIG 10 is a partial schematic bottomview of the retainer systemof FIG

9. FIG 11 is a partial schematic cross-sectional view of a retainer system
with a lip depending fromthe flexible nenbrane. FIG 12 is a ppgtF;E:-gzo
schematic. cross-sectional view of an alternate retainer systemwth a q?p
depending fromthe flexible nmenbrane. FIGS. 13 and 14 are partial schematic
cross-sectional views of a retainer systemwth a retaining ring having as

adj ust abl e | Y i ions, di i J ggg! trate,
respecti velﬁég%qﬁ%ﬂ?iogg%%%ﬁlggc géritl C %o O%@\%eﬁx\?\/ 0 {%eearozj%?]ner
system of RGS:ld3 ongithdiag lytexterndipay t$ bdese lmomtian bdtiteom vi ew of a
retainer system w{ r 1,0l Ng. [] Vi ral i1y, .of adj ustabl e
segments.  Hecait bl B H R RS PR B S R S e
with a plurettdérydidig pflgrend, orise exlesne nop it digpdnding hirorettaieni ng ri ng.
Li ke referepce nunber nd signations in the variqus,draw ngs indicate

li ke el emn&?n%ﬁ'ﬁzﬁﬂﬁﬁ% Ci??—‘f’f%é rheta"ﬁ%eri as(l‘)%%ya %ﬁr}gem ng pad 20
secured at opetta Phii@ne g (dd a 233 rdher pasdypnd pled mateliyt eelabout a
central axis 100. A subsirate. .24, e.d..,a circul sem conduct or fer,
1°3 FEB 00T RTIRT dbY TS r4p AR A HEly MR oA S AT

pl aces a | ofeind@Cedired bHéewsemsi ralempomdisi mémorgpersigrtshi ng)
surface 27 of the fad. The carrier and substrate substantially rotate as a
unit about THE'CHEMTFer's central axis 102. In addition to the rotation, the

carrier and substrate may be simultaneously reciprocated between the solid
| ine positigns 24 and, 26 and the broken |i positjons 29' and 26' shown in
) LHeRq B 5

FIG 1. In o es@nptate enbohi HeheD© Y AT FAEROhrd R

i nches, theysabséd aéeb2dahtsa Bl i @nelesl pfarodidi fishesuldtoratte 204

mllinmeter substrgte, conmd)nl%%refgrrfd to as an "8 énc . subsgrate), t he

carrier 26 RESCHMERTRRIGR O anfRieY BLepbt S1FR TR FHRPIhe RGar ri er

reci procat esusettheé. thige SEPEABhEOMOY bé SeTeStoméric. The retainer may
be formed as an annular lip depending from an substrate-
backing membrane. The retainer may comprise a plurality of
annular segments, each segment having a bottom face and a
cylindrical inner face. The cylindrical inner faces of the
segments may form a retaining face wherein the segments are
selectively inwardly biasable so as to compressively -engage
the substrate perimeter. The retainer may comprise an
inflatable annular bladder sandwiched between the segments
and an inner face of a support structure so that inflation
of the bladder biases the segments radially inward to engage

the substrate perimeter.

By dispersing lateral contact forces between the retainer
and substrate which otherwise would be concentrated at a
single point of contact, the retainer may reduce localized
distortions (e.g., vertical deflection of the substrate at
the point of contact due to compression of the substrate by
the retainer) in the substrate near its perimeter which

might otherwise contribute to the “edge effect”.
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axis 102 fromthe central axis 100 of the pad ranges between 4.2 and 5.8

i nches. The rotational speed of the pad may be 60 to 150 rpm and that of
the carrier may also be 60 to 150 rpm FIG 3 shows further def& FpBokgone
exenpl ary .construction of the carrier head 26. The carrier head 26 includes
a housing 40 and a generally cylindrical substrate backing assenbly 42 for
hol ding the substrate. The backing assenbly can be noved up and down
relative to the housing. The carrier further includes a generally annul ar
retai ni ng ritf Aetakls QhinhPr mrre BRedineniis ki thee iowerntdondareng
polishing. Tha r I ' | ; | pdri cale 74, a
cylindrical g(;%tt eif&@!ur?flggeﬂﬂ%%cgﬁoéwﬁ%ﬁl% lé{v%(rj a!sn&?ftgggr@'é;%g#ﬁgg i ng
the inner sWglave Brhew fertWiger ARigcics Pd Bdvandtagies of rdheg may be
attached to g.hass £+ ' [RANS f. scr or bolts in
a plurality o mun@?n@l%lo:}g%%?éﬁ(%né;e%%é‘?ﬁs%hom ||$%|5|°é \gs The
retaining rigepwihds, movhbironverhe calldiymg el ative to the housing 40

i ndependently of the backing assenbly 42 so that desired i ndependent
downward forces nmay be applied to the retaining ring and substrate to

mai ntai n 1 3 FEB 2003 themin engagenent with the polishing pad. A

description of a simlar carri ,A U S. Patent
Application Serial No. 08/745, Eﬁ QT 'BE,B QQ b? filed Novenber 8,
1996, entitled A CARRIER HEAD WTH A FLEXI BLE MEMBRANE FOR A CHEM CAL
MECHANI CAL PQLL SHI NG SYST nd assigned to. the .assign of . ;1 he present

i nvention, t léd'e iT® aljiss%'fl\%%%lec of® qflceﬁ" ik t?erpé‘ﬁj:qrh(?%?ﬁorc e&y%)Fem'
reference. A | oading chanber 82 is formed between the housing 40 and base
80. Pressuri ion of the |oading chamber 82 applies a load, j.e., a
downvar d pr €stir & andl oM} ctghselcgeasvel%.oﬁ't%ev & YPodilGror-of the

base 80 relative to the polishing pad (not shown) may be controlled via
pressuri zati depressuri zation of. the | oadi ng. chanber 82. The substrate
backi ng asseﬁg(f’yegzw n%l?ﬁ%%sés%q.ﬁfpod}a?l s‘f’r‘?fct‘%r & §ngs§rlal%€xtﬁa§r8§rconnect ed
bet ween t he saxpi0d ta Steting e adebidindase tHe Prksedt exnvieing imprbr ane 88
connected to and covering the underside of the support structure 84. The

fl exi bl e menbrane 88 extends bel ow the support structure to provide a
mounti ng surfece £ ofs tde snibstded eriehhe Prigss Wdtzatnean oFf Faahanber 90
formed between the base 80 and the substrate backing assenbly 42 presses
the substrate agai nst the polishing pad. An annul ar bl adder 92 is attached
to the | owerrsgl fRces od parer Dol es Hemaithir Boadtder vk E phessetiadedrt of
engage an annul ar upger c%ggf 60, atop an inboard (e. g., relatively close
to the centr5ie 85365 49%)° Fon'of the flexure B6 so as to apply a
downward pressure to the support structure 84 and thus the substrate. The
chanber 82 bl adder 92 nmay gach be pressurized and depressurized via

e r ot | onE S & ehbyal BHTCTA b SERRIA LA doF G35 B BRI e GiEng (ot
shown) by aspeciii€t spseethtSith PiPldwvd af SndtDlasSHaMY) of & rethidekEB
2003 Thus, the vertical position of the base 80 and ring 44 relative to the
housi ng 40 nB?d%e controlled by pressurization and depressurization of the
| oadi ng chanber 82. The pressurization of the |oading chanber 82 pushes the
base downwar , ich_pushes the |lower, surface 78 of the retai.ning ring
Gownvar dl'y t BXhol V-8 FOBEE E ot HECRUIGH e SR R @ CREABER on' of

t he substrat eybeeki ngthssesbyyerdPednslsédws, t he substrate may be controll ed
by pressurization and depressurization of the chanber 90 and/or the bl adder
92. Depressurization of the chanber 90 raises the nenbrane 88 so as to
Create sucti 8nGbe8weenat bertkabr sacikematic cross-sectional view of a

retainer system with a sleeve secured to the top of the

retainer body.

FIG. 9 is a partial schematic cross-sectional view of a

retainer system with an elastomeric insert.



substrate for lifting the substrate out of engagement with the polishing
pad. 'Thus, the selective pressurization and depressurization of 5?ﬁg£oading
chanmber 82 on the one hand, and the bl adder 92 and chanber 90 ohdt Ber
hand provi des for the independent maintenance of vertical position and
engagenent forces between the ring and pad and between the substrate and
pad. As shown in FIG 4, the support structure 84 includes the upper clanp
60, a | ower Gl 62,. an pQrt. ri 0 |late _64. An ipner edge of the
lexure 8o S0 Afpa Botitss na SBar s Be8 B0 4R6" RE FBfer=Eranproz
and the edgeveftamef IFDGE.bI% nmenbrane 88 is cl anped between the | ower clanp
62 and the support plate 64. A retainer sleeve 52 extends downwardly from
part of support structure 84, such as |ower clanp 62. The sl eeve has a
conti nuous ipT®Rr laylisndr ipealt islr fsatemat iandraseestcnuodalouiew ¥l andri cal

surface 56 joined by an _annul,ar bottom edge surface 58, The sleeve 52 is
connected td SHIREE (&g 2 By Pa %ngénﬁh'Eﬁme§P8ng§e¥éﬁiﬁlIy i nwar d
fromthe uppRmsrahef the sl eeve. The vertical -9 "l 8 FEB 2003 novenent

the retainer sleeve 52 is thus decoupled fromthe vertical novenent of the
retaining ring 44. Such a decoupling nmay provide greater versatility, for
exanpl e, perid.tirg ¥ ¢gheyarddElr esHemathel weesst-BeckiBgatdvand blean
pol i shing pad without a correspondi ng conpressi on engagenent bet ween t he
sl eeve 52 afd %HOPR. F Vrdteds SYSF Cosprds & iﬁpbgﬁﬁééﬁ PHefEPBetBe52 and
pad produces Rab 1N dwrdmeeve and i ncreases the frequency with which the
sl eeve nust be replaced. The sleeve 52 may be broken into independently
novabl e segnents, simlar to the enbodiment of FIG 7 described bel ow. The

| ower or di strds ends afnd hey ke bl ddefdohemati copeBkBys88tiEh&1 Jrela a
pocket for receiving the substrate. DurE%%Ppollshlng, a net downward force

is applied tF ther SRR EEMI IS & | PR 1RGN pRBgs eKanBokSshi ng pad

20. The for Ggy4 gthi TWISd {41 ORI Son@N guda® 1dake HikBAGa§2ngSaha achi eve
the desired palishing rate in view of such factors as the substrate
material, pRNIAGEIT A RPGIAGnFLSPEHELInal speeds, and presencel type
of polishing slurry used. As shown in FIG 5, at any given nonent, the

pol i shing pad may have a net general direction of notion 120 relative to
the substrat®el@ndleaksierRamhia rsGhamads bOOkEOR vievpad SR8 §863inrgke

applying a sng;@gerf,ocweﬁ(gs.thpj%mﬁtlr@te so as to bring the substrate edge
or perinmeter 70 into engagenent with the inner cylindrical surface 54 of

the sl eeve 52. The sleeve's inner surface 54 thus fornms a retaining face of

the retainingr¢i nfg4ds 4 pdheidl |dsidmiat YRedMRIky bifeachgREeRBRAt IS via

direct contact at a |ocation 122 that extends alon% t he substrate perineter
70. An i ncr e%F PN gabtn 28 FREWEENS Hel e havdngr a7®LloralhsyYs@bstrate and
retai ner slegys,fags)énieimsnkd ace 54 reaches a maxinumat a location 124
di anetrically opposite the |ocation of contact 122. Even -10 ~ 3 FEB 2003
t hi s maxi nrum gap, however, is small, typically | ess than one

FIG. 17 is a partial cut away bottom view of a retainer
system with a plurality of projections extending inwardly

from the retaining ring.

Like reference numbers and designations in the various

drawings indicate like elements.
DETAILED DESCRIPTION

FIGS. 1 and 2 show a polishing pad 20 secured atop a platen
22 (FIG. 2). The pad and platen rotate about a central axis

100. A substrate 24, e.g., a circular semiconductor wafer,
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mllimeter. The sleeve 52 is dinensioned (e.g., the dianeters of the inner
and outer cylindrical surfaces of the sleeve and the height of the sleeve
are appropriately selected) and formed of sufficiently flexible ?ﬁ@ dur abl e
material, .such as a plastic to resist the inpact of the edge dfd 2003
substrate, to accommpdate to the substrate during polishing as descri bed
bel ow. The rel axed dianeter (i.e., when not biased by engagenent with the
substrate duyri ol i shi f e inner surface.5d4.0of the sleeve.is
slightly gr&at g’%lt%hgﬁf tahg%)sous%srtara S3ATARE &F . pﬁiéspénghée??eggb‘f’}él%kﬁd

el asti c nat plecefs heosleee\face? 2 cnfagteesubbetraeenatyheénstubshe abhppPeri net er
70 and inner,_cyl,indrical suyrfac 4 t he contact |ocation 122 will cause
(he ol eevo (BOLISRIBR CORIASE: 2 FnthS DRECABES SRCFAPS BRQoRHONGE?bh,

i nstead of babisrtgnm?imﬁd Q"oCtibart@JIHseraeﬂhiiw apoust thé eaﬁt@sf'beclbéweﬂal he
retaining ring 4 nd _the substrate perineter 70, the contact |ocation 122
is a contin65g§ 3p§cuﬁPeF§%F$€F”&5ﬁbtgF éﬁ&é@éﬁﬁnttgétﬁéﬁﬁl?ﬁea? ner

surface 54 elibisheatlecainsy drd diftlvihebihaly peripebentél. bdbResntret force
is thus a pressure distribution across the zone of engg{ggrrent, whereas in

t he absenceSOt1sl ddie BPSHHHNS 1Agdngf BBIsGER BER H5BF oROShE PR

contact forog waWd 2dge anReIMtid oIee at. anskhAgkfepplAkyOtmEoALAcht , THige ZONE
of engagenent preferably spans at |east 1Q . Bal anci ngpflem bility and wear

resistance PR% RO d&@Sedt i3msted v e Omlt dPCReS approphPaEE2 B nehshdhis? may

be experi nmegldet edeloF M.med iidtndeW ofr kheonesessan¥tbat shpbtfoEEe bet ween
the ring and substrate. The |ateral force . is a function of factors

i ncl udi ng t FETEASIY Fed HTAE i Afarddr '8l 1NFBI'i SHPRGTAEA) matBe| @RI PP Esence
and type of JROlHashiaN@ xHdial Bl bedapelitshionantaks, BXqdigéributing
the contact force along the zone of en%a enment, distortions in the
substrate adPFEMr KECLPNCCR YR SFPatt $hsesrRarar1aPeCf elitiE e@ePeF 2L i ve to

the situati giiwer@t ek ithd &l dx3G @08 B RheOba80PhAGEs HEUSeen
| ocal i zed distortions are reduced along with the associated edge effect. In

addi tion, by -d S Bnd AGIRS £ e FNGHORELs FPEEFaPE BRPOBIJIRY sheeve,
the conpressygn £Hf153 Wy L1 et tde dhrvelaredae %?/t hessubst 6@t €oansiot he
retaining ring i s .reduced, thereby reducing the aggloneration of slurry and
the resulti iP%cratch defects. During polishing of the substrate, the body
of the retaining ring 44, via its |ower surface 78, may be pressed agai nst
the polishin ad causing the polishing pad to conpress as may be desired
to allow a Ve presiiptdien da%aids of g8cosyempéarit ePRaLEIGEtMRen the
pol i shing pagk and the-dendace of fdhe SubskiraheadAddi thenahly. at he
retaining ring 44 rrgal provi de a degree of backup_against |ateral novenent
of the substhiteinhd&and @ ragnRTadl % CHHBIEFRINGEPSEFatAcbRak RS head.
In an exenplaagsvexwﬁg} efEnidt il dide v AubshE alleNd TRRY bREK iR NBLs&fib1y

pol ypenyl ene sulfide (PPS). Configured for use with a 200 nm (7.87 inches)
di ameter sulfAT Re MAVRA HRAAGIYN (10 FtTEr touPEcBOUFiPHe ShBeve may be
appr oxi mat el §z ¥ O0r | AlEAE%e r e PR ILIgdHe M1 yOUhAk 194 FBE81ALNG hgiﬁdf;eeve
may be approxi mately 8.20 inches, the (ﬁ aneter ‘of the inner surface o

the, retai ni nif rfoly FRS2Helnpprlxi MRBITA 36 thichése SRITERE EPEMBEer of
the outer sysdBLenPigl NBnd et 44 Mond i MithgTan e aRRIe@xiamelelind@iéa1i nches.
The | ower end of the sleeve may be approximtely copl anar_with the bottom

face of the HRREF ofukfaemit T raced Litdle R FuE<acs A8t pret#hide bel ow

the bottom faeeupir t SwdPdyuRRsce L BT &bh R iTIPiteR! infe@Xe@eEh¥e WEa&nand
deformati on due to engagepent with the Ot{ﬁlii'sm ngrrpad. FEB 2003

-t2 13
FIG 6 showstBerevtehi Agriary 130 nhe nHAser INGofMayoPEi Bht2SDeE, B
whi ch depends BageNgH NypUSh@NBatBiet Oied W M3} Imeatst @fdisegenkeoyebbBds The
sl eeve has a, conti puous,i nner C%| i ndri cal sur41:]€f}c(§Prn 36 and.a conti nuous
I

outer cylindtRcalPLRFrLikY 128 POPREHD VAL oPPEm&dJeC¥tr +8ce 139.
(The retai n: NPIGL Ing) %3@h§aﬁeaaﬁ@ﬂlyg8.epﬁ' oy _Ji@{m;iatm%]@egfcétcaelsjl eevelzllg4h
e. g., relatiye ar fromthe cent , axi s : y.section as
an inner cyl Fﬁﬁ?f—}c/’é? Eﬁr?%‘&ehﬁﬂﬁl’?%c{&g“ﬁﬁf?ﬁ%{édya gr tt?'Fr BAFERBIout er
cylindrical sysémBeyldB 86 thetsHesyfed oirndwieridehdddwnivargefarabedmbayom
the sl eeve b¥ an agnul ar upward directed recess 1443. The body section 140
has a cyl i ndPRPc@PPLAEEr CQUFRECECTARLRAMEAT ATD SURSHTATE TOUPRLRE21R2 by a
flat horizontal annular bottom face 148. Engagenent between the substrate
perimeter 70 and inner cylindrical surfacé 136 at the contact |ocation will
cause the sleeve to flex slightly radially outward into the recess 144. The
contact force is thus a pressure distribution across the zone of
engagenent, whereas in the absence of a recess 144, there would not be such
accommodat i on and the contact force would be a point force at a single

o 1 o~ — I . N o A ™~



1 3 FEB 2003 The recesses 153 may conprise cut out regions extending from
the interior surface of the sleeve to the exterior surface of the sleeve,
or may conprise grooves which extend only partially through tr éﬁgfgvg's
t hi ckness. FIG 8 shows a retainer system 210 which may be of g 40 y
simlar overall shape to ring 44 of FIG 4. Rather than being forned as a
unitary ring, the sleeve 220 and body 222 are separately forned. Thi s
facilitates 5%ing di fferent nater Ig i e sl eeve and g al | ows
different c& P|8H§a8Fm§P§eVé§ ahBe bRt £Shig RAdi rfy FRSHEAPFLaNaPt

condi tions, aa@dm&ﬂb@%a&@ﬁtéﬁ:aheaﬂeﬁh9CB€Eﬂ&uﬁ1@ ascomypded eedtf ferent wear
rates of the sl.eeve and body. In particular, the sleeve 220 may be forned

of a naterléppﬂhéﬁtPQ“s§eFPé}|HPe PRAT4Pt04Rr vRE 4niIBUNBEr afor chihedn t he

i mpact of t eyewBety @t e 100k, eéﬁtte1aanAn@ARﬁptﬁeaenothT@oAl?ﬂtﬁgsﬂed The
sl eeve 220 includes an annul ar | ongi t udi nal K extendi ng sl eeve portion 224

formed i nt e IEMBRANE tﬂ@%ﬁd%kﬂéﬁﬁﬁn?ﬁ?ﬁ@ﬂ?% aRALI 3R I¥@d$ ePTEM, and

out wardl y- eé%%&%h%% flarae %%élgxee Bkaage é?@séﬁt'Pﬁ@éﬁélbﬁﬂeghéte|y bel ow
an outer portio l'exure 86. "The flange 6 and flexure 86 are cl anped
bet ween thee@GdFezﬁzséd@S@QﬁrpérWba§e 86. hFI@EV One@EPAREAdWPH ret ai ni ng
ring 420 whi Gl Ganidees an annul ar el astonmeric insert 422 in an annul ar
pocket 424 in the inner cylindrical surface 426 of the retaining ring

adj acent the bottom face 428 of the retaining ring. The insert 422 is
formed of apmaLerdly Whahibelrs 89048 EBEREESSLEYECH "afle NGy IBAET 18! aagrm ng
the ring body 0 n oper ati on, the I nsert I's conpressed radi all
outward by tesepdl.ndressprishtina sfibshealeaddnal ohemberohi anptusezone of
engagenent FI.G, 10) Wl e S e ly.fo d agRateria
which is suﬁtlé§ently sngE oﬁp?eg é%éfétgﬂgcggﬁﬁgdaté %ggtﬁggsu%g?rate
and therebyﬂﬂwspEHSEIEdnEa@utﬂ@mce§ mhehb@he g0bsetatevgetodthable -14 1
3 FEB 2~3 e t: G Ly LpcLgea cy at which the
carrier heagﬁﬁgg¥ugépg%¥€lce g?ﬁ@é Phg F%s§§?£g§5i§§qg ?ucturally backed
by the reteupnaqyunuqyﬂmmm/d£&@§5§heihﬁSéon ag2theylbadimguéhanbeeds8dt a
much softer material than the body 430. Such a construction provides
greater flexibility in the selection of materials and nay provide an
enhanced deQWk&asﬁbsnnanﬂnhﬂnhnmq aEsembiinpleinviutes hea supgobbdy 430

manuf act ure r 2 f a oner
such as EPD%%ré:{%ane dr re:i{r‘f% sgxﬂﬁeg’égg gg{r:g ‘g?ng%ef%lflﬁégﬂ

annular lip éﬂﬁhaﬁqnﬂuhnq;ﬁhanh&ﬂ@eBQUBQﬁratélbaiblﬂgmﬁmhbaaﬁe8524 at the
out board ext ty. O I The | S ¥y sandw ched
bet ween t he é (¥%(%1%erf%£?%?%$gn§ngge deg? Q?.égp9$§n§P E Face 526 of
the retaini r@truﬂg&ﬁ&&ﬂ Pr’IéfeerfdlelxybtlleemmbbaaaeB80exaen<lieabelohethep is
formed of a Q@B étd?gnﬁﬁ“ &%v&d%védﬁohﬁﬁlﬂg g§§§£¥efk8§'9hé'ty and
conf or mabi | i har enoug t & resi st ement with the
substrate ansims:tzreasestTra(q:awam:lweanompchamhambencﬁeaéermhe betyeency

W th which t t Pe \, r g@ﬁg |,aly »f

menbrane is oprenemﬂg t%ﬁiﬁ%&%ﬂga@? Séggghgpéﬁ |ngi¥rgﬁthBEQ an
menbr ane 624thétﬁub$¢ratefagamaﬁts¢h@h@pluhhlnenbadne chanber 625 protrudes
into the Iip. Wen the chanber is inflated to press the substrate agai nst

the polishing pad, the inflation also |aterally expands the |lip between the
substrate pehhnenmwly0 katddre 3ner adgefched 626tbe thweri ayréagesofas to

compressi vel y,gngage e SO IAR PR TBLbreSUGR1 98! EUCLHESERYnbe Used

to provide a zone of engagenent between the substrate perlneter 70
and the |ip &2eulsychpreraganmtoQradan pndispeasds (ehg. conedetivedtes - 15

close to the central axis 102) portion of the flexure 86 so
as to apply a downward pressure to the support structure 84
and thus the substrate. The chamber 82 and bladder 92 may
each be pressurized and depressurized via introduction and
removal of fluid delivered from one or more pumps (not

shown) by associated conduits or piping (also not shown).
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1 3 FEB 2003 between the substrate and the lip 622, and resists shifting of
the substrate within the carrier head. FIGS. 13, 14 and 15 show a retai ner
formed by a band 722 wapped substantially around the substrat.,e% 'Eﬁeznﬁfmd
has a fiat bottomface 724 for contacting the upper surface of ﬁe
polishing pad and a cylindrical inner face 726 for engaging the substrate
perineter. The band 722 rides in an internal bore 728 of a retainer support
730. A flat horizaont alj?grp er face 732 of thg1 b%nd eggages an annul ar
downwvar d- f aditp 1 e Caln@A5dteonTRE KARdPPsesERufad ¥éngi d4i 1y within

the support futatiS,d ree de My injdidal py Peecoutebifiagengf the band has a
right circunferentially-extendi ng and oytwardl yfaci ng channel 736 in which

y .
rides an anASFSWIdfer°T 409 AR IGSIYder dPeRgabBCanorARBE EPRMRGK cal
face 742 of ghe h &b as #liloras feRR0INBACERG chanBelk §40puAReshena in
FIGS. 14 and 15, wth the bl adder 740 sandw ched between the band 722 and
the inner fRESTAPWIWaLE hordlghPushiesn tbe Lryes| addércri 48e8Lt kBeband
radial ly i nvard (filfg Aig ovaivar@ 1o appiveky 1884288 the sHRSLLEh
perimeter. To facill‘ﬁ aliegthe rac?i al %jionwar c?%rrgvi ng of the ban% 122, tﬁe band
is provided R#%+h a cut or gap 744. The gap 744 decreases and increases as
the band 722 noves radially inward and outward, respectively. Inflation of
the bl adder 740 causes a partial closure of the gag. Thus, with the bl adder
inflated, tHkhe rirreticrde PREG toion IS &¢d SPR3tEAgagesckhagsassembily 42
perimeter 70,8l ong, @ GRNUBAYS (F hEYTHR! eRhikdb12eRe ol peagadeseat son

extendi ng around substantially the entire substrate péerineter
Optional Iy, and slrpiessnHIzatios athdhgashamkern80f sngéarashge pledderty of a

discrete, Taghalignl WALt diasall @neceanbe 538 $8RALA! eflbhapRRanE .
FIG 17 shows a retaining ring 920 having a plurality o ragl ally-1nwardly
proj ecti ng ehfyaterEnttd caientes VELionm petweey R peOBRrBEpendidng on
materials a AN 1.0 d6liald SheSuthskeatr 63:M ' u

di screte poirgrhs 0 %ééﬁédalgplg%} éjr short rse i ons of cygntgé%b%g‘fa%eﬁ%tcﬂe ring
and t he substheitrolieshing @radr0. Thoisoh thgysgdeeil veenrgsssrim@ptépnhendbe used
in a static L 0d.ng: J 4 r 4 i k | b t ai.Qi ri In
one enbodi m%%%ﬂa%%ét%fionfg%?rlﬁ I r?g] )ggtglhg)%%o?%t I%g gbgstgrggt ggg\ndf hi n
the ring w ldndative bheddemsid and tchambear 98t enbébeeetihravhagdopgouadeswo
poi nts or regl f. W, ' r dley i e .aknin i ng, at
| east three %?%SQO%&?%%%%ntoﬁ%gﬁ:{égg?%ﬁf ﬁgﬁgggpypggagﬁggegfﬁand t he
substrate wié¢ngdgenent Sercelbetrast fhenaingngndThedengdgbrtneeheshar es
922 should b fed o i ghly durable material to resist the shear and
conpr essi on oé%({es cr e%?%aggvﬁ'en the edge of the substrate abuts the
engagenent features.. A nunber of enbodinents of the present invention have

been descri bgd. r S,z 0ty WM | nder t Rat ; i
nodi ficati onzggrr%w[g %r[g ef%\i t 'outt%deéﬁlggsﬁ%g%rﬁagﬁe %' ifelhdes the

fromthe spirit and scope of
t he inventi ovpPForckxmppb@, aadkawails Flemtutes end Re sURPEALi SANARPrbe

adapt ed for Ln vag,l e i r get i;Qns.: rdi ngly,
ot her enbodi fIalrgﬁitCés g?'e V\fli’g‘lft1 h%rynnﬁeé\dg;::% o? g?ﬁ?%e]'%%%ﬁeoyﬁ%négcléé?ﬁgéa- 17 1

FEB 2003 CLAP&Bv#en ctlae neppebrelaser G mngh thspdiomers clempp§Ri- s Bndg tae
substrate, _tQ&gépgﬁr@wabﬁywﬂe it ot B Rad Miahped BREieRRNghgurface
for contacting®™a face of the substrate; wherein the retainer has a cavity
to receive aleubstehempahd 2md i TUPHRKE &adeciS%l ing i nwardly directed
retaining face to engage and retain the substrate against |ateral novenent
during polishing of the substrate, the retaining face being adapted to
engage a perifeferagrerhalagpetat e E@ndiedoinydg A eifremnPéréntifal zone or

at at |east Eﬁgpekﬁcgeksctép@cm At 4PN T 13RS .t hehResheatRr of

t he retaining ace. . . , ,
as a continuous inner cylindrical surface 54 and a

3

continuous outer cylindrical surface 56 joined by an annular
bottom edge surface 58. The sleeve 52 is connected to
support structure 84 by a web 66 which extends radially
inward from the upper end of the sleeve. The vertical

9-



2. Aretainer as clained in Caiml, and in the case where the retaining
face is adapted to provide a circunferential zone to engage a substrate
perimeter, wherein the circunferential zone of engagenent spanﬁ 3HED ompt 10
of the substrate perineter. 3. Aretainer as clainmed in Cai and In the
case where the retaining face is adapted to provide a circunf erent| al zone
to engage a substrate perineter, wherein the circunferential zone of
engagenent spans substantially the entire substrate perineter. 4. A
retainer as MAVAMART itheCiratinerand efayiet (B icorinissidegoap leshfiram the

| ongi t udi nal J p=+eXt LN HIYL e\?ﬁ:a'd]ferth%orﬁé Qn i LGP gner S[&@’tl on having a

cylindrical inner surface ch forns t e ret-ainimg face and as an openi ng
for recei VI IFP QoveP Isiuies teat Pretvigle gmea tar velfr satd lidtyai for eampde, t he

retalner porddan s Sl sl SAN ldd A8GOTTIAYS the wystrate

whi | e mai ntaining co agement He su str 3 FEB
2003 5. A reicdurmnras padniwigthadut @ aiomrkspema ifng tdvenp resspons iengagement
retaining ri Vi d f 0 aod nd nul_ar

[ ongt tud na TSR i G 8 S & el amiy b (bR Ry comprsagion
separat ed f rrhween rdteaisliary e i52g dmell sy paodared ararecesshet isae:elveeve
havi ng a cylln r.ical |nner su%;ace whi ch .f r the retai,ning fac

retainer as Claid a7 r%ﬂﬂfnfa?ﬁﬁe §?ﬁb SAF S XTn Y% bFadlally
out war dl y- emmchcngi £l a]’rgae ss]aayreecﬁmmtayeene abﬂmda)n 0fnta> rmtcmpmnn@mtlllyg and a

carrier bod an annul I Ion i.t.udi ext ndj sl e i on
dependi ng f %ﬁﬁafﬁe ge’ Hdvi %‘&'é& n ﬁﬁlﬁhﬁi P&a?gehhﬁch forns
said retai nidagsdramaed '/be]/bw et allhmrlmzclca: Imdsuai @nai fl thand leeviehé&R
conprising a nnuIar radlaIIy y ext endi ng .fl ange secur.ed be en a
clanp and a pd}ltngstruc(\t,iﬁ a?r?d)% rﬁ?gi PRE RTINS
IongitudinaJdubsbﬁaﬁuﬂ ng sl eeve portion depending fromthe flange and
having a cylindrical inner surface which forns the retaining face. 8. A
retainer as clained in Caim1, wherein the retaining face is forned by an

i nner face Ctﬁu:al.ncj)a;milishﬁ‘tncj,s acirremr&cmrmﬁﬂcalﬂqrwljmtaqd@llaetdo tengage and

| the sybstrate. 9. t | aimed in O ~wh th
bana 15 ur apRERE SUBSE 8 19 15 GHrGIELY SOTAE The RIS APE o1 5208 2ot ai ner

as clai med iThd fored, aeregius tire reingressiicn elast @m:rermmhﬁi so as to
achieve the desired polishing rate in view of such factors
as the substrate material, pad material and thickness,
rotational speeds, and presence/type of polishing slurry
used.

As shown in FIG. 5, at any given moment, the polishing pad
may have a net general direction of motion 120 relative to
the substrate and carrier, with friction between the pad and
substrate applying a shear force to the substrate so as to
bring the substrate edge or perimeter 70 into engagement
with the inner cylindrical surface 54 of the sleeve 52. The
sleeve’s inner surface 54 thus forms a retaining face of the
retaining ring 44. In the illustrated embodiment, the
engagement is via direct contact at a location 122 that
extends along the substrate perimeter 70. An increasing gap
123 between the perimeter 70 of the substrate and retainer
sleeve face inner surface 54 reaches a maximum at a location

124 diametrically opposite the location of contact 122. Even

-10-



1 8 FEB 2003 11. A retainer as Clained in Caim10, wherein the retainer is
formed as an annular |ip depending froma flexible nmenbrane, the nenbrane

provi ding a substrate backing surface. 12. A retainer as clainqd ggﬁﬁ?®in1
11, wherei.n the nmenbrane defines a chanber which is inflatable a% '
extends at least partially into the annular Iip. 13. A retainer as clained
in Caim1l2, wherein inflation of the chanber biases the lip into
engagenent S te r alned in Claim
1, further g%%%r&§?ﬁ§H§ %F ??%b a%ﬁu%é?lgégﬁ%ﬁigsilgcﬁgseg et Vi ng
a bottom f amélandesrrinner face the inner faces of the segnents form ng
the retaining face, and wherein the segnents are selectively inwardly

bi asabl e so as to conpressively engage the substrate perineter. 15. A
retainer asTGrasiedvienSel asndimenwhenedn (ehg.inbke dbamevérsach wegnent is

a cylindric C n - a d_kn er

conpri si ng ghség %ggtpg%?y axgﬁﬁakggg Ig g%?&gglagdgﬁé g% %h@ﬁib Sveen

t he segnent seagtdtaosupper sleevactueeappoopbhadtehy| stlooted) t med bf achaked

bi ases the segnents radially.in d tQ.enga he_substrate perinmeter. 20
15 Ren 2005 TS PERh AL TV  F1R ARG, hRA THRESL RaftPinl nefoBiar R ng an

i nfl atabl e buaddéc,tbheebﬁaddeheoﬁmpabStaﬁttaélgd@anufathé0£@b§ﬁmbte,

sandwi ched bet ween thg gang a@gean éngertfa e_of r gort structure so
that inflati-8n26F°PREYB&db8r “BFadB8>thatBa Hrfﬁﬁl%? § ThAr#St o engage the
substrate peespetibed b8loa. nemhedrémaxpdld$hmegea substrambenom@uising

provi di ng a, novi ng, polishin d Wi polishing surface to.caontact a face
01 "the SuboPraTER BYoTTARR S ol sERorne SubSEEae SRELERS 081 ERLAS &

the inner surface 54 of the sleeve is slightly greater than

the substrate diameter. Due to the flexible and elastic
nature of the sleeve 52, engagement between the substrate
perimeter 70 and inner cylindrical surface 54 at the contact
location 122 will cause the sleeve to flex and compress
slightly. Because of this accommodation, instead of having
a single circumferential point of contact between the
retaining ring 44 and the substrate perimeter 70, the
contact location 122 is a continuous circumferential zone of
engagement between the inner surface 54 of the sleeve and
the substrate perimeter 70. The contact force is thus a
pressure distribution across the zone of engagement, whereas
in the absence of sleeve 52, there would not bé such
accommodation and the contact force would be a point force
at a single point of contact. The zone of engagement
preferably spans at least 10 °. Balancing flexibility and
wear resistance in the selection of sleeve material,
appropriate dimensions may be experimentally determined in
view of the necessary lateral force between the ring and
substrate. The lateral force is a function of factors
including the substrate size and material, polishing pad
material, presence and type of polishing slurry, and desired
polishing rate. By distributing the contact force along the

zone of engagement, distortions in the substrate adjacent to

-11-



engagi ng a perineter of the substrate with the retainer along a
circunferential zone of engagenent. 19. A carrier head for holding a
substrate in engagenent with a polishing surface of a noving pqéﬁangmg)ad,
the carri.er head conprising; a substrate backing nenber to engage an upper
surface of the substrate and apply a downward force to the substrate; and a
retainer as claimed in Caiml1. 20. An apparatus for polishing a substrate

conpri si ng; i shin ad hayi a | i shing .surface; and a

rot at abl e ca%goeélgﬁjérg%?% n%?%d‘? %‘g‘?c%d sﬁ%is]%la‘{egqboaéil}]% fer°1t ¥&hfyage an
upper surfaceheafethe subshghd edibscrapl pyo ntdavihvearrtt dar.ce Thud e cllisidat e,
and a retaiqir as_claipmed in Claim1,,21

CAy. AS5, . A, . AhE XS0t OIS 218 AGIUCTI ApE RG AL Iy EhRgASSRCARS e eRgen
A& " -qgr H eBfX8Pg In addition, by distributing the force from the
~ytoje [V]calcalcalcal calca cal}ca%ﬂ[ca cal.cal cal ca] cal.calcalca] calca]ca]calc
a]ca]ca]ca]c%T%;Bf%Eﬁa?%%%f%:% Ta %%.%aﬂ5E£F P G H éiurJy
between the bevel edge of the substrate and the retaining
ring is reduced, thereby reducing the agglomeration of

slurry and the resulting scratch defects.

During polishing of the substrate, the body of the retaining
ring 44,'via its lower surface 78, may be pressed against
the polishing pad causing the polishing pad to compress as
may be desired to allow a more even pressure distribution
across the interface between the polishing pad and the lower
face of the substrate. Additionally, the retaining ring 44
may provide a degree of backup against lateral movement of
the substrate and sleeve relative to the remainder of the

carrier head.

In an exemplary implementation, the retaining ring may be
formed of polypenylene sulfide (PPS). Configured for use
with a 200 mm (7.87 inches) diameter substrate, the diameter
of the inner surface of the sleeve may be approximately 7.90
inches, the diameter of the outer surface of the sleeve may
be approximately 8.20 inches, the diameter of the inner
surface of the.rétaining ring may be approximately 8.30
inches, and the diameter of the outer surface of the
retaining ring may be approximately 9.75 inches. The lower
end of the sleeve may be approximately coplanar with the
bottom face of the body or slightly recessed therefrom so as
to not protrude below the bottom face of the body and,
thereby be subject to excessive wear and deformation due to

engagement with the polishing pad.
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r~ytoje [V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c”a]cal]ca]ca]ca]caV]ca]c
aj cal] ca] ca]cal ca]ca]calcaV]ca]ca]calcal'rs bc%&k+| wl gb]V

Ul c”a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalc ?cﬁ;ﬁ%ﬁ‘]ﬂéa] ca
] cal] ca] ca] ca] ca] ca] ca] ca] ca! $] >U& PETKRETEE" )" BHASSSURB0884 xql gb] X

U] ca] ca] ca] ca] ca

vl calcaledl ool sl g el raleg sakenhonl eahaak i ahe abaaoghedl oo ol el
a]U]ca] i:a] i:a] ]qac}xctai&rcaa]w] nzd;gg]lrgg]rﬁgi]e%e]ﬁgf]?aawomhaabua] eahoa¥cal ca]calcalc
a Cal Cal CalLLalC >

D E VR ‘]{\‘/:gi’b%]]%]% ]e@XF%%ga] &QFC&]]'@&UFCQ‘FE’aB] cal]ca]calc
a] ca] ca] ca] cadwe] wadea] ﬁﬁiéla]@}Eﬂ]ﬁﬁd]r(l@]aqa]sﬁa&]f@@]eCQBGtha"a continuous

?: BBBOBBBCEETFUFI | | | | Kf NOOPPPPPP | f
] ca] ca] ca] ca'¢E{ T a‘]lﬁia’tﬁ]‘%"@a’]% & z}] g]J 83 \@/19]: ggl gg} ggf%i]%]egﬁleg]%]egﬂ ;]311: ;?

PETT;;géZgaJa a{ gb] é%lﬁ%\\%héj§E£alﬁlng ring 130 has a bod Sfctfoa] ]
vq g cal caj Cal Caj cajcalcCa ca ca ca ca cal CajCalcCa)lcafcC
a] ca] ca] ca] cH < c‘%{'}%aﬁlceo?] 134 d&] ga]'caekaEaﬁaéébegédérom

ﬁ;i;;?;f2???@&e£%§@%{%%}i#%sT%OZ . ﬁhe fod Sfctfon]14f hfs fn fnn r | cal cal
a] ca] ca] ca] ca].caJca] ca] ca] ca] ca] ca] ca] ca ca caj ca
ca] ca] ca] ca] %\éih‘&‘%"é’acf%]a] 1 £24% 814 Eard o IRPmTRGS RS0 SR (FFOfY

uuv[ vvAxdxf xeuyed| ¢ 1 e ¢h Y oed qe]sc@]fC%h‘éa]sQ%Hk%a]s%ak%]tC%}:‘éab%@lyca] c
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thus a pressure distribution across the zone of engagement,
whereas in the absence of a recess 144, there would not be
such accommodation and the contact force would be a point

force at a single point of contact.

FIG. 7 shows a retaining ring 150 having a sleeve 152 which,
rather than being continuous, includes a plurality of upward
directed (away from the polishing pad) recesses 153 which
divide the sleeve into a plurality of radially outwardly
flexible spring arms 155. In the illustrated example, four
recesses 153 separate the sleeve into four spring arms 155.
For a given sleeve height and thickness, the presence of the
recesses 153 increases the effective flexibility of the
sleeve and increases the accommodation to the substrate 24.
This effect arises from the interruptions in the
circumferential tension in the sleeve caused by the

recesses.
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U& () - $$$ the qnt%%'or surface of the sleeve to the exterior surface
of the sleeve, or may comprise grooves which extend only

partially through the sleeve’s thickness.

FIG. 8 shows a retainer system 210 which may be of generally
similar overall shape to ring 44 of FIG. 4. Rather than
being formed as a unitary ring, the sleeve 220 and body 222
are separately formed. This facilitates using different
materials in the sleeve and body, allows different
combinations of sleeves and bodies, depending on particular
conditions, and allows separate replacement to accommodate
different wear rates of the sleeve and body. In particular,
the sleeve 220 may be formed of a material that is so
flexible that it serves as a bumper to cushion the impact of
the substrate but exerts minimal force on the polishing pad.
The sleeve 220 includes an annular longitudinally-extending
sleeve portion 224 formed integrally with and depending from
an annular radially outwardly-extending flange 226. The
flange 226 is located immediately below an outer portion of
flexure 86. The flange 226 and flexure 86 are clamped

between the body 222 and carrier base 80.

FIGS. 9 and 10 show a retaining ring 420 which carries an
annular elastomeric insert 422 in an annular pocket 424 in
the inner cylindfical surface 426 of the retaining ring
adjacent the boftom face 428 of the retaining ring. The
insert 422 is formed of a material which is more
compressible than the material forming the ring body 430. In
operation, the insert 422 is compressed radially outward by
the perimeter 70 of the substrate 24 along a continuous zone
of engagement 122 (FIG. 10). The insert 422 is preferably
formed of a material which is sufficiently soft
(compressible) to accommodate to the substrate and thereby

disperse contact forces with the substrate yet durable
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enough to not significantly increase the frequency at which
the carrier head must be serviced. Since the insert 422 is
structurally backed by the retaining ring body 430, the
insert 422 may be manufactured of a much softer material
than the body 430. Such a construction provides greater
flexibility in the selection of materials and may provide an
enhanced degree of accommodation. For example, with the ring
body 430 manufactured of PPS, the insert 422 may be
manufactured of an elastomer such as EPDM, urethane or

Delrin.

FIG. 11 shows a retainer formed as an annular lip 522
depending from the substrate backing membrane 524 at the
outboard extremity of the membrane. The lip may be
compressively sandwiched between the substrate perimeter 70
and the cylindrical inner surface 526 of the retaining ring
528. Preferably the membrane, or at least the lip, is formed
of a material soft enough to provide the necessary
flexibility and conformability yet hard enough to resist
being cut by engagement with the substrate and to resist
excessive wear which would increase the frequency with which
the head must be serviced. An exemplary material for the

membrane is Neoprene.

FIG. 12 shows a lip 622 depending from a backing membrane
624. The lip is formed so that the membrane chamber 625
protrudes into the lip. When the chamber is inflated to
press the substrate against the polishing pad, the inflation
also laterally expands the lip between the substrate
perimeter 70 and the inner surface 626 of the ring 628 so as
to compressively engage the substrate perimeter. Such a
structure may be used to provide a full 360° zone of
engagement between the substrate perimeter 70 and the lip

622. Such engagement greatly disperses the contact forces
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between the substrate and the lip 622, and resists shifting

of the substrate within the carrier head.

FIGS. 13, 14 and 15 show a retainer formed by a band 722
wrapped substantially around the substrate. The band has a
flat bottom face 724 for contacting the upper surface of the
polishing pad and a cylindrical inner face 726 for engaging
the substrate perimeter. The band 722 rides in an internal
bore 728 of a retainer support 730. A flat horizontal upper
face 732 of the band engages an annular downward-facing face
734 of the bore. The band is secured vertically within the
support but is free to move radially. The outer face of the
band has a right circumferentially-extending and outwardly-
facing channel 736 in which rides an annular bladder 740.
The bladder may engage an inner cylindrical face 742 of the
bore 728 as well as engaging the channel 740. As shown in
FIGS. 14 and 15, with the bladder 740 sandwiched between the
band 722 and the inner face 742 of the bore, inflation of
the bladder biases the band radially inward (FIG. 14) so as
to compressively engage the substrate perimeter. To
facilitate the radial inward moving of the band 722, the
band is provided with a cut or gap 744. The gap 744
decreases and increases as the band 722 moves radially
inward and outward, respectively. Inflation of the bladder
740 causes a partial closure of the gap. Thus, with the
bladder inflated; the inner face 726 of the band 722 engages
the substrate perimeter 70 along a continuous
circumferential zone of engagement extending around
substantially the entire substrate perimeter 70. Optionally,
as shown in FIG. 16, the band may be formed as a plurality
of a discrete, radially inwardly-biasable segments 822
separated by gaps 844.

FIG. 17 shows a retaining ring 920 having a plurality of
radially-inwardly projecting engagement features 922.
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Depending on materials and construction details, such
features may provide plural discrete points of contact 924
or short regions of contact between the ring and the
substrate perimeter 70. Such engagement features may either
be used in a static retaining ring or in an inwardly
biasable retaining ring. In one embodiment of a static ring,
a rolling action of the substrate within the ring will cause
the substrate to alternate between having one and two points
or regions of contact. With an inwardly biasable retaining
ring, at least three points or regions of contact will
typically be present and the substrate will be held securely
within the ring. The engagement features 922 should be
formed of a highly durable material to resist the shear and
compression forces created when the edge of the substrate
abuts the engagement features..

A number of embodiments of the present invention have been
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit
and scope of the invention. For example, various features of
the invention may be adapted for use in a variety of carrier
head constructions. Accordingly, other embodiments are

within the scope of the following claims.
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CLAIMS

1. A retainer for use with an apparatus for polishing a substrate, the apparatus
having a polishing pad with a polishing surface for contacting a face of the substrate;
wherein the retainer has a cavity to receive a substrate and the cavity has an encircling
inwardly directed retaining face to engage and retain the substrate against lateral
movement during polishing of the substrate, the retaining face being adapted to engage
a perimeter of the substrate either along a circumferential zone or at at least two
discrete, spaced apart locations around the perimeter of the retaining face.

2. A retainer as claimed in Claim 1, and in the case where the retaining face is
adapted to provide a circumferential zone to engage a substrate perimeter, wherein the
circumferential zone of engagement spans at least 10° of the substrate perimeter.

3. A retainer as claimed in Claim 1, and in the case where the retaining face is
adapted to provide a circumferential zone to engage a substrate perimeter, wherein the
circumferential zone of engagement spans substantially the entire substrate perimeter.

4, A retainer as claimed in Claim 1, and further comprising an annular
longitudinally-extending retainer portion, the retainer portion having a cylindrical inner
surface which forms the retaining face and has an opening for receiving the substrate at
a lower end of the retainer portion, the retainer portion having sufficient elasticity to
accommodate the substrate while maintaining compressive engagement with the
substrate.
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roof section, a body, and an annular longitudinally-extending sleeve depending from the
roof section and separated from the retaining ring body by an annular recess, the sleeve

having a cylindrical inner surface which forms the retaining face.

6. A retainer as claimed in Claim 1, and further comprising an annular, radially
outwardly-extending flange secured between a body of a retaining ring and a carrier
body and an annular longitudinally-extending sleeve portion depending from the flange
having a cylindrical inner surface which forms said retaining face.

7. A retainer as claimed in Claim 1, and further comprising an annular, radially
inwardly-extending flange secured between a clamp and a membrane support structure
and an annular longitudinally-extending sleeve portion depending from the flange and
having a cylindrical inner surface which forms the retaining face.

8. A retainer as claimed in Claim 1, wherein the retaining face is formed by an inner
face of a. band that is circumferentially adjustable to engage and release the substrate.

9. A retainer as claimed in Claim 8, wherein the band is wrapped substantially
entirely around the substrate.

10.  Aretainer as claimed in Claim 1, wherein the retainer is elastomeric.
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12.  Aretainer as claimed in Claim 11, wherein the membrane defines a chamber
which is inflatable and which extends at least partially into the annular lip.

13.  Arretainer as claimed in Claim 12, wherein inflation of the chamber biases the
lip into engagement with the substrate perimeter.

14.  Avretainer as claimed in Claim 1, further comprising a plurality of annular
segments, each segment having a bottom face and an inner face, the inner faces of
the segments forming the retaining face, and wherein the segments are selectively
inwardly biasable so as to compressively engage the substrate perimeter.

16.  Aretainer as Claimed in Claim 14, wherein the inner face of each segment is a
cylindrical section.

16. A retainer as claimed in claim 14, further comprising a substantially annular
inflatable bladder sandwiched between the segments and a support structure, so that
inflation of the bladder biases the segments radially inward to engage the substrate
perimeter.
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17.  Aretainer as claimed in Claim 8, further comprising an inflatable bladder, the
bladder of substantially annular form and sandwiched between the band and an inner
face of a support structure so that inflation of the bladder biases the band radially
inward to engage the substrate perimeter.

18. A method for polishing a substrate comprising:

providing a moving polishing pad with a polishing surface to contact a face of the
substrate;

providing a retainer;
engaging a perimeter of the substrate with the retainer along a circumferential
zone of engagement.

19. A carrier head for holding a substrate in engagement with a polishing surface of
a moving polishing pad, the carrier head comprising;

a substrate backing member to engage an upper surface of the substrate and
apply a downward force to the substrate;

and a retainer as claimed in Claim 1.

20.  An apparatus for polishing a substrate comprising;

a movable polishing pad having a polishing surface; and

a rotatable carrier head, including:

a substrate backing member to engage an upper surface of the substrate and
apply a downward force to the substrate, and

a retainer as claimed in Claim 1.
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