;e3eNoNl F 26hTGR 5 1 WAFER CARRIER W TH GROOVE FOR DECOUPLI NG RETAI NER
RI NG FROM WAFER  BACKGROUND OF THE I NVENTION 10 1. Field of the Inventi
The preseglp diMeation relates to chem cal nechani cal pl angidrg@loy Qe CVP) |
and nore particularly to wafer carriers for reducing edge effects during
waf er processing by CMP. 2. Description of the Related Art Fabrication of
sem conduct or devices from sem conductot wafers generally requires, 15 20
25 anong ot hers, chem cal mechanical planarization (CW), buffing, and

cl eani ng OV AFERVEARRIERWAATH GROOVBEROR DECOUPHNGRETWINER |y are
formed in nulti-level structures. At the substrate level, for exanple,
transi stor devices are for mERINGOVFROMSMWUSEER! evel s, interconnect
nmetallization lines are patterned and electrically connected to the
transi stor devices to define the desired functional device. As is well
known, patterned condwuebdve features are insulated fromeach other by
dielectric material, such as silicon dioxide, for exanple. As nore

metal lization le , ciated dielectric | ayemﬂu]ﬁ w, mummﬁm t he need
to pkanarize thevlmwwmwﬂmﬂwm terial increases. Wt ’ 1" ’I ation,
fabrication of additienal netallization |ayers becones sutass+~antially nore
difficult due to the higher variations in the surface topography. |In other
applications, netallization line patterns are formed in the dielectric
material, and then nmetal CMP operations are perforned to renbve excessive
metal | ization. Figure 1 shows a schematic di agram of a chem cal mnechanica
pl anari zation (CVP) proce r i conductor wafer 102. In
this process 100, the mafSBA' L) &B(EFQ‘ (ﬁ?ss in a CMP system
104. Then, the sem conductor wafer 102 is cleaned in a wafer cleaning

syst em Hodicldipf the laveBHanct or wafer 102 then proceeds to a post- CVP
processi ng 108, where the wafer 102 undergoes different subsequent

f abrdDcat i on The presentapesntion aelgtes jto chemtiaaly meehand¢al ipbamartation GNIBh and [ragrer s,
sputterin ot ol i thogra ~_and associated, etching. The. em 104
Cypi cal I8 /el SRR aEnd BREH I g it proeioing Py BB £ e
surface topography of the wafer 102. Such conponents can be, for exanple, 5
an or bi tzapgﬁﬁr‘l?t!ﬂ"a?ﬁtbﬁﬁel%‘éﬂ Athing pad, or a linear belt-polishing pad. The
pad itself is typically made of an elastic polynmeric material. For

pl anari zi ng tabriaiionaafescmipnaghetph fleviees: emyggmigontdoctor waéerp ganarally irquires,

notion and a slurry, material i.s .appli.ed. a r . over, t.the.su e pf the
pad. OncBipfe S5 SR fmdbplify P Al Y Bhad) a0 b0 AE Sl
102,15Whi shodem medthed drtuid WalRE tgpitdllyehre fameoviaratioriel idrnaey. f agethef
the pad for planarizing the 10 topography of the wafer surface. In

rot at i ongubsiptedevsilifar exzmple yransiater daviers are Frmgd p drisubsequsahicxels onteacanaedt i ng
glr gin?;I S{%%E)a?l(sr\z%{iﬂrg r]]i\(lj}gt ofé,i ;{%&}gﬁrnrgcy ah& efecr:]ttrircgl(lj}yggnq)egt% % Eh%%a?ﬁ%slo% Qfer%e? f%ddefilng
the desired functional device. As is well known, patterned conductive features are insulated
from each other by dielectric material, such as silicon dioxide, for example. As more
20 metallization levels and associated dielectric layers are formed, the need to planarize the
dielectric material increases. Without planarization, fabrication of additional metallization
layers becomes substantially more difficult due to the higher variations in the surface
topography. In other applications, metallization line patterns are formed in the dielectric

material, and then metal CMP operations are performed to remove excessive metallization.

25 Figure 1 shows a schematic diagram of a chemical mechanical planarization (CMP)
process 100 performed on a semiconductor wafer 102. In this process 100, the wafer 102
undergoes a CMP process in a CMP system 104. Then, the semiconductor wafer 102 is
cleaned in a wafer cleaning system 106. The semiconductor wafer 102 then proceeds to a

post-CMP processing 108, where the wafer 102 undergoes different subsequent fabrication



i ntroduced via pad orbital notion and wafer Garner rotation and the slurry
is introduced fromunderneath the wafer through nmultiple holes in the

pol i shi ngygagh22thir ough these processes, a 15 desired waf epciysfiaged S
polished to provide a snmooth planar surface. The wafer is then provided to
the wafer cleaning system 106 to be cl eaned. One of the main goals of CW
systens is to ensure the uniformrenova@ rate distribution across the wafer
surface. As is well known, the renoval rate is defined bg Preston's

equat i orppemélmmnchtsie@ <dleppsinion ok edditional Haysy apputisriag.oPhoflihogmphy.s and
functi or]dl a?détglﬁﬂ!rng pressure P and relative velocity V. The term Kp, is
Preston icien which is a constant determ ned by the conposition of

the slurr e cess te ratur d.the pad surface. Unf nate
convent i o%al Qﬂ\/llalg@sts%ﬁ%mo rfyglﬁ?]ﬁérm‘rf]%‘?ﬁ & "eme??r%cl”’?nishgi B%‘éfﬂ
the remygaritAkahe Bt USpdaihy Ur it WateY 188 Q8sh EHBpNRhAT cafl We! ﬁﬁ%xaﬂibr% edge

25 effects typically result from boundary condi ti ons bet ween a wafer  edge
and & p(ﬁhloslbltai@r pataltichal polgshDighpagdy mcaabmangelt-ﬁolgﬂhm% 2. s’lﬁmmdatself is typically
Vi ew of a static.

Cross-sect r} g of conv t| %n e eff t be vveen
oot | BRadsroln S aroy@ete, Rpteal o oL My T T aace topapapt o fhe a
uni f or myphegsWhg id t?ﬂ(ﬁ{ohﬁﬁl affdla El‘i}?ry‘ﬁﬁaft@ﬂial 1%3311@% \}T rodBvet th% sqﬁ‘é\&f &rtﬁé‘ aS

i ndi cated by vectors 106. This dowd force causes a
def or natpadn, Ondd tie pai Smth! thdishateds mpvingcatoa sledite?, rate, th«hevqﬁadlommhiblaﬁs is

essentially transversal (i.e., nor with a substapti al
ong t udreived PRk ERGnFE: b BREFRronse dbe Fuicc A Eage! 0 PBRSHFES VAR o
| 024 g"i@g@ﬁ?"’fw‘%ﬂ%ﬁa tion results in a lower pressure zone |10 near

the edge he edge 108 of the wafer 102 causes high pressure as

| ndi cat ed byIn"r%S@' éllgrbl&]?leié\)/ﬁp%)fs%rﬁjlﬁcéltﬁgpﬁg "had48 15 AR B 7 100dlifle Planide

near the edge crea ressure zones

non- uni fsgifike;, @ABVEE slalyeis askaised bﬁto&hw@bﬁﬁhxn@p@&rm atBitall toustih@tve®cay is
cross-sectional view o a dynam c nodel of the edge effect between a

sect i on isfrodused wigf pad Qb@almw@lrﬁ@dwfﬁrsqam rp@aoaead the sbwex isghtreducgd from
t t f 02
oS! ek O R A RO L BoRU G O TR P ReIBAY 415,

I'n 13i s degirdd g/ufeatguﬁace ishpolisBé® o Hocdide ai stdvitt Sﬁiﬁaf ehrfdceV eThed wahe @qlms hi ng
pad 104 as indicated by vector V e,. The pad 104 is generally elastic. 10

As the \m\édectﬂozhw\a’@gcmamlhgﬁwrnéb@tquclmém ty Vrel, over the pad 104,
it thus causes elastic perturbation on the surface of t he pad 104. The
t ransl at i onaDnerodfi the oint lgealnadfe CMID Bystemis tiketoebmstd thep@nifounbatimownal prasduce

a Iongltudl nal-transv rsal. pad_deformatio i the s rface f_the
pol i shi f5H %‘%ﬁcr%%c §‘p W@Snvéﬁt@dﬁg}l %% gierar? o’ﬁ‘tet }feé?]ry‘ea
def or ”atPr&'ﬂor%@E&Jdn%n?H&hS@a'l R¥rea= KBPY, where the removal rate of material is a function of
20 loading pressure P and relative velocity V. The term, Kp, is Preston Coefficient, which is a
constant determined by the composition of the slurry, the process temperature, and the pad

surface.

Unfortunately, conventional CMP systems often suffer from edge effects that

redistribute the removal rate and thus the uniformity across the wafer surface. The edge

25 effects typically result from boundary conditions between a wafer edge and a polishing pad
during CMP processing. Figure 2A shows a cross-sectional view of a static model of
conventional edge effect between a section of the wafer 102 and a polishing pad 104. In this

static model, a uniform pressure is exerted on the wafer 102 in the form of a downforce as
indicated by vectors 106. This down force 106, however, causes a deformation, which is

30  indicated by vectors 112, of the pad 104 that is essentially transversal (i.e., normal) but with a

substantial longitudinal-transversal perturbation zone near the edge 108 of the wafer 102.



15 rel axi ng wave due to suppressive action of the extended wafer surface
and the high viscosity of the pad material. This causes | ocal

redi stri pudogop2ed the | oading and pressures near the edgepdP8shfsidgie wafer
102. For exanple, |ow pressure zones |20, 122, and 124 are fornmed on the
surface 114 of the pad 104 with progressively higher pressures relative to
t he distance fromthe edge 108 of the @®afer 102. 20 Each of the |ow
pressure_zones 120, 122, and. 124 is defined by |ocal mninmm and maxi

pr essur dhugghisrefomatiop AeRls ihe LasYer pressreizong i Hhnesr thefizs JOBadse Fé%f’obqgap hy.
For exangplyf ef while ll(ﬁcé’alus'.i[p tﬂg@%sﬁhgﬁ Ny ”veér%& i Rﬁe?el%fﬁfoaﬁaﬁ YWofr- 20N€

120 causes | ower renobva resulting 1n’local” under- arlza ion of
t he sur fuaiferrh preagurapiens n€onwesdegell98. t he | ocal nmaxi mum pressure region 128
of the | ow pressure zone 120 causes higher renoval rates, 25 resulting in

l'ocal over - piRnathtcit éfoakeﬂfauhb gregsiﬁé 26iRs 1R U ﬁ&hﬁnlf&hy&mévaﬁa&va%@sls lthe
pl anari zation efficiency of e wafer 102 is substantially degraded

Fur ther mfes, Fltgum)aBeﬂmtmﬁ%sl a Oes-sactipratsvieweoffa dynaatic \mndel nﬁﬂlemdgemffwdmes

' | ffect at t f t.hat ti d t f
St urry SR dreofen of Fepr gt B2, Gl ReRoutpiak a3 1LCH s of EirERTe T ng
ef fect hebWagis ahs Raker Q02 @A plab® ('Rt HelWafdP mﬁaawd@%jr&hl(m sH&Qn)ll(ﬂﬂt The
slurry is initially provided over the surface 114 of the polishing pad 104.

As t he weifigols Itmmmvmsnwft the wesdferciG2y W s ewifiguiationt the tvaderp )2 shinrmyotped

4 104, the ed of th fer,c s a hi essyr.e. as indica

vector” T8aSveRe ol bACIRIShACRETRY sy Yoo e il uBe R etk ERg Y
1501t txene eer 2 r%vésh@it%@:%laé@e?veléélﬁf Vbbvéxetﬁé rph@fwmqt Hud (cfu)ée& ERLRPOr t
underneath the wafer 102. In addition, hi'lgh”l oading at the edge 102 may

squeeze pedtrbatien e thersyrface ofghe pask 4. and grooves of the polishing pad 104, 5
creating slurry starvation conditions. As a result, internal sections of

the wafer surfeaocendmjonabdtmdi@npsd tiedadfen 102 ante guathstivrpentrbadion |pli$d’u3te feor
effective CMP processing. Additionally, |ow pressure zones stinu

r edeposiopsiBidinal sReswes! Paddefosmaen ¥ave ﬁér‘é‘é%ﬁa@uﬂ‘ﬁaefe tmem@rémng. aa)d 104
Speci f '&@&dengr t%%\ﬁ%ﬁtio%ﬁbva%e&}‘a? G Redty! T}Feec}f%lﬁ‘ﬁdﬂbHRX?aQ/g lépgnéaﬁ?
eaucl n pe eac |ons

nmodi fi cation“eactions, which®are typicafly r

stirul atchglingOvdye duegd sttS@i!’EQctldn’bﬂthe&etellimaﬁafmrfaw aristhe Bighragessiteafer se
the reacti on causi ng redeposition of dissolved by-products back to the
waf er sifif Pag aatqaly P%@F Wﬁ@lerﬁdla!nbtlygm @élt*wloa@gg (#RE GHISPYRY BeArdhe edge

Conposi {4g0, (? t?ﬁqlagel,ruﬁﬁ gf&%eegc ?fe sl%sstuQe %&fefsvﬁbe 22 Pﬁ(fi 358 are i?hﬁ%m i

cl eani ng e waf er y nor e |cu1 N view o

f or egoi mgfacevmm of the pae do4l with progredsbielClaiphdrairessiigs relaiventd Medigtancedgem ik
effects on_a wafer duri ng CWP processing while reducing slurry sealing
ef f ect . edge 188 stfmurferdd2THE | NVENTI ON

20 Each of the low pressure zones 120, 122, and 124 is defined by local minimum and
maximum pressure regions that cause uneven planarization of the surface topography. For
example, the local minimum pressure region 126 of the low pressure zone 120 causes lower
removal rates, resulting in local under-planarization of the surface topography. Conversely, the
local maximum pressure region 128 of the low pressure zone 120 causes higher removal rates,

25  resulting in local over-planarization of the surface topography. Thus, the overall planarization

efficiency of the wafer 102 is substantially degraded.

Furthermore, in conventional CMP systems the frontal wave maximum produces
sealing effect at the edge of a wafer that substantially reduces entry of slurry under the wafer.
Figure 2C shows a cross-sectional view of a sealing effect between a section of the wafer 102

30  and the polishing pad 104, The slurry is initially provided over the surface 114 of the
polishing pad 104. As the wafer 102 moves with velocity Vrel relative to the polishing pad



Broadl y speaking, the present invention fills these needs by providing a
wafer carrier that provides uniformrenoval rates by masking the edge of a
wafer to ke eghahed. The wafer carrier allows a retainer gdpngsopthog Waf er
to i ndependently align to the surface of a polishing 5 pad to substantially
elimnate detrinental edge and sealing effects. It should be appreciated
that the present invention can be inple#ented in nunmerous ways, including
as a process, an aﬂgaratus, a system a device or a nethod. Several

i nvent i va0&rthe @iz H& olothe twaserprapsss it high weassyre @s idicagrskley vesser Bl obhis highone
enbodi nen he._pr nt_invention p i.d fer. carri f use. W a
50 chen B cAlS 6 ng SRR ARROH SR 185 Cins Bl s, A el et s
a vacuumghdiskreatabting §18irRitAREport uidernti (N GHEINODUTK additi6i) HidH01oagidlg tap tHeol d
and rotate a wafer for planarizing a surface topography of the wafer on a
pol i shi ngdgsad02 Thay squeeasnew Hbe lslurryc puidefsperas iant @roqveyobrihe pelihingl pad) 10he
waf er. and_an_outer region and.further |neludes .00V dapt.ed to decoupl e
e Prmorrehing SRR PHEm SRR e R o4t HERel SR B8 A uiibog F5e
vacuum 1gochuisdsvide® with 2dfgiREk infouRP¥Esliniyl eRedeiid OMPhracedsin€ct | on _
orthogonal to a polishing surface of the polishing pad. The retainer ring
I's di sposed ofydifénaPy! Gbw ' HEsRR IbndsNSiMAGHY RIEHNEH ceskeS MRhd G @dudeO
retain the mé?%r J}?hg %mﬁﬁprocesg%ng} I'n tﬁ%s conf?gﬁ}atfgﬁ, t he i
decoupl ethcrarsed neface dafgctivity. tSpecifi@bléy, caneensiond(QdB sy aemo valizandisspdutbardnldy t o

align to the poljshing surface of the polishing paqd during CMP processi ng.
20 I'n anéHTEa&F RO REAIOR Meactigns,chiap e FyeAlly g ucgrgevcapmﬁ typedRagiions stimulated
mechani ¢ [, Zaty : j i i j udes
v RS TR BRNiBhe, By e A ool o e poie
and r ot abe disselvté bytmpodyitaback w tig svafursusfaee. t Reodppagited oilateriak typdallly s a
pol i shi ng padoﬁag i ncludes an jinner region for holding the wafer and an

out er r eBNCARITORARIC \COMPORMUOR ANE BlCE O RASGIES ihdhg NeFgiaduTage.gr BB emakfipt ed
to 25 deaggﬂhgogﬁ@\%ﬂggﬁb& hmgnﬁﬂgdﬁﬁggguter region. The inner and outer
t uck ar

regi ons o vacuum c arranged to nove independently in a
direction orthaogonal. .to.a polishing surface of the polishin ad. . The
retainer ri ngIni e"&iog pté% g%feg?{ng’h‘gh%qgjtsen;ée?eeag}so% % elt%gnvatﬁ%}u cﬁﬂEﬁuzgn%d%es
confisgur effedi®or 8vafdt dufifg WM prodersingav M eMicfLsirp Shalinf effégcoupl ed

retainer ring and the waf er are arranged to nove independently to align to
a plane defining the polishing surface of 30 the polishing pad during CW
pr ocessi ng. 6 In yet another enbodi ment, the present invention provides
a wafer Garner for use with a chem cal nechanical planarization apparatus.
The wafer carrier includes a vacuum chuck, a retainer ring, and a vacuum
port. The vacuum chuck is configured to hold and rotate a wafer for
polishing the wafer on a polishing pad and includes an inner region for

hol ding the wafer 5 and an outer region. The vacuum chuck further includes
a groove adapted to decouple the inner region and the outer region, wherein
the inner and outer regions of the vacuum chuck are arranged to nove

i ndependently of each other. The vacuum port is configured to provide a
vacuum force to the vacuum chuck. The retainer ring is disposed on the
outer region of the vacuum chuck and is configured to retain the wafer
during CWP processing. In this 10 configuration, the decoupl ed retainer
ring and the wafer are arranged to nove i ndependently in a direction
orthogonal to the polishing surface of the polishing pad such that the
retainer ring and the wafer align to the polishing surface of the polishing
pad. Advant ageously, the decoupled retainer ring effectively nasks the edge
_of the wafer to



mnimze detrinmental edge effects on the wafer during CWVP processing and

I mproves uniform 15 renoval rate. Preferably, the | eading edge of the

retai ni ngw@oseyaped in a rounded fashion to reduce the pragsyisi1af0ihat the
formation | ow pressure zones under the retaining ring 304 is mnimzed.
This also mnimzes the undesirable slurry sealing effect and further
enhances uni formrenoval rate, thereby é&nhancing the uniform planarization
of the wafer. Qther aspects and advantages of the present invention wll

beconme apparent fromthe fo'S%Mﬂg@%ﬁﬁﬁf’[g@mi ption, taken in

conjunction wth the acconpa , ting by way of exanple

_the principl of. the present invention. . BRI E SCRIL PTI ON THE

DRAWNGS  ThePTordly Realiing, dfit Peionkinyenan rfgla(ﬂzw WHE%EEPHH&E;B% ¥R G ng
det ai | ed i s PeXale] [ i1k ) ' QA N

facili tattlgﬁ? Ef‘)é&géé’gg?’;“gf i on,aylfh?%e@?g%\gg%n%ggd nurrernyg}%s/ﬂog% i glﬁggtdégﬂ%lelgﬁer

st r uct ur ahrriet ell@mt s retbinéi gng endla shadersto andepbrairatly aligh sgtharsudhcenoich polishalg

mechani cal planarizati on (CMP} process,performed on a senjc uctor wafer.
i quie. o ed o bbb Sl dBmeteL e ins e iorduck paa iRt
edge eff : | L Shing: .a & 2B
1 Pt r o T pRAR v cRRG AP0 mbloAeHEl B nditrols MDA s S 3
bet ween appaatus,onsysterhhe dewiteor andethbd. [Beiverahinvgnipadembodjmeats2E the prasent
cross-secgtional view of seal ing effect between a section of the wafer and
t he poli é%‘feﬁﬁmb%r&.deﬁifg’ﬁiigd?ﬂ'shom a cross sectional view of an exenplary
waf er carrier in accordance w th one enbodi nent of the present invention.
15 Fi gure 3B In| pngsembeodiment, the Psessbic invention pradesfa avafgaf earricafosarsevivith ag

nmodi.fi ed.retaining i in.accor ' e | rent of th r gsent
el | et eyt B AR apRREGs irhl AP R Bty e I Rl
accor dancftathdrtingn eTimpRdinfietiuciofs Ediffignfed6Hold MERIAOR. wileOEr @ldAriFiAOWS a

cross-sectional view of a section of the wafer_and a retaining ring 20 that
are arr atgleer taposmphy 10 dhe tgéer e @ olighing pad.waliher vachum cchoekl drctedeg anhingere

enbodi nent. of. t resent 4 nvention. Figure shows rgss-sectional view
of & seabkioh faf PPy <feh 46T h PisrieBihgrmn G e Be bt PP AR MR o
reduce tdegowfl@eneeinhectegn drfdethe Qs_tuedr%%lan.r IThe ihfierama Qutanegionk bh teacuum
enbodi ment of the present invention. 25
15  chuck are arranged to move independently in a direction orthogonal to a polishing surface of
the polishing pad. The retainer ring is disposed on the outer region of the vacuum chuck and is
configured to retain the wafer during CMP processing. In this configuration, the decoupled

retainer ring and the wafer are arranged to move independently to align to the polishing surface

of the polishing pad during CMP processing.

20 In another embodiment, a wafer carrier for use with a chemical mechanical
planarization apparatus is disclosed. The wafer carrier includes a vacuum chuck and a retainer
ring. The vacuum chuck is configured to hold and rotate a wafer for planarizing a surface
topography of the wafer on a polishing pad and includes an inner region for holding the wafer
and an outer region. The vacuum chuck is elastomeric and includes a groove adapted to

25  decouple the inner region and the outer region. The inner and outer regions of the vacuum
chuck are arranged to move independently in a direction orthogonal to a polishing surface of
the polishing pad. The retainer ring is disposed on the outer region of the vacuum chuck and is
configured to retain the wafer during CMP processing. The decoupled retainer ring and the
wafer are arranged to move independently to align to a plane defining the polishing surface of

30 the polishing pad during CMP processing.



8 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention
provides a wafer carrier that decouples a retainer ring froma wafer during
CVP procegsd fihbe al low the retainer ring and the wafer tgpEW@mRIZsal Iy
align to the polishing surface of a polishing pad. In the follow ng
description, nunmerous specific 5 details are set forth in order to provide
a thorough understandi ng of the present6invention. It will be understood,
however, to aone skilled in the art, that the present |nvent|on may be

practiced wi t/Roit anads egpbogimengsihe Rresent dnysBtien proyidesp mefer|carmigr ﬁ@ruse with a

i nst ance n ry i tail

Tn-or derEae et R MARARA S ERRIAR TN Bl BlerBF B MRS Vb, e
shows a retaixes rmgpincbmahcuwrepomf The veotrrpéiacy isvedrdigueslr tol lmld 3tDrdtite a wafer

accordance w.th one enbodi nent. of the present |nvent| on. The wafer carrier

. 300 is clerpplighingthe vaien on a@ehﬁhs’@&?&a@ insludes amngy ragiep ovhokling e syate,
S f I I k
ot aini i olE bR THE Lot oSk il AU SO pcibfod ANLEIY e

prefer ablhnem*egl@m lapd tiershte@lragibh cwhaeid theini@denddutategibasof the vaduwbi euckagh as
15 rubber. The retaining ri ng 304 is disposed around the e| astoneric vacuum
chuck 30%ranged t mione ndeasrdentpof ieactpther e wa@lu@\mrw%e@&sw@i toppIeyide ab| vy,
tile ret I ge t u C

subst ant ST Tpiekn s Vb WHAECS e Hilal e fe FerbRld RV AERBEET IR,
A decoup\}acﬂ@ngm@keanm@s (configured rteneekhin Qhkarlﬂﬁér, d&lﬁﬁg )CMP faﬁfcﬁé%ﬁlgne&ﬁ thhe
outer edge of 20 the vacuum chuck 302 and defines a pair of regions 316 and
318 10 teafiguetiontindraeuplod retamer Ting andiiha gvaferige goanerd teimeye sslgpaenibyinon
316, whic t d T f IS
ai sposed: SahEoBlSahat §FfhoRnRE G R drihe BATHME SU ke B8 0 M Bl
vacuum faidaRe RafRY hiatiotthe polgshidghwirfdecsfine pelishingGfad. | n this configuration,

t he decoupling groove 310 is configured to effectively decouple 25 the
regions 316 angyaitibeblsly! htﬁe @E&ﬁ]ﬁ)féﬁéﬂaﬁldﬁﬁg@m&l%@lﬁngs% thel e (e GRURATNG Of
the regions 316 and 318 allows the attached retaining ring 304 and the

waf er 3UBinimizaldegmented eden difedts yn the wafer durangeCHP Iaoqms‘smg land gmprov Esefarm a

P Rt Dl o S atetaniy  the TeAdin, ek e s e it Vg 1 AdRGR A S each

other inegydi th@%?és%ge %Bttﬂﬁ%g%nﬁéﬁoh h@wvﬁ&%ﬁre%es hhase (He eQMRingtind94;st he

retaining ring and the wafer 308 can be independently aligned to the
pol i shi ngnmmzbd.cé[‘hmdksp rpuimnszhs mkye pndessable slufyy seialihg loéfecti arclBsthdr evhamosse
detail below, this self-alj n ur e, of he reta 304
and "t he NERER TE0R A FHECPETRY n s e b e B RN G BF vater QubsrAGeER
processifg, acfv%%@é&%tsﬂﬁsﬁxé@nk 3hiehtiSh 'v‘mlr&t’:bxﬁg a&;B@reh'tn%ﬁi frRbPloBoRHgedabiiact s.
To further ensure elimnation of residual edge effects, the retaining ring
304 20ay @ecm'mmm taker dnt @njugtior seithe dgeacsbimpensng hﬁaawmgy idlusteatingr ymwtajeofedge

of the reixgglPF the pnnc,%ﬁes 013 tlBle present invention.



5 illustrates a cross-sectional view of a wafer carrier 3SO with a nodified

retaining ring 352 in accordance wth one enbodi nent of the present

i nventi onywgolPsyif er earner 350 is similar to the Wafer cahhRi 3068 shown

in Figure 3Awith the exception of the retaining ring. Specifically, a

| eadi ng edge 354 of the retaining ring 352 is rounded to elimnate the

abrupt edge of the retaining ring 304 shown in Figure 3A. The curvature of

t he rounded edge 354 of the retaining 10 ring 352 functions to distribute

pressure over a |arger ggif SURBT O HiSE Wikksal |y reduces the

ring-rel ated edge effecT§TJgp%ﬁre—ﬁ—gﬁgms—aﬂ‘%¥%$vt iew of the wafer

. earner 300 i mhRgEeeAaentidr WilDbe r@alp dhdeébodby tiefdo®agN dsthibdaddstgition! t

shoul d be noted that the wafer carriers of the present invention may be

used wi tih camynelign; ith Ehecagoospaniang dendngsasl fasdrate tive deppiptighulikeotefarencar y

. 15 CVP appar at . r ryler. 300 includes vacuum chuck 302,
rﬁ%}efaj‘%ﬁ'%ﬁl}&'ﬁlk‘@%ﬁﬁcwgaﬁ e

retaini ng vacuu qgﬁgﬁ'a vacuum chuck body 402, and a vacuum

mani fol d 404._ The vacuum chuck body 402 is preferably cy|ipdrical

Cont & ns. a v SISV batiegrue CEaBe! & HEmse meincal PRot R0yt iElos

i's confhg&&fgb%?%ﬂga§gﬁhg oNasysiy fter ce fromthe vacuum port 306. The
nifo

vacuum 404 is preferably made of a porous nmaterial and contains a

plurality of ng |r§§§oé-‘oot%;h‘% F%@E-gé%:%ﬂﬁ%é& lo? a%?a%icizﬁogglScﬁ%?ﬁ%en%éﬁ%sehggﬁég&uum

di stribution anster vacuum'T Oorce rou
vacuum detieden a@ection ofithdwared avda pbigshitagadm chuck body 402 and contains a
retaining ring section 408, decoupling groove 310, a wafer section 410, and
a vacuum gri gighe 2B Nfust88 UPEIBGsHiORY &ich) Of G aPMRhiB Snbdie dreh&ieBid 9frEdiNg
section 40% and the wafer section 410 25 of the Vacuum chuck to provide
i nddpfendetweenlaisgetivardf thowafepand thhipnbshiegpasiur f ace. The retaining ring 304 is
di sposed on the retaining ring section 408 of the vacuum chuck 302. On the
other hand, thes@eshdach iceiss4ddiodall vivesoft I ecating 2ffabeb@wehe awaéttin SOhei s
attached via vacuum force. For this purpose, the vacuumgrid 412 incl udes
vacuum peferand ghepolishingpadum pressure from the vacuum manifol d 404 to the
waf er 308 such that the wafer is securely kept in 30 place within the wafer
carrier 300. FgueBdd Svshowmss setiopsl- wew taf enadxempéary ofafer endriipmcodfrdarve
waf er 308 . ,and the retaining ring 304 that are arranged to nmask the edge
effect SHUEGE e\?ﬂ?og’rm%é’?f}}?%iﬁsc% YEAEE™ i t h one 10 enbodi nent of the
present invention, The wafer 308 and the retaining ring 304 are placed on a
pol il8hi ng padisye 3BiHustRtes aerpssntgetianat Viewhd & watsr RarHgr With @ medifiedeptainiag
waf er 3 . i . t he plane of the

O o8h §$c§§cgaﬂg‘ggﬁﬂ ong eh@@&ﬁlﬁgh& e graelzgérg %E\gﬂtr,ﬁﬁ’.

pol i shi ng~sur on the polishing € presence of the

retaining ri 304 ves the high pressure ed point away fromthe wafer 5
308 to an out B baleveity expigded Mt e duar it BtoprdiRg Wit §Ms 0,
Li kew sembbBigncdesnmphedefitahdnfiong ri ng 304 noves the | ow pressure zone 512
away fromthe wafer 308 to a | ocation near the |eading edge of the
retaining riggnp04,a sHous o WG s iSNIN 6Fa sBionairatle Warefenh A Bianfifs hifg
applied, the nornmal pressure vectors 508 under the wafer 308 are
subg0antthalateyarramigbd tormiask thegevige wdfectanfdhelimater tin accordance Wiith oreremshodirhdre of
retaining ring 304 masks the edge of 10 the wafer 308 from undesirabl e edge
effectst%?mF¥%h§W@FFan the edge effect fromthe edge of the wafer 308 to

t he | eading edge 510 of the retaining ring 304. Elininating t he edge effect
under the waffiguredB shpyys ggress-sgetionakview of @yseetipnied the wiafes and therrstainjps ripg
under t [ . gl t p ri lon.efflci f: fer
305 1 n SibaParrR, CaRall B e oEChOBRLIERNLGTG, b Bbiihe? wi SlT

. 304 can eaibs@inteat 60OME pesemdnitentibnr t her 15 inprove the planarization
efficiency as shown above in Figure 3B. Figure SB shows a cross

25




sectional view of a section of the wafer 308 and the retaining ring 304
that are arranged to reduce the edge effect of the retaining ring 304 in
accor dancg gyl @ne enbodi ment of the present invention. Peg,a8ieH0s808 and
the retaining ring 304 are placed on the polishing pad 502 and are

decoupl ed so that both are aligned to the plane of the polishing surface
504 on the 20 polishing pad 502. The | e&adi ng edge of the retaining ring 304
is shaped to mnimze pressure. In the illustrated enbodi nent, the |eading

edge is r0“”dei)éf’éfﬁb’%stdiﬁpﬁ@Wﬁiﬁ?ﬁéﬁg}gﬁﬁ%ﬁﬁﬁﬁb&mﬁs"w pressure
zones under th t he

., undesirable q‘hﬁrp’rwseﬁﬁﬁﬁdeﬂﬁo@gf@ﬁdes_at Wefee BirrR R MR Weblipldiea ¥thih@ Ahg from a
pl anari zation of the wafer 508. While the present invention has been

descr i berpferrduriag KMBipreeessing to glosf e retaingicrirgrpshithawraier, to jantopaticallyealign to

. appreci ated that thaose Ll in the ar n reading the preceding...
apeci 11 di Pelidile SRS 01 hoofiung ek Bl B B RreN, SERERE beifgns,
addi 5i oniailp areRet FbrIP NS oflRel e prlelida | eRboubh @h8&ktandihg o$ tHhe@hpifehiidenHed
that the .gr esent invention includes all such alterations, additions)
per mut atwidnze, uadeasteedi hewever, stoagner skilledaint Hienatththat ithee prepént | invention soay deof
the inventi.on VWat is claiped is:. 1 Al 1. A waf carrier for
use wi ¢ FPECHLTRRYt e ol B5F shdbinic el T indincee R b fpprogtes
vacuum %@k@hommvbw ®dert BesdAbdl ANtdi0MA r8ertnobab BhndcREsaRlyPHRERE iR pRsent
surface 5 topography of the wafer on a polishing pad, thé vacuum chuck
i ncl udi nyveation.nner regi on for holding the wafer and an outer region, the
vacuum chuck havi ng a groove adapted to decouple the inner region and the
out dD r egi onFiguner3A nsholsa anoress esedomdit @ewr ef)i annsxaniipladye wafet ucannierhBok iar e
arranged to nove independently in a direction orthoggnal to polishin
sur f ace agfordanse path; @Wifﬁla’%iéla‘?mé?ﬁﬁ‘emesﬁmrl&%ﬂtﬁ‘?@r T Pw?ﬁi%éao b@ﬁ%ﬁgurs ter
regi on c | GNP ai 1 f | NG $P
pr ocessi%r’lélfo %%@gpﬁﬁshgwdég%%ggﬁ ggmr]%t al nggrbgﬁsﬁlgk'angp‘%cﬁgca Tg{re g’?%k arranged
t 0 nove indhetizp endeniuhy chuwka302y rant aotivd) eetpinlngsting 04 uaidaa evaofurh pertp8046. s Thag
pad during thgh Clg/g@arocessi ng. .15 2. The wafer carrier as recited in claim
ue

1, wher ¢RFUH rif EFrierbly sirgplasandrilastic. angl iggnads oapp slastimatssiabiishes
ret ﬂ?neﬁuﬂﬂeﬂgTﬁ‘é‘{jeiﬁiH%WﬁMti dlE@Xs%d' E%H{&Q&tbkﬁep@ vactiih cE%RE% [dtdh as
recited 1nclarml, eréin the vacuum chuck 1s cylindrical wth™a circul ar

sur f ace,a wifer 80irt place dudh®) EMP iprgedsingdi Bietesaloly athe wadinidperingl 364 of adrdrped
vacuum %Schctrt}gtcibs tiort]to?n gdr?a%e (3:(132? ];si s%gsrtg‘r}t}a(ljlgf] flush or even with a surface 314 of the wafer to
be polished.
A decoupling groove 310 (e.g., trench, channel, etc.) is formed near the outer edge of
20  the vacuum chuck 302 and defines a pair of regions 316 and 318 in the vacuum chuck 302.
The retaining ring 304 is disposed on region 316, which lies along the outer edge of the
vacuum chuck 302. The wafer is disposed on region 318 on the inner region of the vacuum
chuck 302 by a vacuum force provided through the vacuum port 306.
In this configuration, the decoupling groove 310 is configured to effectively decouple
25  the regions 316 and 318 in the elastomeric vacuum chuck 314. The decoupling of the regions
316 and 318 allows the attached retaining ring 304 and the wafer 308 to align independently to
the plane of a polishing surface on a polishing pad. This is because the elasticity of the
vacuum chuck 302 allows the wafer 308 and the retaining ring 304 to move independent of
each other in a direction orthogonal to the wafer 308. Thus decoupled, both the retaining ring

30 304 and the wafer 308 can be independently aligned to the polishing surface under polishing

pressure. As will be discussed in more detail below, this self-aligning feature of the retaining



12 4. The wafer carrier as recited in claim11, wherein the polishing
surface defines a plane and wherein the vacuum chuck is arranged to align
t he decougv@ghg0tai ner ring and the wafer align to the sangmpi@iginl the
polishing surface. 5 5. The wafer carrier as recited in claiml, wherein
the retaining ring is configured to mask edge effects on the wafer. 6. The
wafer Garner as recited in claim1, whefein the retaini ng ring includes a

it oq T oP i So e, RArE: 48, Mty RSl b e, al Bty R Hofe e

r ounded.pr8cesénpiah&ebg aubistaatiallyodlins &indd thb uadaheble éage erpserani cal
pl anari zation apparatus, 15 conprising: a vacuum chuck conf i gured to hold

and rotate a Wafwther grsyse ghainasipm@f sessdiel gdge eldesiyrthe Fjainingt ieg 3R4 sraydie a

pol i shin d he vacuum ch Lnel udi n_inner, region .for-holdin he
. wafer an nggurg%ttoelﬁu?pééslsoeﬁ,ge £ ég%/ghggu 7 c%%gkr ei r?gedée ao'gtt WEPE gognﬁ%lggi?’hg a
grooe afagtaed 4 OrosesRubhS Vidve of BVaifer’ RGQB5ONKith Aenedified rétfidin® Hing sy &i N
the inner and outer 20 regions of the vacuum chuck are arranged to nove

i ndependesrrigndervith ghg erbedimenirafiiagypieagnt ieveatipo| Thewaler sarrfea 380 & similer to
pol i shi ag: and_ 13 a_retaiger. .ri di sposed..on t he outer.reqgi on of
Phe vacdtsvaitncBtinaoe aivrin kit SR HERRARE P el b $itidlyng
wher ei n o kedidgcap3sa Jrehkdifihingiritg 36 ist RRndef & cldhiaR tha NBAR: egd By the

i ndependently to align to a plane defining the polishing surface of the

pol i shi metapring dug POy shaven ioHigurp Bde ebhwi aygvatere of thetreundetedge 354 plthe agtainingi t ed

in cl.aim§, rein the cyum chuck is cylindrical with a circular ..

sur f Qc e m\ﬁhé% i%ﬁnctt’ﬁgs E%tcgﬁ%ﬂ@{e rgrﬁ@uﬁesowéﬁr s% iaé%fa ‘f‘ﬂr%ﬁ?‘l FenE 8 %‘#3 ésif’ﬂtéauy
vacuum GB#eKs the rihgliel@edddst effbdtat i on. 10 10. -The wafer carrier as recited
in claim8, wherein the retaining ring is configured to mask edge effects

on the waf er Figure 4riskowsnperexpleded sievaof tlar mabd darrier| 300ningaccardenes withhene
o i U5 R SRS SR AR R BB et 12
ret ai ni RgydnkiBA nhay Beowsed Sfth shy-suRah@ DRIP sidTheSuch @k iR NP hpRarkite B edthry
mechani cal pl anari zati on appar at us,

15 CMP apparatus. The water carrier 300 includes vacuum chuck 302, retaining ring 304,
vacuum port 306, a vacuum chuck body 402, and a vacuum manifold 404. The vacuum chuck
body 402 is preferably cylindrical and contains a vacuum distribution grid 406. The vacuum
distribution grid 406 is configured to distribute vacuum force from the vacoum port 306. The
vacuum manifold 404 is preferably made of a porous material and contains a plurality of pores.

20 The vacuum manifold 404 is disposed over the vacuum distribution grid 406 to transfer
vacuum force through the pores.

The vacuum chuck 302 is disposed on the vacuum chuck body 402 and contains a
retaining ring section 408, decoupling groove 310, a wafer section 410, and a vacuum grid 412.
The decoupling groove 310 decouples the retaining ring section 408 and the wafer section 410

25  of the vacuum chuck to provide independent alignment to a polishing pad surface. The
retaining ring 304 is disposed on the retaining ring section 408 of the vacuum chuck 302. On
the other hand, the wafer section 410 defines the area where the wafer 308 is attached via
vacuum force. For this purpose, the vacuum grid 412 includes vacuum ports to apply vacuum
pressure from the vacuum manifold 404 to the wafer 308 such that the wafer is securely kept in

30 place within the wafer carrier 300.

Figure 5A shows a cross-sectional view of a section of the wafer 308 and the retaining

ring 304 that are arranged to mask the edge effect of the wafer 308 in accordance with one



20 conprising: a vacuum chuck configured to hold and rotate a wafer for
planarizing a surface topography of the wafer on a polishing pad, the

vacuum chyakoa/ddefsudi ng an i nner region for 14 hol di ng gceusvafi 04 and an
outer region, the vacuum chuck including a groove adapted to decouple the

I nner region and the outer region, wherein the inner and outer regions of
t he vacuum chuck are arranged to nove ilfdependently of each other; a

retainer ring disposed on the out regi on. _of the vacuum c k and

conf i gureEtPoEment,0b the; ReseRBINYERtoN- ?}I&Piwger Pl Shestanips ﬂmgﬁéﬁw laed on 2
decoupl : ai F i f 2. ar. ' y in
i T B L e e Rl

t hat t heorteitabotkrare nilgnedrid thdplanafof theapolishitgosurface 504 ionhthe gpolshingpad 602.t he
pol i shing pad; and a vacuum port configured to provide a vacuymforce to

. the vacU¥REERFRRE Offe Ieiaining ginge0dmeves thedhieh presei; edgg Romt @y topstheyrisrei n
the yacudm ENUFloutspaelbdnt SPLLE, RAGAZ ARt M IAERECHID1EE. "EABLAET ule! N9

and the wafer to nove i‘hdepe as recited In
cl ai m 13ecodpdeceienaining ringci0dnmovesake iy plessuyrt izomly 5 tahway frimathe iwager] 308 to a
surface, wherein the retainer _ring is disposed around the edge of the

vacuum degaéienngarthe leadingdes gfi therpigming dng 39k Thyse whemp ﬁiewnggrcer wdicpied byn

claim1l ; L shi ' el el
vaouum oo 7 B ArRReihe AR Rt 8 RRE! s PR 08 MR SIS
waf er alungfdrthdn tofugnitadearl direetiod. Irhthipmbansd) thy rtbinfngoing 304 hasksltife edgeecof
wafer carrier as recited in_clali ein the retaining ring |

confldgurtkawatsr i ﬁrqeawewﬁb&%@egﬁégth é\ﬁhﬁ;ﬂ@fﬁmngslge s eflssicdion s qd?? ofthe
T e o
wher ei n thdevdf@adigiginedge, allowselurry to be provided more evenly under the wafer 308.
Accordingly, the planarization efficiency of the wafer 308 in substantially enhanced.
The leading edge 510 of the retaining ring 304 can also be configured to further
15  improve the planarization efficiency as shown above in Figure 3B. Figure 5B shows a cross-
sectional view of a section of the wafer 308 and the retaining ring 304 that are arranged to
reduce the edge effect of the retaining ring 304 in accordance with one embodiment of the
present invention. The wafer 308 and the retaining ring 304 are placed on the polishing pad
502 and are decoupled so that both are aligned to the plane of the polishing surface 504 on the
20  polishing pad 502. The leading edge of the retaining ring 304 is shaped to minimize pressure.
In the illustrated embodiment, the leading edge is rounded to reduce the pressure so that the
formation low pressure zones under the retaining ring 304 is minimized. This minimizes the
undesirable slurry sealing effect, thereby enhancing the uniform planarization of the wafer 508.
While the present invention has been described in terms of several preferred
25 embodiments, it will be appreciated that those skilled in the art upon reading the preceding
specifications and studying the drawings will realize various alterations, additions,
permutations and equivalents thereof. It is therefore intended that the present invention
includes all such alterations, additions, permutations, and equivalents as fall within the true
spirit and scope of the invention.

30 What is claimed is:



retaining ring is rounded. 10 20. The wafer carrier as recited in claim13,
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arranged to move independently to align to the polishing surface of the polishing pad during

the CMP processing.

15 2. The wafer carrier as recited in claim 1, wherein the vacuum chuck is elastomeric

so as to allow the decoupled retainer ring and the wafer to move independently.

3. The wafer carrier as recited in claim 1, wherein the vacuum chuck is cylindrical
with a circular surface, wherein the retainer ring is disposed around the edge of the vacuum

20  chuck in a ring configuration.
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6. The wafer carrier as recited in claim 1, wherein the retaining ring includes a

leading edge to mask an edge of the wafer.
10

7. The wafer carrier as recited in claim 6, wherein the leading edge of the retaining

ring is rounded.

8. A wafer carrier for use with a chemical mechanical planarization apparatus,

15  comprising:

a vacuum chuck configured to hold and rotate a wafer for planarizing a surface
topography of the wafer on a polishing pad, the vacuum chuck including an inner region for
holding the wafer and an outer region, the vacuum chuck being elastomeric and having a
groove adapted to decouple the inner region and the outer region, wherein the inner and outer

20 regions of the vacuum chuck are arranged to move independently in a direction orthogonal to a

polishing surface of the polishing pad; and
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with a circular surface, wherein the retainer ring is disposed around the edge of the vacuum

chuck in a ring configuration.

10 10. The wafer carrier as recited in claim 8, wherein the retaining ring is configured

to mask edge effects on the wafer.

11. The wafer carrier as recited in claim 8, wherein the retaining ring includes a

leading edge to mask an edge of the wafer.
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12.  The wafer carrier as recited in claim 11, wherein the leading edge of the

retaining ring is rounded.

13. A wafer carrier for use with a chemical mechanical planarization apparatus,

20  comprising:

a vacuum chuck configured to hold and rotate a wafer for planarizing a surface

topography of the wafer on a polishing pad, the vacuum chuck including an inner region for
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polishing pad; and
a vacuum port configured to provide a vacuum force to the vacuum chuck.
10

14. The wafer carrier as recited in claim 13, wherein the vacuum chuck is

elastomeric so as to allow the decoupled retainer ring and the wafer to move independently.

15.  The wafer carrier as recited in claim 13, wherein the vacuum chuck is
15  cylindrical with a circular surface, wherein the retainer ring is disposed around the edge of the

vacuum chuck in a ring configuration.

16.  The wafer carrier as recited in claim 13, wherein the polishing surface defines a
plane and wherein the vacuum chuck is arranged to align the decoupled retainer ring and the

20  wafer align to the same plane of the polishing surface.
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10 20.  The wafer carrier as recited in claim 13, wherein the retaining ring is formed of

an elastic material.
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