2 8 JAN 2004 WO 01/ 74534 PCT/ US01/ 09099 A WORKPI ECE CARRI ER W TH ADJUSTABLE
PRESSURE ZONES AND BARRI ERS Technical Field 5 The present inventi opgr sNaBs
gener al Ive;%t o_the art of planarizing a workpi ece agai nst an abrasive

surface W84 npl e, the present invention may be used tRFPUSHANY ng a

wafer, or thin filrpgwigm@ﬂw%? FW‘TT?FADW /e pafer carrier with

adj ust abl e pressure zone ] r %I’I’I ers; against a
TRy *ﬁﬁﬁ%ﬁﬁaﬁfﬁ%ﬁlﬁ

polishing pad in a chem cal-mechanic (CwWP) tool. 10
Background of the Invention A fl gi gi sk g[ "wafer” of single crystal
silicon is the basic substrate nigal Field e seni conduct or I ndustry for
t hg manuf a odnt ifdead i ' ' . yaf are _rypically
created byog%r) 'engn én el gﬁtégltq teeg g%g#%'f#gteor[%gigrﬁwg&%&%ﬁ%ﬁ@%%?%ﬁ%aﬁi con
and t habmasiwd suefacgy Forcixample thepressns ifventiorn fay by ubdtderplanbieing 4 whitg crahiaes

both faces of the wafer to be 15 extrenely rough. In addition, applicant
has no"t?‘weéen%%@r thegehms dRRRE ABPTONEH cvalgh GBS Wigh adjusirble pregsurshzgnes gnd

t rench,d; ' Tl r itlo8, .p ' Lo
concer FERt, pislre elriBRC AP pARRRY bidh aLHBMERRESIhRAT Bl arpionan:
has nofUMRBptobhat conventional STl processes usually produce a w de

peri pheral ring shaped bulge and a small central disk shaped bulge with a
narrow trough between bul ges. Applicant has also noticed that 20

camventi onal copper depositigcg&gﬁaggmm{,h& produce a narrow
peripheral ring shaped bulgéand a smalT _central disk shaped bulge with a
wi de tr oughAbatviligh op(iwgéer” offsingle enystal ssdleconf ist the basicesubstratetmathrialninetheat ed
circui ' 0_be, construycted st _be.. extremely fl in order to
Fac | emRal B B IO Bt hns o iRkt Ertalso oRerbnRoycyp tegs are
mat er i ghicapkieatkdtisy giwm%faﬁ elorfafed, cylii@er GH Kol Abf LiRYR Ery4tdERAsd 88 tttinh
filmlayers usually nmade 25 of metals for conductors or 0Oxides for
i nsul atlising) indyyiduab avafers tfrpa ke eylinder.| dhe slicing reguses oth fanenef e afertthede
I nteegr | Lcuptr . al sg be de a.uni formthickness. Planarization
| S5t e RheL LUt B3igR, BB REe B e pRer s erhisepREIR: st orfine s
flat prlt@ﬂ;aé.gsslfaila@&renchQid’latﬁ&pﬁ'm{aﬁ% k08 dsition 2pdd0Ee prebictNO¥@ cefric

iC

material to create a uniformt ness for a deposited thin filmlayer on
a waf SPulgesnfi exgesunttsrialen Bieswates Fonsrampledapplicens| has meticed tizg caryensipnaly

ci'r ou § T PREesste b ARITERO0 P WL BLihel 05 Shapb 8 iy Bl I FRICCAOE 4,
devel oghaged bujgeowtitte aC @airo@! tddgh pheawedn baldedn Hpphichit hh§ Udidl meticéd tthat

unstructured wafers. A conventional nethod of planarizing a wafer will now
betldi sEAT¥SRtpnalTRePRRAfdepOFIEon JupeRseRs Wswally pupducsra marow periphenal crivgl shaped

shaf t §flo@add\PsthAPLentrhl Sisk BB e dtu ARSI & Svid'EoldH Bée&een Bulges.

The front face of the wafer on which integrated circuitry is to be constructed must be
extremely flat in order to facilitate reliable semiconductor junctions with subsequent layers of
material applied to the wafer. Also, the material layers (deposited thin film laye;rs usually made

25 of metals for conductors or oxides for insulators) applied to the wafer while building
interconnects for the integrated circuitry must also be made a uniform thickness, Planarization
is the process of removing projections and other imperfections to create a flat planar surface,
both locally and globally, and/or the removal of material to create a uniform thickness for a
deposited thin film layer on a wafer. Semiconductor wafers are planarized or polished to

30  achieve a smooth, flat finish before performing process steps that create integrated circuitry or
interconnects on the wafer. To this end, machines have been developed to provide controlled
planarization of both structured and unstructured wafers.

A conventional method of planarizing a wafer will now be discussed. The wafer is

secured in a carrier that is connected to a shaft in a CMP tool. The shaft transports the carrier,
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28 JAN 2004 WD 01/74534 PCT/ US01/09099 and thus the wafer, to and froma
| oad or unload station and a position adjacent a polishing pad nggnjmqgﬁl,o

a pl atenwp%lgﬁg%sure is exerted on the back surface of the wafer by the
carrier rder to press the wafer against the polishi ndPGIAES0198PR1 |y in
the pres@ams thé wats! foYand Hisin b3k B 2 poDis At
orbited, linearly oscialnl at ed\élggr)%rr%{/e gé(ggtg&\?ﬁa??%%gg%ﬁ&gg%gé%ﬁ@ﬁoﬁ%ggg%ad

r andonMsamtedrtes? platennod qressurenisextret bo thébackhafrfacand e wakeNthe Nd AR Gl'S

CF essu PR To Bieke Mol Hibingl dhcpol Shing e Sunlb A gog sssncarni . Boe wafer
- ' . ] fl at | at
Phar 1 Ind/EReAMineARN £8) ectared TPV IROKE Bechlidl or Tholed i 41 VapfRil o

cond or gedmetrier bamlonspatieateyio notdre comieted BIhasRINGRUIYIAE.. t he pressure 10

plate is not capable of applying a uniformpolish pressure across the
entire ar eaa‘B’F”“{%ﬂ’é’; ‘&9{57‘%&31%%6 inghe af dorlpjdingfangd idéstrilbiting 2 presame on

attenp | | @m. I is often.covered be a
ot t oo, Palk AP itk Wad Bifing \Ge HHRRGHERoR FhSsean CONFRIFH rdtet o
to thectramonjuhivecehadd fliterembierplae thadisiuzednd passiapsihitsthe bck birfaddifithon

to corr@l%rtasa{]in for surface irreqgularities between the carrierﬂgé)ate and
t he balRIhataes st eopdormtathe hagk sprfpes of theovafers Asaoundequetcs; tho pressirever

' ' | - ; . h t armi nati d d
PR 8 b B A, G0 0L il S L)
the fi kspecially aotieyedpardfitid wifeel freah attempt idoverdbrh@this pwldh,| the YredSehe Pate

capabi|ity for |.obal | y adj usting once they have been applied to the
pr essulSePipngayeredl beonpefh cyrisnfibm flhe nuaprsemifitbn Slm daita trensihuniforn preissurel

flat plAe Has qgﬂgo : qmensate £or 1incqning wafers that. have
one or m)reabﬁItsgtghfaﬁsjc.tt %ﬁehar #OI zg@ qgﬁlgl@%sfqlﬁ%ngéc}"ba@%]{a%e ofcé)&pef’ﬁ%’[ngi fPr
cannot suricasitreghlarifice bstween ahplcantert slaidi i N badkoRRTaceNoft R Wakk, e fimce

It is .common for sone wafer processing steps to | eave bul ges

of . 1 he fer.

on”{ hed&iarms  2roensh Aad; sHRthes OvET gnwor yepntanination ey dhe pyalsk | wafaee.y Sheh
sanme agsHtvhidaki ' t ' f. Of et fer. thereby
| eavi ng thelr%'&?ggéﬁgdn%{r e \E/:vaq?glr1 ﬂ} %?F;F#qi’hp&l éﬁgﬁ{al{}%%%esé%gpﬁf \Q/?F%Pmboﬁ}r} I ons
of t heUn&franatly,ftbe Elmagrelalyepdraalty efftotiveseith fimited iffegibilitydap aoidapatility Hors,

t he de&rga@ O‘SS limt the useﬁ?ul area of the sem conductor wafer. O her
convengi® aqustimeonee;they haye bee 1ed o thepresspreRfatéor e t han one pressure

regi on acr OﬁScc}nﬁh%pP?%]éH rf&a&%v%tidﬂ%?céﬁ@ifeﬁr havitRE£ hida Gl lp}'a‘tc EQHEI they cannot
conventional carriers provide a carrier housi wth a'plurality of
c Gk encompenisateonimicomirgefess thhthavemynelve rhorddptged eThe Yard Tap phss iy limre by

b ' . B i zi nQ. t.he j.pndivi dual chanb in the t
oF ot e 18 Tail paCh Sriichaginét e amimiendn diiredt anes andns batk FRcEt
est abl wafed 3ChHOSHMMHEN IBE ksofild! haAsE RfceHﬁ?ﬁ"@ 5! to %VEﬁlge ! itl?ea[e#a? Mave
B ro£ s the bac sur 0 Ef'

di scovered that the pressure distribution ace he
waf er €enventipnamarneraltypicallyl enove sippoiximafely tieesatieyamonttraflthatbtisl. ackéss thé S
due to

el{tﬂg f;zont face of the wafer, thereby leaving the bulges on the wafer. Only sufficiently

25  smooth, flat portions of the wafer surface may be effectively used for circuit deposition. Thus,
the depressions limit the useful area of the semiconductor wafer.

Other conventional carriers implement means for applying more than one pressure

region across the back surface of the wafer. Specifically, some conventional carriers provide a

carrier housing with a plurality of concentric internal chambers that may be independently

30 pressurized separated by barriers. By pressurizing the individual chambers in the top plate to

different magnitudes, a different pressure distribution can be established across the back surface

of the wafer.
However, Applicants have discovered that the pressure distribution across the back

surface of the wafer for conventional carriers is not sufficiently controllable. This is due to the
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WO 01/ 74534 28, JAN 2004 PCT/US01/ 09099 | ack of control of the pressure
caused by the barriers on the back surface of the wafer. The barr'ﬁgﬁN%‘ﬁ
| nport aglg dikss@ntrol ling the pressure on the back surfac 3{%

bet ween{iuoln1 e4r nal chanbers. Therefore, the ability to coﬁ%(?lf)fpg(pﬁ]g applied
pr esslack afcromee] pficheeptdsnere randed oy tieamariofs drhtheVildckrsuificd bfrtHeewlafet. hdheby
restricting the ability to conpensate for anticipated 5 renoval grobl ens.

nmp
What D@ITHEE ARHIMROTIANE IR (GopiTPBINE BR tRTEISkTen §n (the bapk surdasei ofnther waler Detyyesn
press REsn e g (! 0, r t he
enti rgﬁ tggéﬁ surl%g%eﬂc]) g&r\ﬁhﬁlgtérbght? it‘(r?\gb 1t1t|1l?)(‘li>la&rll§ra Pﬂg@{f}(})@_&ﬁ%ﬁ%ﬁg&yﬂ%% nﬁ%e@d%ﬁ

| nventsufacel Of THeusafer tis ilimaed, ahereby redtrittig fHeesdlity i venRpembtet for Rihdvipdrdan
apparatus and nethod for controlling the pressure distribution on the back
suP f adempyal yreRlémds t hr ough i ndependently controllable concentric zones and

mvent 1 on. o i hERRHE b APt Tod ool R AFp SRR oPRRlale pledfyeP R0

i nvention, a carrirer is Zing a sur

The cak¢ presuré@fond @ bareiers betlvesli Sdneshiafned thd emi@badk Rhiific! oft ¥ wafer during
concentric 15 ring shaped pl enuns surrounding the central plenum and a

pl uralﬁlﬁﬂ?ﬁéﬁﬁ%ncentri c barriers between nei ghboring plenuns. The pressure
distribution on the back surface of the wafer may thus be controlled by
adjusting the pressure in the plenuns and the pressure exerted on the

barriers. In another enbodi meSummaryaf theknventighscl osed that includes a
caprier housing.that .20 advantageously conprises,a rigid non-corrosjye
(R ST M S e e N S R R
first coRirlling the 3esshRl BEHIRRJNt 6h YBhEk SBFadAbf hoWafep throfif ih@Penddly 2
second major surface with a plurality of concentric ring-shaped plenuns. An

el ast iconinelinble eqrieenign Zopepathariensoyhilemanasizangthewyader. sur f ace t her eby

' t i er. pl . A pl Lit f elastic.rj h dri.b
Core1L00 U oSSR Y TB: R bt L D i B RREi
carri gurfatecofdrafelh Therlantéranélud@a edtiral Rk sABYedDSenBac HIuedR of botbeftrizo! d,

but are preferably separate pieces. The plurality of ring shaped ribs
edf endinggshapednpienmie Bumounsing dn cendradiplenion jandsa pluseliyr of cencskirishbaraarsweb

| unded tric o ri haped .web :
et dmspR S PR TR RGP AR o e AP R TR T AT el
ti ght ahedbagantisiled by adpistihg thd) reséire ih RE PR3hud drdeiei piessufee exd@iRd i fer agm

and ribs placed between the clanping rings and carrier housing. The
carri damrenums may be pressurized by corresponding carrier fluid

con o Bl Bt s ST PLURR b, 0P HIREEORLAEL
ri2bs tadvassgeviustyheonmprixesi i rigibhdmgorgavd piatéried. Ve eardier housiag iis préferaBly
cylindnically shaped with a first major surface being used to couple the carrier to a CMP tool
and a second major surface with a plurality of concentric ring-shaped plenums.

An elastic web diaphragm is placed over the second major surface thereby covering the
carrier plenums. A plurality of elastic ring shaped ribs extends orthogonally from the web
25  diaphragm opposite the ring shaped carner plenums. The web diaphragm and ribs may be
made from a single mold, but are preferably separate pieces. The plurality of ning shaped ribs
extending from the web diaphragm thereby defines a central disk shaped web plenum
surrounded by one or more concentric ring shaped web plenums. The web diaphragm and nbs
may be held in place by clamping rings that are tightened against the carrier housing thereby

30  trapping the web diaphragm and ribs placed between the clamping rings and carrier housing.
The carnier plenums may be pressurized by corresponding carrier fluid communication
paths in fluid communication with each of the carrier plenums. The carrier plenums are used to

control an urging force on the ribs to assist the nbs in sealing against the wafer or to assist in
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back surface of the wafer between neighboring web plenunms. The @'&

may be p d by corresponding web fluid comuni cati on pat in fluid
comuni céféﬁyus‘zi?h the central web plenum and each of the BC'B’FEPW%?%f ring

shaped thyweitriYueidrros.-fortd OnWeDb Ak Q0HIE: &Htfe Wakgd bteﬁwé‘eﬂ'}}e@boﬁﬁ Weg' gl ce on
concentric zones to 5 assist in controlling the distri A pressure on
the back surThcwebplanhmsvadyehe pressrined by comespontiimg vweb Auidnokineshibationtysathis bs

dth | d d h pl
o oc eoan T CimgRitiedcB byl MRcenifol vRh ety B P the IHealion ot nng Bapeds
ot her eaigh ﬁfeh@m&oorﬁe w%blﬁﬂ’é}fu}rﬁ atrg%sl!‘@ft@ Eontﬁl%l{ hl%ﬂggﬁ)trggg}{f rltr% {,QSU d

or have other shapes that inprove the 10 pivo

or $he aéﬂaﬂ lunnlg)F@folhlk&tHedbstrlvaMmef ptesmurevhethe bAclvamﬁwm gfathb Wﬁyr btfhé Quife,d

t hroug rlbtofur r | St seal i he rib to the wafer. Wile
usi ng prll egsbet ﬁ‘épp(?&ﬂi%n’é' t S‘?ﬁe’é"rﬁf |C§HHB¥' g"ﬁg“ﬂétﬁhﬂe@nﬂ’ﬁh plenumedyrieg & ed
met hod, ]Q{ahgﬁh&%{dcggss such as o-rings, bellows or shields may be used to

pr event fluid exchange between nei ghboring web plenuns. 15 The carrier
preferably HHw mbf aaupportedeyaiheiwgd diaplragmnoecteehd whilbehecathid @id HHyfong.

The retain rin rou g,s t he vvaf r during the planarization process to
pr event "PH %{%&Pe\%’a&( tﬂ: potRY e F‘}Pr!ge?i’ehi“f? ether shapes dhatvimpaove the
rehati | t Siy
Theot1 SovRe ?QPS?ﬁ?ﬁ%"???n‘Sﬁﬁﬁ?* %%%‘%i%ﬂf‘@“ cigof Bisingt Me BRREC A Sadily Bt
ret ai niMRY bg ragtetd thpouegigtine i1 td furker assier insealimgthehitpRdhe ecdas Whilk iing ribs

eri pher t.he carrier hou5|n A retaining ring plenumis thus
O ot o K bartift bRVeEh Agieb oI P Blegtims e Eimed arethorh pUion gamier v as
r et ai Niodkings, HE1IEWIRR AN May Bk Aispl 19 gf'év@ﬂt fibtY k2 %@-‘Bé&ﬁé&ﬂg % ngx%ﬁ bbe

pl aced |n either the carrier’ housi ng [or retalni
deswe@ftwwsure onto the retaining ring. The retaining ring prel oads and

es a por |on of th | { shi ad pri.or to the wafer noving over that
r i on O]E) the POFHIF ﬁgﬁ’g\éh" "‘rﬁ%’ %‘lgégélﬂ‘%g BRS cRRnccleddp the eprnemiapusing. Jhe
t hus beetdiniith hﬁg%ﬂh@ﬁﬁ@& thl@aﬁatfkrcéﬁrﬁé &e'}ﬁ%aﬁzﬁﬁoﬁ‘@f&fessst ﬁ@ggentttﬂg wafer fr

pl anari zation process for the wafer. I'n another enbodi a dis aped
vaf er §FEPHIgaraldy b#m&dﬂ'ﬁdaammhemrelatxeemomlfontmgcnaraﬂad betweenahy waibed asi ng

h | d
Lart o TS AU ke, MR EROMBRRLRNE Hhe nATES alidhes 1 Mot g Witk | b
f eet ahﬁh apita f r
e;g| e P Hariaitat® e A er & SRR decdsIa (B eAPRFLE e Mie
di

hr &gﬁﬁlﬁ%. Agratpiningire pﬂ@wmds thag cma;t@;i b@Wemuimmng shapsd atdess)in theeccarriér

f eet tg fe aced .a t the waf.er di,a m
dur | ng ippife 4 the r@uiflectind WhohedEth, PR PRETE nAf AT pobiimicilin s il bt
pl enu rrplaaee nﬁeijthﬁrttbﬂcztrﬁeﬁlﬁmisfn@anw retdﬂnﬁgrmtgﬁd @rRinib Ak G&eSired ﬂsa%sslﬁa& bnto
surfac%\hof the wafer. As a further alternative, the outernpst rib

e retaiming rg. The retaining ring preloads and shapes a portion of the polishing pad prior to

the wafer moving over that portion of the polishing pad. The pressure on the retaining ring may
25  thus be used to enhance, particularly near the wafer’s edge, the planarization process for the
wafer.

In another embodiment, a disk shaped wafer diaphragm is placed adjacent the feet of the
ribs, thereby enclosing the web plenums. The wafer diaphragm is placed over, and is supported
partially by, the ribs. To prevent leakage between the web plenums, the rib feet may be bonded

30  to the wafer diaphragm or they may be made from a single mold. Altematively, the rib feet
may be sealed to the wafer diaphragm using the same methods as described above for sealing
the rib feet to the wafer. A wafer may then be placed against the wafer diaphragm during the
planarization process while the carrier plenums and/or web plenums are adjusted to control the

distribution of force on the back surface of the wafer. As a further alternative, the outermost rib
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2 8 JAN 2004 WO 01/74534 PCT/ US01/ 09099 may be a bell ows nol ded as a
single piece with the wafer diaphragmor nmay be bonded to the wafef 8 JAN 2004

di aphra further alternative, a spring ring my be d inside the
out er rmgybo\%%ﬁﬁl enum agai nst the juncture of. the outer nngejl‘&%%ﬁl’%‘?agthe

waf er rdappbhd@lows ifoldedaPs QEFRIpEEs With thé RAfeMdidphird g bP mHY BeObdHMd &% RN
radially outward and assist in maintaining 5 a taut” wafer “di aphragm The

pr esenvaferdiaphragm. mdy dErfeacitemetiviye springyring mayriopiane inesider thefautermost
repeatj eQnet I i tt.erns. S sem conduct or fer processing steps

| cave PR R 4eeirSh ARk irnESre, of gBe Gera v apd B alirodepbisety ¢ | BF

wi dt h cubrieed 3briyd rihfevilyhoRSulifdly H8RRd riliARESSHWIEd SAERSIALR nifitEiing
substantially the sane fromwafer to wafer. By ‘using a carrier with 10
adj5ustfaﬁluéweéndmhmgm-pr essure zones and adjustabl e barrier pressures

bet ween zo the carrier my optimze a pressure distribytiqgn across the
entire bac E?E%Pfeéﬁ%t o eptinp Wy ehe B*ﬁg}"ﬁr E%?B?léz‘n&i TEPMRG MEHTHACR PRI
sur f acgeoMettid Batt@he" SofreCRiniBbrdRieoR YvabeSRbagindad: {18V pRRARTaNlE ghncén&i&ef

bul ges during the planarization process to produc
subst amlged by thaiwafem Tih okmbss. positicThesidiiandd didight af tec balges fim teasent

I nvention are described in full detail ip the _foll oy ng description, .
cl ai ns?rgﬁeéfs‘_&ﬁﬁé‘mi@é‘? 8&%%&““@“1’ g?e BEYch ?IBt‘V‘Efﬁr 3 “’lailgé %Yawl%é CRRET pYls ent
| noentddgpasumié boRRhRIdRESBle Hhed8RE aag-lfagﬁtémaﬁ@e}{qfﬁ%mce el ded FolEs %ﬂ@gﬂgad

drawi ng figures, wherein |ike numer enot e el enent’s, and: 2 I gure
1 i s ameyoptimszct presswe distritfutimnsicrgskitid entdire dack eurfirawifitbe adifers t Bl pressure

"o Db Eufion an BF 1k SRaL B R T i O3t dRaprep ag barb proenea i ¢
ri bs' dafgepibiifzed dagnk tid pﬁhﬂ&ﬁhﬁeﬁ&%@&b PloBREET: SHHFEOWNE %%d%&aﬁﬂélﬁgﬁﬁj"fér&

ring shaped web pleéenuns; 25 Figure IS a cross section view o
si npl i thiekaressar ri er havi ng adj ustabl e concentric ribs defining adjustable

pressure zones there,.between rein %{Qe. zones are.encl osed fer

G Bohr agm _Eher By Singr s AT Bi pitetr] pF SR & 5L0pFESH Rl et o e o
t he ba@nowggég@ri? or2 chiehe hnd a}%&nﬁg(gggraq,i@si_s a cross section viewof arib
with a square foot; Fi gure 6 i's a cross section viewof arib with a round

foot; Figure 7 is a cross section viewof a rib with an "el ephant” or
sel f-sealing foot; Figure %gigmsg;iﬁggngfmégpa‘w!@y of aribwth a
self-sealing foot wth a vacuum assli 04

The present invention will hereinafter be described in conjunction with the appended
drawing figures, wherein like numerals denote like elements, and:

20 Figure 1 is a cross section view of a simplified carrier having adjustable concentric ribs
defining adjustable pressure zones there between; '

Figure 2 is a bottom view of a web diaphragm with orthogonally attached concentric
ribs defining a central disk shaped web plenum surrounded by concentric ring shaped web
plenums;

25 Figure 3 is a cross section view of a simplified carrier having adjustable concentric ribs
defining adjustable pressure zones there between wherein the zones are enclosed by a wafer
diaphragm,;

Figure 4 is a graph relating pressure to corresponding zones on the back surface of a
wafer;

30 Figure 5 is a cross section view of a rib with a square foot;

Figure 6 is a cross section view of a rib with a round foot;

Figure 7 is a cross section view of a rib with an “elephant” or self-sealing foot;

Figure 8 is a cross section view of a rib with a self-sealing foot with a vacuum assist
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WO 01174534 PCT/ US01/ 09099 System Figure 9 is a cross section vi E‘g OfAN 2004
anot her enbodi nent of the invention; Figure 10 is a Dow chart of ﬂJ
exenpl ar s to practice the invention; Figure | | is a nore detailed
dr aw ng ‘é?%&'g%g?rl er simlar to the carrier in Fig. 1, an§CTAYYP¥SY?2 is a
Cross fdhi:on view of a carrier having adjustable concentric ribs defining
adj ust abl e pressure zones wherein the zones are enclosed by a wafer

di aphr agm ahiguteHeis aoubssrseotidn viel dfsnothef epbodithens ofitheéhvanen; Det ai | ed

Descri pti on_of mplary Enbodi ments The preferred, enbodi mnent of the
present i n\%%fegﬁ)e & @%yﬁli‘?r? ﬂ‘gar'b‘??‘éﬁlﬂmﬂg‘i?é? iq @F‘“F‘E?rn;ge 1RyeptigWar i zi ng a
wafer in a o PO¥s-a i&te ; 1913 e yar.i ekry of
VP ool 5, e e e T B (A TR D
corfmer ci al | figazeal2 wid erosdhsecGpr eitvant b RECTidndadimgardjiestabde condehaitdfisy defining
Arizona,. t ool s that be ysed to ractice the present invention are

wel | KHUYSTa5le RreRsice, zongs Wherein fis zenesqpiecenalesed; by dewafer digphrage and the

obscurd'nﬁgmg&@rigqgwﬁggfcdtajg%&yg@gnt invention. 15 A wafer carrier in a CW
fer an '

tool nust retain the wafer assist in the distribution of a pressing

force on the back of the wafer while the flont of the wafer is planarized

against an _abrasi Ve SuLhagfes G AP ARLUE bR FSEadiligel | v compri ses a
pol i shing pad wetted spended abrasive
particles. Thepmfata) émbbdimentsst thy ppesdnfittlentdnl '35 A1 Bnprogéd WaleRaAERTbr ON
the particular process and wor kpi ece being used. Conventional 20 CWVP

pdili s HplARRTARE; a Aydergin i ¢ Mistog} el heepresest imvensipn imay be/usadawith apyarirbtef CMR |
f ' i cati fereing to Fiud. )..and
o U8, ok BRI RCER EH Ly B0 AIBREESor R LRI o b

di scusisye Gpeadfiei-BEC htbdquaserddein Chandlas Arizdmal d P itoolksi hal nd! bé @Eed to
housi ng 154 providing a .rigid sug;rstnucture. The_carrier housing 154 may
conpr i F&Ctiqeohe Presspt Bvention e kel knewn 1p gheyans @ndgviilnot her dis@issetbinsisig! 164
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Most conventi.onal tQol s _have_a vabl e shaft used for, transporting the
car i SHEISEE SiTHe farths bidoo! BROVABY ONE Jf‘?ntt(%d}“é ey 1splpragaeed (Rgaingt 9 or
156 t n ; ' | s sigion
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bot t oneheajicallys antivecduroy withesuspendedrabinasived partitked. HHe preféroedapolishing pad and
concengric ri shaped recesses .(hereinafter, called catrier plenuns
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path 141-144 is i'n fluid conmunication with each carrier plenum 131-134.
The caPelasard foritypical applications.

Referring to Fig. 1 and Fig. 11, an exemplary embodiment of the present invention will

be discussed in detail. The carrier 156 has a rigid cylindrical carrier housing 154 providing a
rigid superstructure. The carrier housing 154 may comprise, for example, stainless steal to give
25  the carrier housing 154 the necessary rigidity and resistance to corrosion needed in a CMP
environment. The top major surface of the cylindrical carrier housing 154 may be adapted to be
connected to almost any conventional CMP tool. Most conventional CMP tools have a
movable shaft used for transporting the carrier 156 and wafer 150. The movable shaft typically
allows the carrier 156 to move between a wafer loading and/or unloading station and a position

30  in proximity and paralle! to an abrasive surface in a CMP tool.
The bottom major surface of the carrier housing 154 has a plurality of concentric ring
shaped recesses (hereinafter called carrier plenums) 131-134. For maximum control of the

pressure distribution on the back surface of a wafer, at least one carrier fluid communication
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comuni cation paths 141-144 are routed through the carrier housing 154 to
an apparatus for delivering an independently pressurized fluid to each
carrier plenum 131-134, the purpose for which will be explained qFﬁg 2@$A
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pl enums 1 A us to con the width of the pl e
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121-124 is in 1l comuni
25  number of independently controllable pressure zones that may be created. Using Fig. 2 as an

example (which is a bottom view of the web 155 in Fig. 1 and Fig. 11), four concentric ribs
101-104 are used to create a central disk shaped web plenum 111 surrounded by three
concentric ring shaped web plenums 112-114. The central disk shaped web plenum 111 is
defined by the inner diameter of the innermost rib 101, while the surrounding web plenums
30 112-114 are defined by the outer diameter and inner diameter of the ribs 101-104. The spacing
between the nibs 101-104 (and carrier plenums 131-134) may be adjusted to control the width
of the web plenums 111-114. The position of the ribs 101-104 (in combination with the carrier
plenums 131-134) may be adjusted to alter the position of the web plenums 111-114. For

optimum control of the pressure distribution on the back surface of the wafer, at least one



wi th each web plenum 111-114. The web fluid comuni cation paths 121-124 nFy
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mat er i 8haft, comprandy deundiia CMEoteplsgconteeted t the carien 466.0 Theifhiid commomixation
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s e(ir;f c oﬁ%ﬁgg% %gé gF‘ g&f)t?‘ie tﬁﬁ‘%@‘fi (r%g’lr%o}v s?‘8ﬂJ‘?(ﬁ’dp‘?f"?‘:r O%etﬁ r{ﬂ‘”g FEPefYs Rlenms, 7
psi, Offhe paesent inoBrtoriGiEY be Practited ubiag USedieriCar tb@pfesdds, Mﬁik’olagqg%ﬂlm,
control |l able pressure zones have zones with a snmaller average w dth,

t her ebull samguRIRatiepaths rotaryguensand dwHopothads thas erepwel knewn i e@rtbut | on

on the backsi r Iﬁlgyvz 8 qlqg_i i | .zones increase the
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of t helt2wli4 eraylixSindiNiduailyqiressniredcerprodiceldplusdlity REcehentrid e Etan Breghie num
111-114 _necessary for a given wafer surface

f web
822@3 F&es\ﬁﬁdﬁ *’%ﬁ%ﬁ? ot waker 130, ABs tvehmjenynsy5ldq1 14mey be aede smalier, jand

hoop s LN heGt ] : i - .
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8 28 JAgI&r{aESOM \\D 0%7.4534. PCT/,USQ1/ 09099 external or internal structural
t hr ead P22 $mPTESIng flig 1peqruing gvafers 1q ggmbination pith, the other prafess parameters of

the CMP tool. For STI or copper deposition semiconductor wafers, pressures from 1 to 10 psi,
25  and preferably 3 to 7 psi, on conventional CMP tools may be used.

Carriers 156 with additional controllable pressure zones have zones with a smaller
average width, thereby giving the carrier 156 finer control of the pressure distribution on the
backside of the wafer 150. However, additional zones increase the cost of manufacturing, the
cost of additional plumbing and the complexity of the carrier 156. The preferred carrier 156

30 therefore uses the minimum number of web plenums 111-114 necessary for a given wafer
surface geometry.

Additional structural support may be used to increase the ribs’ hoop strength and
minimize the deflection of the ribs 101-104. Additional structural support for the ribs 101-104
may be added with external or internal hoops being attached on the side of the ribs 101-104,

8



ri bs 101-104 having a higher nodulus of elasticity. An individually
controll able pressing force may be placed on the head of each rib D8 -JANRDL-
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1 b i Sigu0o¥g R8s hitehRly 3l aifli aphragm | 00b to be sealed to surface 60
1. The roundged foot 10 1 g I's harder to manufacture than the square foot,

has mi ni mal Theombafeet anaa bei ¢rthantel soirfrecet GRdsstimzdie flarh ifieth depiims thetvoeen has
excel | ent . gi.nbal Li charac Isiics. 25 Referring tg Fig. 7, a CILOSS

sect i or}?_l%]fbgﬁﬁg'“é@l_lbé%%?ﬂ\?s' {ﬁéi)f‘{ 1@&%&?3@35‘1%%“136%‘1@89 ggfegtdmgr wH theifeehpgabg m
1Q8c phé Pressreb@aiehiSea aftohgh B HBCROL P04 48 FRC Yaf@lisoThEd b tthE GRkt

101c is  the nost difficult to manufacture and has poor ginbalfing
char acigtmbalt iopdhe wafer 3f@vi des a large contact area with the surface 701 to

b | ed inst .. | diti in the pei ghbori b, pl
202" and 703 Etel s o ey PR seegR iAot fonE P RBowaoPendiey o ol 1y
30 il |digghragRd100h P60 bARR2 séblél AY Q3rfade 3981 Strht NQuare! AIRPAMIa {500dsy LB1C

in sealing against surface 701. Referring to Fig. 8, a cross sectionh of an
" el eplBgruiagtasiandpravides & medivne sian conteet aren withwehsutfagp 30 hgorbe ocrdedhagasmstt o

o0 eFkE B BrlLAEFRIRS, | 5. 10, o, 1087, confiauation e
rib foot 9 Ref@rih@NoZ0046,\0Rr04y s€466 oPLTdIA0d FERADID islébbviSitinefigd d@aivait 2
surface 801. Wiile the vacuumline 802 is shown in conbination with
chaphragm 100b to be sealed to surface 601. The rounded foot 101b is harder to manufacture
than the square foot, has minimal contact area with the surface 601 to be sealed against, but has
excellent gimballing characteristics. |
25 Referring to Fig. 7, a cross section of an “elephant” foot 101c is shown connected to a
web diaphragm 100c prior to being sealed to surface to surface 701. The elephant foot 101¢ 1s
the most difficult to manufacture and has poor gimballing characteristics, but provides a large
contact area with the surface 701 to be sealed against. In addition, pressure in the neighboring
web plenums 702 and 703 may be used to press on the “elephant” foot 10lc as graphically
30  illustrated by arrows A702 and A703 to assist the “elephant” foot 101lc in sealing against
surface 701.
Referring to Fig. 8, a cross section of an “elephant” foot 101d is shown connected to a

web diaphragm 100d prior to being sealed to a surface 801. For this rib foot 101d

configuration, a vacuum line 802 is passed through to the rib foot 101d to assist in the rib foot
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the "el ephant” foot design, it may also be used with other rib foot Fgeﬂ(hgmm
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be discussed. The illustrated carrier 305 has a

present invention wll L )
siqh | aliCEeRee rdeﬁdﬂﬁﬁﬂ'l@S@fmwﬁtit@P%P@ﬁWr@f thawates450carrier fluid

conmuni cat i 1o 144, 1)9?0% | 0 I.b - g e
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The ri irgciheds, WithotR¥nBRirasH! @fng the carrier housing 154. Because the retaining ring 151

25  rubs against the abrasive polishing pad, it preferably comprises a wear resistant material such as

a ceramic. However, the inner diameter of the retaining ring 151 makes repeated contact with

the wafer 150 and may undesirably chip the wafer 150. To prevent the wafer 150 from being

chipped, a material softer than the wafer, such as delrin, may be used to create a barrier 152
between the wafer 150 and the retaining ring 151.

30 With reference to Fig. 3, another embodiment of the present invention will be discussed.

The 1llustrated carrier 305 has a similar carrier housing 154, camrier plenums 131-134, carrier

fluid communication paths 141-144, web diaphragm 100, ribs 101-104, rib plenums 111-114,

web fluid communication paths 121-124 and floating retaining ring 151 as previously

discussed. However, a wafer diaphragm 300 is positioned between the wafer 150 and the ribs
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di aphrxaghe Bfi6r eqnbedammtmgwaevdnaﬂﬂesmchmmﬁt fith@0akewn b Fid. Boinrbglecd withased

to a fl § h t hat ht 25 dry or adherethe slurry ontq the
back b 3tE." Adenhfliaws acd SuRPY, DRSS 2 PEET op c%ﬂ‘i‘erlé‘él ?ro CRAET wHPIS
158, Iaomramﬁasm&n%am digyf Kl?édlht?}fo%{ SO, )h%@#@uy %@’ﬁ. ‘ ig C?E%%g‘ @;’a; es

that may be harnful to t 150. carrier
11, t heenstmgtionrof3Geamer120. 3 and t he carrl er 1200 in Fig. 12 may be used

to pick-up f 0 b reating.one oy no ones t he ba 30
surface of l?ﬁm%v\g i" 30%‘ ﬁ? &H?ﬂi f‘r‘éf? %8 ”(‘f%g’élb‘aé@iﬁ%g%r?g)%ﬁr (ig'f
the welabhed @ t6e fﬁﬂ%lcﬁﬁeﬁ%‘_ ssﬁidgsové%leﬁ&ﬂ 909NTWEY, Eﬁhhﬂ@(ﬁ MG B rprésgu&ib% of
the web plenuns 111-1 he vacuum for carrier in Fig.”1 and Fig. 11

i s coruwee fhed cgnxmttaylonmathw@%acn manntaemulaoftomow embo8dnenthalreadyuum
f 305 | e 200 in Fi

wlDer SRt onis BptoRishért had iR ackoipoSE et of Aaritn s dpackiras Pt 90 e,
bet weegithehgssaingin i;ick?ngBu ﬂd\d wared1sh wih ra&&ﬂhlﬁQQx @é}ﬂowhhg tl‘i@fvﬁfcr 315@ frofehe
carrier 156 in Fig H 11, the carrier 305 in Fig and t he
carri eamerowth a I‘apld dlscharge of fluids at point 905a.

The carriers in Fig. 3 and Fig. 12 have the advantape of the wafer diaphragm 300

preventing the backside of the wafer 150 from being exposed to a fluid, such as air, that might

25  dry or adhere the slurry onto the back surface of the wafer. Once slurry has dried or adhered to

the wafer 150, it is extremely difficult to remove, thereby introducing contaminates that may be
harmful to the wafer 150.

The carrier 156 in Fig. 1 and Fig. 11, the carrier 305 in Fig. 3 and the carrer 1200 in

Fig. 12 may be used to pick-up a wafer 150 by creating one or more vacuum zones on the back

30  surface of the wafer 150. A vacuum zone may be created by one or more of the web fluid

communication paths 121-124 communicating a vacoum to one of the web plenums 111-114.

The vacuum for carrier 156 in Fig. 1 and Fig. 11 is communicated directly to the back surface

of the wafer 150. The vacuum for the carrier 305 in Fig. 3 or the carrier 1200 in Fig. 12 lifts the

wafer diaphragm 300 from the backside of the wafer 150 creating a vacuum between the wafer
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Fig. 12 may be used to discharge a wafer 150 fromthe carrier. A rapid
di scharge of fluids through one or nore of the web fluid comuni mlw
paths for the carrier 156 in Fig.. | and Fig. 5 11 will directly i t! Z‘Wé

waf er 15&]85].99%,@39%;@&8%@“5]050 out of the carrier 156. A wafer 150 in

carrier 3 or carriér 1200 in Fig. 12 may be renoved fromthe

carrier by pTlEs&merzlS@ui Weild [ £ U Bhd cd 31’30151141
waf er dlelgg ngm 300 to ext?%d out vl\grds th%rnelby dislo g?%aﬂ‘tthé ,S?zdoh
a

fromth may tpusedply diseargeas yafar dd@sfsomhdhe vairiey 14 eappd dmeharge Im\fehhidson

[ f ce to Fi 4and F 10...The first
Step 1o TREghloREUEREH: bl veb i EL GRER Gl ind 560 Wl 2nd Fig,

concént rhlcwﬂhﬂ@mlyompnacmmwwewﬁfoe{nﬂ H&% QRe wﬁg)lsomk of ﬂ?%ycapx‘?erdﬁ'ﬁe x@évafer
revi ewi | hcom, g wafers prior to planarization wth various

met r ol ogy’% Rt Ssin Figy dhoraearrer 50 Frgnd? almawbmbrmyveldLﬁerﬁaheman-ieﬁcbgt ed

I n San & | a wit h adj ustabl e cancentric ssure
zones tﬁgt 3%%%&%%%5&38 nﬂe:s gﬁr’f%ﬁ &h“fsWQESWFH ?‘?trffﬁal?h% p39§

may be anveartsdeeshyldisiodging tirdvdfer 1 305forh HeRmA®by. The carrier shoul d
have adj ustagggn [BRr essure zones that correspond to the ridges and adjustable

pressure zon SNPIapyF PEasssh dort usiegdhe peasgitsinyentive will inbge deodistussedwaitar .

A waper 0 el.ecte rri.er and t arrier and
waf er nﬁ%ﬁents:g%tlgﬁ tAi Qﬁ@%\?\%ffﬁ Fépgi S?taﬁt?pefs {j gﬁjﬂﬁ“%ﬂé{’c@ﬁf{‘g‘?fﬂi tigp, heigit
t ouchi nghdan valtiaef vencentricabslgsion ilksonding @3 (s@Pi MPOPaCryis 80Q8ke vyhe
waf er %‘Ht hen be pressed against the abrasive surface by pressurizing Fhe

i ndepend FV&PgdBﬁ?fP’(S‘BI wefers, aes e Plangrigationywish yaseusrs)owry betrotegy sinsteuentg ach
Lo s OMPSWRS A5 PN T oo

t hrough the zone's correspon |ng we

an opti mum pléarsarriez awitloradjystabbe sendentrict pressie 2066 ﬂﬁa@r&h&?cﬁgj Iohﬂf[e wafRE
i stribution on

t 1 25 Fi t bl
{ e Bao koS 2L e ingormine, WS Hrax becaip @eeoshe alecu hise ds6nri0gnAThg
zones 2cérrierd RBowl@Have! adfiddld predEiRe PloBEY Mak dcoixjf%dd?jd FioOthe 31)1%59.'3 anlar %ﬁﬁﬂgﬁﬁ ed

to 4 psi, zones 2 and 3 (web plenuns 112 respectiv
are pr BESEHIE Z@’éﬁst‘bﬂtE‘yOﬁQwOaddD ﬂ?@nmught(bﬂweq.ﬂ ndg:moﬁll:ﬂe wafeFi g. 3) I 'S

pressuri zed t,0 h| n.o r on the back surface of

a waf er ewgfseggia? or V\g. ‘ft\'ﬁ“t%tg S‘%ﬁ‘?tﬁé B%T’Efea’@(r)‘%E\FGﬁ‘ﬁHa‘%@a&émodﬁ%F?

and a sﬂ'ﬂilt hhedﬁrpfee%pﬂlllﬂ&aranﬂhﬂja@&m(ﬁéarc& dhsﬁ%l‘!@ﬁ@) anTJE?asY@er étﬁ‘fac@@uéﬂc  2s a
press er on zones wth bul ges and

ur l.lows the carrier to

sof (g Bﬂhsjl’ﬂ?ﬁ'ega‘\‘/\n(fﬁﬁ’ 1990ughie O‘faf@ép?)eéhﬁnobg pcbawdn@atmetlm abraswzahrfm by

rocessp g;gJﬂ:, t] Lform thi ckness
Rddl ti ongeIngz?%nes € i ‘Iﬁ@fgferng ﬁé@r@}cﬁ% %éesgl% %es n@e%"frﬁgs Wrﬁsé“{fs’&fa‘flb
gi ve finee m@mtbeoindqwldemtne contediled thyt adjosting meqﬁsssm ominbgickrRa khfough age of
t he vvaf énl ncr ase ZA@% JAN 2004 WO 01/74534 PCT/ US01/ 09099 t he
conpl exi é Y aLré F‘rs&’ﬁﬂ e+ Vir SepopniGagian path ite provage an ceptimymsplararizeten
cer t ai NppesdsTongie shiFiceiRbRleth 0P ARP S RY (SEFPG3)eave predictable

25 . Fig. 4 illustrates one possible pressure distribution on the back surface of a wafer with a
central zone 1 and three surrounding zones 2-4. The central zone 1 (web plenum 111} in Fig. 3}
is pressurized to 4 psi, zones 2 and 3 (web plenums 112 and 113 respectively in Fig. 3) are
pressurized to 5 psi and zone 4 (web plenum 114 in Fig. 3) is pressurized to 6 psi. This
distribution of pressure on the back surface of a wafer may be used for wafers with a thin bulge

30  around the periphery and a small depression near the ccnter‘of the wafer. The variation of
pressures allows the carrier to press harder on zones with bulges and softer on zones with
troughs or depressions during the planarization process to produce a wafer with a substantially
uniform thickness. Additional zones, smaller zones or zones of varying sizes may be used to

give finer control over the distribution of pressure on the back surface of the wafer, but increase
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concentric bulges on the wafer. The bul ges fromthese processing steps are
substantially the same fromwafer to wafer in that the wafers typigcaiN 304
have thgg@ﬁlgassurface geonetry. For 5 exanple, applicant has noticed

current 3Heposi tion processes typically have a narrBGI/US08%ear t he
per i PREE YorApexi %&ﬁfan@l‘dk&%ué%p&ﬂﬁtﬁ%@é}ﬁeﬁf.a smal | di sk near the center of
the wafer.” Additionally, applicant has noticed current STl processes
typical |y hsppicanhatendiidedecertagasernioanquerdrpivafey paotdssingtRes |k qaedibtable
shape of a srTEII di sg near th’f cgnfggr of the wafer. A single carrier

desi grfORFEHG BUlees SRdht Yaltfualhe Biiges from these Procsssieg sipFprs, substantially the 3,

may beah : . ¢ LI f in
TP s o AR R R b ek PREEF e RS R eR SPmel CEY,
bulbgesxemple, @pplieant dep osticéd numerftesoppery dbposttich ploicedies tRIEIFURSe £ ngroR
psi, Ll e the zoneg 2 an BLF‘hakt?H correspond tq the trough may have a

| over JW&SSsEF the perphery ang anqthgrobylge in thenshape of 3 smedl disk Rear the certepehthet o
bul ge a ] : : | Sj L le;zone
2" e RS ionf, Soplift rap HBileq bibéi S1TaSHses Solally pROL» A 56k

Thi s steruthe gyriphdrpund emstherdbulgein theshape dfa shealldisdné ti @nricFeheRERE.SA
di fferent sses. _The carrier preferably also has carrier

after t OC [ Y @ .

pl enur?énvgt??'la‘l‘mﬁﬁf)e%%" p’l‘?gifg}’ﬁ{%glhib’ PIUe 20R6Sz @y iIBiptrated ih Fag dnendhBige 4 magrbe
fl1gi d foamThY [ t S LAEST ' g erts f-ar ce
aggi nsa?Qt he ﬁgg l%fgd gcgézﬁﬁ l% Fﬁﬁtﬁag?ﬁ s t r%nsmf?é%¥fﬁrt§§§%ﬂ&°§%rﬁ% at%egls’si st
i N pr exeinply, zheest band Z0that cotrespond tadmigestor heopparkdeposition evadér inag hant ar

(or f.er diaphragmif one js . used). _This pressing ftorce assists the feet
of  t heiBheEPTes “fﬁa%gné Pal:d%‘iﬁ theAongs 2randnd; thas cprrespond de thyy tropgh mayrhave aThe
pr essypfes & KiR{ PIERA b ' | r
(abouto ! Rebstfe, G SRl DACRNESATR 119 ahBAUnF ¥ Reorcat bileeOlh f TSRS
assi stminhpreea bighenpresamé,age. 6 Ipsi, widle zone ghihat torgespohdsploentidBgh #iaghal@Q4) .
Al éer qativelg/,u the pressyre in ea E})carri er .25 pl enum may K be set  between
LE prlBYELRESSRE 1 Rt Htior FHESEP Y S SRTIERA B0 be st bplaBsrize waters
distr iafftéi-h@d\di@ferél{t?ﬁ&ﬂéés%s.on the back surface of the wafer. Relative notion
i s necessary between the wafer and the abrasive surface to renove nateri al
from the frostcamerepreferatiig alsathas catvier bsnupisathar inzy bg itdieidizaliv prédsaaizedfbyt he
waf er._  Th brasi v urface and/ aor carrie f the present invention may be
Fot at SeGR HesS4ntEr B £635R5KaRbn 3B, “Fadarestiniaf conirop CGUB FaERT &

pat t erfofee aghinbiethe GeadBiVeadh AT YraAEmiTRMAHrdulh B rib & Bl ﬁpfn‘e@ﬂn% iRt feet
renoves, material fromthe front face of the wafer. In addition, the

aBPasiafdbe gir pgrinst the baek surfagecef theywhter oy iwader dikphragm if oneaisusedheThisr i or

to, f ..th f. tacts ft. '
(st ep PEDLE forest Srish b BC R e ket P B TR Wil Bl St ke
carri evafeot'Bid prgssansintthe cioier slRhigs By ¥ Bhdd Shal & TRy BfealdaiRh i Sf3 Ng

pad 13_2 B JAN 2004 WO 01/74534 PCT/US01/09099 notion nmay be ranped up to
t hei r -ddi)y B@nsthe Rresssranin tthe asighboring tweh pengmsstoupssishrint preveniuig leskageace

of the, Walear nagﬁﬂtgil{ga'wpgq)]éﬁrﬁst fst&)eslbbt?)q lAqM:%lxzitively, the pressure in each carrier

25  plenum may be set between the pressure in its neighboring web plenums to create a smoother

distribution of pressure on the back surface of the wafer.

Relative motion is necessary between the wafer and the abrasive surface to remove
material from the front face of the wafer thereby planarizing the front face of the wafer. The
abrasive surface and/or carmrier of the present invention may be rotated, orbited, linearly

30  oscillated, moved in particular geometric patterns, dithered, moved randomly or moved in any
other motion that removes material from the front face of the wafer. In addition, the abrasive
surface and/or carrier may be moving relative to each other prior to, or after, the front face of
the wafer contacts the abrasive surface (step 1005). However, the preferred relative motion is

generated by the carrer rotating and the polishing pad orbiting. The carrier and polishing pad
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Al t hough the foregoing description sets forth preferred exenplary

enbodi nents and nethods of operation of the invention, the scope of hﬁqﬂm4
i nvention 33 not limted to these specific 5 enbodi ments or descri J

met hods SYO8K&S3ti on. Many details have been discl osed t haPCEUSOYH99

G sct onidpndt BE WA 51 BKENEHPR el SRNRRPEIRy in sSrersios e bt ¥

usi ng Bhﬁ”aédﬂnfemmﬁ:rbhb@irbhﬁyaa't@iﬂs déva¥d herade to-the specific for-in and
design of the invention w thout departing fromits spirit and scope as

expressed i filthoughghe daresging desexptian setp Torth Axefened exemplesy \Mntgidments 3nd. A

i iz f f : i sing:.. 10 al
Corr SRR SRR St B SRR AL Bt
sur § ouwdibodinidits oic@RtHBEd MleRUEHT GRtFaton. mah)u?abﬂg MavfbeeR ARk thaPafelrldt S

with one barrier placed between every gair_o nei ghboring pl enuns, wherein
at | ea8ECESHEY 3P RIARiGsatheiiBrention, bpt baveubesnauiclided kb sufficientl disclose tHeobest

pl anar i,z1 Ce 0 fer conpri.sing: a), a.pressure adju e..
Cent r ar s ool i Shafne!Br8 praRat o ey S St B anfi], Blodciton
concentidychd made stRePedIFETHIB ad® desigs OF I iRGeritioR WRNG: WepRiaR YFim ﬁgg F a
plurality of pressure adjustable concentric barriers, wherein one a?rler
i s pl a@BYSEPE RS snpIessedyn the followingstlaimisor i ng pl enums; 3. A carrier for

pl anari zing a surface of a wafer conprising: a carrier housing; 20 a web
di aphragm having a first and a second maj or surface supported by the
carrier housing; a plurality of ring shaped ribs each having a head and a
foot, wherein the head of each rib is connected orthogonally to the first
maj or surface of the web diaphragm thereby defining a plurality of
concentric web plenuns; 25 a plurality of individually controllable web
fluid conmuni cation paths, each in fluid conmunication with one of the
corresponding plurality of web plenuns; a plurality of recesses adjacent
the second major surface of the web di aphragm each of the plurality of
recesses opposite one of the plurality of ring shaped ribs thereby
defining a plurality of ring shaped carrier plenuns; and
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30 a plurality of individually controlled carrier fluid comunication paths
«in fluid conmunication with the corresponding plurality of carriezﬁpMﬁﬂmHB
for controlling the pressure in the plurality of carrier plenuns exerted
on the plurality of spaced apart ring_,shaped ribs. 4. A carrier as in
claim 3 wherein the web di aphragm and 188% yrality of ring 35 shaped ribs
are both made froma single piece of elastic material. 5. A carrier as in
cl ai m 3 Wacla#8; conprising: 15 28 JAN 2004 a) a plurality of clanping rings
for connecting the web diaphragmor ribs to the carrier housing. 6. A

carrider as inl.cl aiAca&rieh&relaatihiagwsbrfdé gty wafer comprisiges a separate

I ndependent ring shaped di aphra ssqciated with each rib. 57. 8. sealing.
9. 10 10. A carrier as ¥n c|%?%3$%§mﬁakenwéast one of the rib feet is
rounded. A carrier as iyy claj Busal edhcat -Lq{;‘%t g%g;l 4 Eﬁﬁglfﬁ s
adapted to be self A caﬂpri er g]s a%pga‘? mc8 t?urt e?}p‘@o r?s}flﬁgsg: a naﬁfglt)
vacuum | i ne rout eccentialqeruny anidb f or communicating a vacuumnear the rib
foot. Acarrier as in claim3 furI. hef con%r.i I ng. a.%‘etai ning ri nﬁ recess
in the carrier housi ng;c)a reﬁ%]luﬁ Ot PG PR &t tp_dacte detween
periyphery of the cRefri ghir SfURdiPkborimBdpleAVRS,| WHeree af @dadf BhE BT iHeIb4rAeRSTE t O
forma retaining ring plenum and 15 a retaining ring coupled to the

retai ning ring di dpessagradjustable. A carrier as in claim10 further conpri sing:
a) a retaini rin | nicat| h in fluid.conmunication wth
the retaini ng‘gri ngfgﬁ%@ré\t%r%oarn c%lngr%g}l&#?%’a}ltah a%’ﬁ%oﬂl?ﬂsén%n the retaining
ring. 12. A carrier as)in o pressudadjdiletantrandisi figiped bigingr of the
retaining ring is coated 20 with a resilient material. 13. A carrier for
pl anarizing a surface dP a \lPEsSUELRRStahiagluraldy of congenfriq ripg skAped plaspms

web ;di aphragm haVisﬂHoﬂnJiﬁéﬁkc@HQal%l&%ﬁﬂ%ﬂd maj or surface

c) a plurality of pressure adjustable concentric barriers, wherein one

barrier is placed between every pair of neighboring plenums;
3. A carrier for planarizing a surface of a wafer comprising:

a carrier housing;

20 a web diaphragm having a first and a second major surface supported by the
carrier housing;

a plurality of ring shaped ribs each having a head and a foot, wherein the head of
each rib is connected orthogonally to the first major surface of the web diaphragm
thereby defining a plurality of concentric web plenums;

25 a plurality of individually controllable web fluid communication paths, each in
fluid communication with one of the corresponding plurality of web plenums;

a plurality of recesses adjacent the second major surface of the web diaphragm,
each of the plurality of recesses opposite one of the plurality of ring shaped ribs thereby
defining a plurality of ring shaped carrier plenums; and

30 a plurality of individually controlled carrier fluid communication paths in fluid
communication with the corresponding plurality of carrier plenums for controlling the
pressure in the plurality of carrier plenums exerted on the plurality of spaced apart ring
shaped ribs.

4, A carrier as in claim 3 wherein the web diaphragm and the plurality of ring

35  shaped ribs are both made from a single piece of elastic material.

5. A carrier as in claim 3 further comprising:
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supported by the carrier housing; 25 c) a plurality of ring shaped :123@5
.each having a head and a foot, wherein the head of each rib is con tJéH 2004
to the first major surface of the web diaphragmthereby defining a
plurality of concentric web pl enuns; d) a bellows having a head and a foot,
wherein the bellows su®rourdiRlurahisy efglampingirings forneanedtingieaidely fliaphegm or
bel I ows i s connect@d i ond -eﬁguﬁﬂgrier housi ng; e) a wafer diaphragm

connected to the bellows foot and ddjacent the plurality of rib feet; and

f) a pluralité of AnsinérdaslihyclaionGr ehbRid ehevakebl HidpHrag@mosinpsss| fsepirafens
in fluid &omw&mi c.ati&n \gith a corresponding plurality of web plenuns. 35
14. A cdP99Pepdent ring shapef diaphragnpasspiiated withesarlyiib: and t he waf er di aphr agm
are oth 16 2.8 JANAORM MRk Pihered Au HeSiGnObn UFRLpddi o1 8l 15
A carrier as in claim13 further conprising: és) ap ur(f’llty 3 ¢l anmpi ng
rings for corfhect iAgatriee anibcldinapwhegein aghedstrortesoftthe ribefegtak hilgite B B 5

16. A casgarlﬁner as in claim13 wherein the wafer diaphragmis bonded to the
plurality Gf rib feet. 17. A carrier as in claim13 wherein the web

di aphragm and,t he pkatfiet id v ®im gpﬁﬂgglrggnilﬁisgdé_os are both made froma single
pi ece of elastic material. 18. A carrier ‘as I'n claim13 wherein the carrier

housing has a pluralityof retbsewsyumllinadpaedribroupk = eibofid coajnunisatidgnae

of tijpe web di aphr nd._opposi t.e .the plurality of concentric ribs thereby
def ilpi ng a plural %@@@gg%%ﬂ@eeﬂb&qo& ring shaped carrier plenuns. 19. A

carrier as inocl aima&ﬁexfwihbmﬁm@omhéﬂo&%smgﬁa plurality of individually
controllable carrier fluid communication paths in fluid comunication with

a correspondi ng pREPAININGTiRg recess ir therdawter hbesingrs. 20 25 20. A carrier as in

peri phory of the *Sameh ki Beh B Rl e e b AR R e P GR he
ret ai ni agd covegingitleptetaging riap decewdwer foim atrét@inGa ingFleM@HSinag has a retai ning
ring.recess apposjite the retaining ring diaphragmthereby defining a
r et gﬁ ning ring rgp@mﬁng coupled to the retaining ring diaphragm.
11. A carrier as in claim 10 further comprising:
a) a retaining ring fluid communication path in fluid communication
with the retaining ring plenum for controlling the pressure on the retaining ring.
12, A carrier as in claim 10, wherein an inner diameter of the retaining ring is coated
20  with aresilient material.
13. A carrier for planarizing a surface of a wafer comprising:
a) a carrier housing;
b) a web diaphragm having a first and a second major surface
supported by the carrier housing;

25 c) a plurality of ring shaped ribs each having a head and a foot,
wherein the head of each rib is connected to the first major surface of the web
diaphragm thereby defining a plurality of concentric web plenums:

d) a bellows having a head and a foot, wherein the bellows
surrounds the outermost rib and the head of the bellows is connected to the

30 carrier housing;

€) a wafer diaphragm connected to the bellows foot and adjacent the
plurality of rib feet; and

f) a plurality of individually controllable web fluid communication
paths in fluid communication with a corresponding plurality of web plenums.

35 14. A carrier as in claim 13 wherein the bellows and the wafer diaphragm are both
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21. A carrier as in claim20 further conprising: a) a retaining fing fluid
.conmuni cation path in fluid conmmunication with the retaining rié@-&l"emﬁj‘m
for controlling the pressure on the retaining ring. 22. A carrier as in
claim?21l, wherein the inner dianmeter of the floating retaining ring is

coat ed Weds Bomasingiepiecsptielastic materiake wafer. 30 35 23. A carrier for
| anari zin sur f : .or I SiNg: a carrier housing with a
p g gssurfaesef aﬁn"@a{lﬁl 13?@@&1’5%23%51@% g9

bottom surface having a centra cess and a plurality of
surroundi ng concentri c adyecessphurality ofi claalping apfs fgmonheatingghe wWdbr dinplangima
second mgj or surfaq%g,_ su&gorted b%ll_the bottom surface of the carrier
housi ng, wherein t3%8 TO8{QHIE CARET BPULREf ace of the web di aphragm covers the

recegses in tjge c SR hrla¥mO& Hoffidd & thE lpRRYITE:
C) a%pl urali tllé of%g%ﬂ%gﬁa%égsﬁggéﬂ%ﬁﬁeg?g? egrgh havi ng at hgad ﬁ 2
8 JAN 2Qd4ibefaet. a f oot, wherein the head of each barrier is connected

ort hogonal | othe first maor. surface .of .the we i aphr a opposi.te the
carri gr pl e%d#s, t“ﬁe‘iaérbi’ asdéﬁ‘lic IWgTé\_‘gIPQE?IHI ﬁthWSIP_(ﬁ?ﬂ%E@%? rar“g%bglslf”gﬁ& :
d) at | eaatenMeribLat boith RRALHIRR sildlé fietOsmaIattic di@mipaths in fluid 5

comuni cation with a correspondi ng web plenum and e) at |east one
control | abl e 1&ar r i Arcafrieniasl irc olaimariBowkérein thecarsier houdingihas & pinrality cdtrecassasi t h

dj i er. pl 4. i i im 23 furth .
om0l o ipen e SaRR Flagk sFRR arth wh ARblyEth R orBeitsthb b iy b ifteentri
25. A CaisitRéreBpddfihig ApRirality bPEdeefitrie 9B shiedGarri? phudB. 8) a spring ring

inserted in the outernpst concentric web plenum adapted to stretch the
waf er di aphr ad@m unh fariet §s inrelaimy Bdfugtheriomgsisingh. 26. A carrier for

pLanar 2109 o s Tace 5. U ShuRERT Lt i, CSSHTao LS4 hy
carrier housing; communication paths in fluid communication with a corresponding plurality of
15 carrier plenums.
20. A carrier as in claim 13 further comprising:

a) a retaining ring diaphragm connected to the periphery of the
carrier housing;

b) a retaining ring connected to the retaining ring diaphragm; and

20 wherein the carrier housing has a retaining ring recess apposite the retaining ring
diaphragm thereby defining a retaining ring plenum.
21. A carrier as in claim 20 further comprising:
a) a retaining ring fluid communication path in fluid
communication with the retaining ring plenum for controlling the pressure on
25 the retaining ring.
22. A carrier as in claim 21, wherein the inner diameter of the floating retaining ring
is coated with a material softer than the wafer.
23. A carrier for planarizing a surface of a wafer comprising:
a) a carrier housing with a bottom surface having a central disk
30 shaped recess and a plurality of surrounding concentric recesses;

b) a web diaphragm, having a first and a second major surface,
supported by the bottom surface of the carrier housing, wherein the second
major surface of the web diaphragm covers the recesses in the cammer thereby
defining a plurality of carrier plenums;

35 c) a plurality of concentric ring shaped barriers, each having a head

17



c) a plurality of ring shaped ribs each having a head and a foot, wherein
the head of each rib is connected to the first najor surface of the \ﬁgb

"di aphragm t hereby defining a plurality of concentric web plenuns; d) JAN 2004
bel |l ows having a head and a foot, wherein the bellows surrounds the
outernost rib and dnfie fBegevhefein the Hegd bPyieh ibarried iV @ihecled Brthdnallytd the first
housi ng; e) a wafer diaphragmconnected to the bellows foot and is adjacent
to the plurality dnaer jsurfecs: of the avep| dirphragy, opposilgi the depariery pleawme.othesbye
web fluid communi caki LA E Ul ni.cation with a correspondi ng
plurality of web pq%gﬁh%ﬁﬁﬁ'tgﬁ%%t?cogc%ngc@ggg]der% ?’ne routed through the

waf er di aphragm and ri k)f or atqeRDYA Eaittodlable WS fuid deRhulib&ionogithon g
rib. 30 27. A carrier as in claim26 wherein the web di aphragm and the
plurd ity of ribs copenurieationiithea ¢oreaspendingiyrleplenemeanst el astic nateri al .
28. Acarrier as in clahm 26, fUrd Ner COMNLSENGA) afiPbihALEiYQ] PSR N9
rings for connecting the web draphragm an Fhe Y s o the "CarrTer
housing. 35 29. A fad tbemuaiatioh itBiaBoféspneingicarridiplen@n.i er housing has a
plurality of recesses 18 2 8 JAN 2004 5 adjacent the second nmjor surface
of the web di%dphr dyRRESHAOPSRIM S fuptberfompaisingy of ribs thereby defining a
plurality of concentricyrin i rler as in
claim?29 further conpr i ng%@%@?@?@ic@%ﬂ%@%ﬁ%@gﬁ? §/8%‘(%lﬁ%'rol | abl e
carriger fl ui @5. comoarienssd iarclgimt Jasfutther dompdisingamuni cati on a correspondi ng
plurality of carrier plenuns. 31. A carrier as in claim26 further
conprising: a) a retai ng r3 FRIING HR&ABGHEE AR (ke cREIMeSt JoBCHETE plegpmy e

carrier housing; Dl r4: N r ki ng ring
di aphragm and 15 %&%@tﬁtﬁeg%%?%rg#%@ﬁ@%ﬁ% ?Iﬁ%}éragailg?%?tirlaéf ring. ring
di aphragm wheéei n A barrieafariptaatizing iasgrfagsofa wafencompriping:ng recess apposite

a) a carrier housing;

15 b) a web diaphragm having a first and a second major surface
supported by the carrier housing;

c) a plurality of ring shaped ribs each having a head and a foot,
wherein the head of each rib is connected to the first major surface of the web
diaphragm thereby defining a plurality of concentric web plenums;

20 d) a bellows having a head and a foot, wherein the bellows
surrounds the outermost rib and the head of the bellows is connected to the
carrier housing;

€) a wafer diaphragm connected to the bellows foot and is adjacent
to the plurality of rib feet;

25 f) a plurality of individually controllable web fluid communication
paths in fluid communication with a corresponding plurality of web plenums;
and

g2) a rib vacuum line routed through the wafer diaphragm and rib for
communication a vacuum near the foot of the rib.

30 27. A carrier as in claim 26 wherein the web diaphragm and the plurality of ribs are

both made from a single piece of elastic material.
28. A carrier as in claim 26 further comprising:

a) a plurality of clamping rings for connecting the web diaphragm
and the ribs to the carrier housing.

35 29. A carrier as in claim 27 wherein the carrier housing has a plurality of recesses
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the retaining thereby defining a retaining ring plenum 32. A carrier as in
clai'm31 further conprising: a) a retaining ring fluid communication aw 0
'in fluid commnication with the retaining ring plenumfor controll |?18 62 4
pressure on the retaining ring. 33. Acarrier as in claim31l, wherein a

nat er i aladjaotttethetdeeond hﬁ]dﬁl&ﬁ‘ueﬂ’ace of fthex e@btdiaphirggnd 4nd Aoppesifeo theoplupdliay af iribisng

a waf er rising th tep | oadi ng an_in¢comng wafer into a
carrier tﬁ%ﬁ Hmbgﬁpgl“i‘liti/' g?‘m"ﬁ’f‘%é’lﬂgé %ﬁ% if’“é‘ﬂ'ﬁcentrl c plenuns and a
pressure adj %ablﬁcﬁ%ﬁﬂr{dﬁ m FRE OW every pair of neighboring

' t he

pl enuns; b) noving t carrier unti IS near or touches an

abr asi ve surface; c) doterm niphgraitydesifr esidivedmisl ceiteolfable a cptrier al floid of
concentric zones on the wafer tha correspaond, to the plurality_ of
conceéntric pl enunsoBHMYTHgationpathsdn | hu ) copprawicationia rorgapanding plprdity effarrier
abrasi ve surface ﬁ;{ Ssuri zi ng each concentric pl enum of the carrier
wWth a pressure i ed to achieve the 30 desired renoval rate on each
respecti ve cdricentA carrizoasinataimizd fisether congirisagy: usti ng t he pressure on each

of the plurality of barglers bet ween r}anentric enﬂ_{ers; 2} ausi n
rel ati ve notion bet weed thBF'ARNE Mng daphiasm,fogae 31375 ke arri

nmet hod as in clai oﬁgm Wwherein step (a) conprises the step of Ioadl ng an 19

2 8 JAN 2004 incom ng vvafer into a carrier having a plurality of pressure

adj Udt abl e concentric pllenursresaiding ring mctedddjthsraMhmgcon&érﬂphragImM| er
enuns,. the barriers .

bet f hb
i arbor ey B rin i S nedln B e nousih Wi ol fninB Aind o apResite

wherein the pressyh@reddinifaehersty dmwe%ﬁ&gng%p%ﬁfﬂ ers 5 is equal to or
greater than each of the pressures in the nerghboring concentric plenuns to

prevent | eakade beh eartiar asia chingtfurthergopipsisings. 37. A nethod as in claim

34, wherein the step of adJ usting, the pressure conprises. adjustin ﬁ
pressure on each of thépl urdl |r? mbqg b&lngi eflidye nESHER nt At dﬁen B ¢ o

SI eﬂLrGrzsurlg gguak éoa]tng%nd% planarizin lﬁﬁg%@p%l@nﬁ@ﬁ?ﬁ%?ﬁphﬁg%pos gtr?h;c
waf er or an STl waheretaiaingpingsi ng the steps of:
33. A carrier as in claim 31, wherein a material softer than the wafer is fixed to the
inner diameter of the floating retaining ring.
34. A method of planarizing a wafer comprising the steps of:
20 a) loading an incoming wafer into a carrier having a plurality of
pressure adjustable concentric plenums and a pressure adjustable concentric

barrier between every pair of neighboring plenums;

b) moving the carrier until the wafer is near or touches an abrasive
surface;
25 c) determining a desired removal rate for a plurality of concentric

zones on the wafer that correspond to the plurality of concentric plenums of the
carrier;

d) pressing the wafer against the abrasive surface by pressurizing
each concentric plenum of the carrier with a pressure intended to achieve the

30 desired removal rate on each respective concentric zone on the wafer;

e) adjusting the pressure on each of the plurality of barriers between
concentric plenums; and

f) causing relative motion between the wafer and the abrasive
surface.

35 35. A method as in claim 34, wherein step (a) comprises the step of loading an
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a) loading an incom ng wafer into a carrier conprising: a pressure

‘adj ust abl e peripheral ring plenum a pressure adjustable internedi at e 8iJAY 2004
pl enum a pressure adjustable central disk plenum a pressure adjustable
concentric barrier between the peripheral and internediate plenum and a

pr essur encuhing vaférentocreenentiayingaa plivetitybef pressnret ddgustabl econsditait plenamd and a

tral disk pl 20 b) movi t ier . i . the. waf ' .
ouches HFods AAUABte EePAEE DAjol el iy ebiat B bbEindc Etums” 4 By
surf ace HaywdtngRighbbAng flechii@s cg}ﬁﬁ%ﬁ}g@g@gﬁq fiky er nedi ate and central plenum

wherein the pressure Tn each of peylﬁheral and central plenuns is at a
hi gher pressbe t Wamethnd asiieskimd4; wherkia the pressure omeatihatféhgplurahity ofiparriers

adjusting th ressure on each of .the plurali of bar.ri bet

o1 e 19 gl Gagieniy oy eS o orruiss el TetettRlibE EoRrRIh B Pye
sur f ace grével RARIde2R IR tHRAGERboBAgPRenuthsn®t hod as in claim 38, wherein the
barriers between nei ghboring plenuns conprise elastic ribs. 40. A nethod

as in claim3§, whemesthod teinptlaios 34.cwhereinatbh stsp afadjysting dhg pigssfre gampriegss

is equal_to.or greater than each,of .the pressures in_the neighbgrin

oi enune 35 o8, BRIy ool A Mng iAo h B B b Vet el A o &
nmet hod qﬁesismecdgamrm 3B betwleeri tHelpréddtrelf Bfedighbofing asiteafrictplénupsdr al i ty of
barriers 20 2 JAN 2004 is equal to or between the pressures in the

nei dRbori ng pPiBenunt meghagsafiplanariging aepperthin filpsdaposited o 2 piakes o6 pp Sk Wafkr
backsi pl%og,}‘ ﬁ%iﬂ?tﬂ@&gﬁs et ween nei ghboring plenuns. 42. A nmethod of

pl anari zi né’ a copper~thin filmdeposited on a wafer conprising the steps
of 5 a) loading an incalying le&fieg an fiicoméngoRifer Bito & odffiet Sormigrisingl pr essur e
adj ustabl e central ring plenum a pressure adjustable second ring plenum
a pressure adjustabl e third ¥PREus abusablapginbeml Fiag lEDUSE abl e per i pher al

ring plenum 10 a pressure aﬂﬁ&h@iﬁusﬁﬂbﬁé&t%ﬁaﬁﬁ%ﬁ%l‘éﬁﬁﬂ; the central and

second pl enum
15 a pressure adjustable central disk plenum;

a pressure adjustable concentric barrier between the peripheral
and intermediate plenum; and
a pressure adjustable concentric barrier between the intermediate

and central disk plenum,;

20 b) moving the carrier until the wafer is near or touches an abrasive
surface;
c) pressing the wafer against the abrasive surface by pressurizing the

peripheral, intermediate and central plenum, wherein the pressure in each of the
peripheral and central plenums is at a higher pressure than the pressure in the
25 intermediate plenum;
d) adjusting the pressure on each of the plurality of barriers between
plenums; and
€) causing relative motion between the wafer and the abrasive
surface to planarize the wafer.
30 39. A method as in claim 38, wherein the barriers between neighboring plenums
comprise elastic ribs.
40. A method as in claim 38, wherein the pressure on each of the plurality of barriers
is equal to or greater than each of the pressures in the neighboring plenums to prevent leakage
between the neighboring plenums.

35 41. A method as in claim 38, wherein the pressure on each of the plurality of barriers
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a pressure adjustable second barrier between the second and third plenum
‘and *a pressure adjustable third barrier between the third and 15728 JAN 2004
peri pheral ring plenum 20 b) noving the carrier until the wafer is near or
touches an abrasive surface; c) pressing the wafer against the abrasive

sur f ace ibpqyal éseubdétweenythelpeessarss in thie neighboring plehumsl taaassispor & pmepthl transitvonns,

wherei n the press I h .each.of th central ,and ri pheral plenuns is at a
hi gher | i BLeSEHE OfRAT bAKaIdR PLME yafer beodeeperhbOte BEBUERG and"thi rd pl enums:
d) adjusting ghe P afthddeofPlatmizthgod cdpper Bt/ fih dbposittd BARWAES chBpNERNthe

pl enuns; and e) causing relative notion between the wafer and the abrasive
25 surf stapsob pl anarize the wafer. 43. A nmethod as in claim42, wherein the
barri_ers between nei ghb?ri ng &jé.enums corg;riﬁfse. (?I astic ribs..44. A nethod
as ifl claim42, whereirft he PES&E? B BN EEH Y ASHBFLFEIPEY 0t barriers
is equal to or greater than each Djredshife 4RSI &ntialrihdpleR@inghbori ng

pl enuns to prevent |eakage 30 between the neighboring plenuns. 45. A
method as in clai m42, wherein tHeprpysurssadivstable sogend BRZ Pl¢BUBL ural ity of

barriers is equal to or between } [e A bori ng pl enuns
to assist in a snooth transition a%gssgfeeagdi%?%ﬁ%{r}\ﬁhdrﬂé a%LLgIP’de of the wafer

bet ween nei ghboring plenunms. 46. presuteosdljetabii periphesil Agg plenbil; waf er
conprising the steps of: 35 a) | oading an_incomn Into a carrier

waf er
conpfi sing: 21 2 8 JAN 2004 5 10 BFesSUpt @&gﬂ?@ea’aﬁm@wmwawemrﬂgand
pl enum a pressure adj ustagg&ng%@l{ .ring plenum a pressure adjustable
third ring plenum a pressure adjustabl e peripheral ring plenum a pressure
adj ustabl e first barrier between 4 pesagedtadjabtabletsesaabbaltrieplbetwien the peamdur e

adj ust abl e second barrier between the second and third
and third plenum; an

a pressure adjustable third barrier between the third and

15 peripheral ring plenum;
b) moving the carrier until the wafer is near or touches an abrasive
surface;
c) pressing the wafer against the abrasive surface by pressurizing the

central, second, third and peripheral plenums, wherein the pressure in each of the

20 central and peripheral plenums is at a higher pressure than the pressure in each of
the second and third plenums;

d) adjusting the pressure on each of the plurality of barriers between

plenums; and

€) causing relative motion between the wafer and the abrasive
25 surface to planarize the wafer.
43. A method as in claim 42, wherein the barriers between neighboring plenums
comprise elastic ribs.
44. A method as in claim 42, wherein the pressure on each of the plurality of barriers

is equal to or greater than each of the pressures in the neighboring plenums to prevent leakage
30  between the neighboring plenums.

45, A method as in claim 42, wherein the pressure on each of the plurality of barriers
is equal to or between the pressures in the neighboring plenums to assist in a smooth transition
of pressure on the backside of the wafer between neighboring plenums.

46. A method of planarizing an STI wafer comprising the steps of:

35 a) loading an incoming wafer into a carrier comprising:
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pl enum and a pressure adjustable third barrier between the third and
peri‘pheral ring plenum b) noving the carrier until the wafer is nea 3\%&
touches an abrasive surface; c) pressing the wafer against the abrasi N 2004
surface by pressurizing the central, second, third and peripheral plenuns,
wherein the pressure in each Messurreadjusiable egnrakeegplgn¥nd peri pheral pl enuns
Is at a higher pressure tha J<l | L.I.d. pl enunm d)

adj usting the pressure on eanac%rg%sflpe{ﬁ&g{bu?%%cg?@nﬁgbiég{l&fers bet ween

pl enuns; and e) causing rel af preguriddjsstabdethivdeingtieningf er and the abrasive
20 surface to planarize the wafer. 47. A nethod as in_claim46, wherein the
barriers between nei ghbori ng BPSHIfdiustabigperpberal gag plenimps. 48, A net hod
as i claim46, wherein the . f ' Ll ers
S egual to or greater than agé%%ﬂég&pﬁ%atgggg%%@sgﬁ)ﬁﬂl{%éq#e%ﬁg%rapﬁé'édo%

pl enunms to prevent |ealkdgmm;25 between the nei ghboring plenuns. 49. A
nmethod as in claim46, wherein the pressure on_each of the pluraljt f
barriers is equal to or betWR&HUf J‘ﬂﬁr‘%ﬁ%ﬁﬁc@g‘l ATCh eW@F’@ﬁBﬁE’FW&l ?J%ldeﬁ'tfﬁ’s
to assist in a snmooth tfansiti,gn of pressure on the backside of the wafer
bet ween nei ghboring pl énuns.” 30 surface adapted for contacting a wafer; a
plurality of spaced apart riagredsamedcidjustzble ahicth baupt esbtweemnntbe etldrd antlhe
secolgd maj or surface of th Wfaf.er 1dilz'l;[l‘ﬁ.hragm and at the opposite end to the
carri‘er housing 50. A dEFPPER TR P MM Rari zing a surface of a wafer
conprising: a carrier ﬂ)ousuﬂaﬁngﬂy@éa@ﬁeldmﬁn%@@me@whw o thhdles aAMPraive
second maj or surface, the first major 22 2 8 JAN 2004 thereby defining, in
conbi nation with tsuefaemrrier housing and the wafer di aphragm a plurality

of concentric web plenuns; a plurality.of i.ndividually centrollable.we
flui d comunication patﬁqg i rPr%smgéhe B%FFﬁﬁﬁ‘ri“B tql%%’r@ﬁ“f%&{r% e%grpgeesgw ﬁ’ﬁ
plurality of web RekgdINgechbsd, tigDiddpdripheral PRnihESAHEr&n ithe presseacin €ath bhthe
plurality of concentric web plenuns; a plurality of concentric ring shaped

carrlSer pl enuns f ¢emtal, sacondhand peniphsral penyaisrig 2hadigher gressurgithan theeressure
plurality of spacenglthaep{ﬁlrr&p{énﬂ%;shaped ribs; and

d) adjusting the pressure on each of the plurality of barriers between
plenums; and
€) causing relative motion between the wafer and the abrasive
20 surface to planarize the wafer.

47. A method as in claim 46, wherein the barriers between neighboring plenums
comprise elastic ribs.

48. A method as in claim 46, wherein the pressure on each of the plurality of barriers
is equal to or greater than each of the pressures in the neighboring plenums to prevent leakage

25  between the neighboring plenums.

49. A method as in claim 46, wherein the pressure on each of the plurality of barriers
is equal to or between the pressures in the neighboring plenums to assist in a smooth transition
of pressure on the backside of the wafer between neighboring plenums.

50. A carrier for planarizing a surface of a wafer comprising:

30 a carrier housing;
a wafer diaphragm having a first and a second major surface, the first major
surface adapted for contacting a wafer;
a plurality of spaced apart ring shaped ribs, each coupled at one end to the

second major surface of the wafer diaphragm and at the opposite end to the carrier housing
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a plurality of individually controlled carrier fluid comunication paths in
Jlui*d comunication with the corresponding plurality of carrier 208 dAN 094
for controlling the pressure 10 in the plurality of carrier plenuns
exerted on the plurality of spaced apart ring shaped ribs, 15 51. A carrier
as in cltherahsdetning, i conbimnghon Will: the cyrigr hoysing %ncp @Pavfﬁ?rn@a?hrﬁ@g, # glurality
connect io’?@oﬁ&ﬁtrfci\péoé‘lgnﬁr% carrier housing. 52. A carrier as in claimb50
further conpri sing: retdining ring recess in the carrier housing; a

retai ning ring di apfluatity eDindeddedlyt cntrhBatjje mebhbniy cofnmurecat@nrpaths inofhsidng
and covering the retaining ring,recess.to_forma retaining.ring plenum. and
a ret ai FPAFIHRGIGOR Hith Be © lae%pﬂgdlpgpﬁrﬂiﬂwf Hﬁ‘ﬁgﬂ?ﬂ 5@%9%5?8 RSt 105

i n chkai 4 | icGABILRRAT; L he step of pressing the wafer
agai Est t eogtgggrsu?{l}{e}yigre‘?gge cy pressurizing each concentric pl enum of the
carrier with a 20 applassiy efi ctneerded ring altdpied vaarti¢re pltesims efdrmedhow ghe rcatreeron
each regpective, concentri¢c zone.on.the .wafer, said essyre applied to the
waf er t| yigs and mg‘ﬂﬂ’a‘ﬁﬁPﬁﬁﬁitm\f/Eme‘Qaﬁ%ﬁ%‘eg %’&Pﬁqg{’%&}a&ace adapt ed for
contacting a waf e, ,1aaf2o SREREhIG Rhtrsied &fReCAtR hrhehitARNCEUNEER Nkia
barriers. 54. A method as in claim34, wherein the step of adjusting the

pr essur eonmmprdation Wit the cotrespooding gilurslityrg cetmier plesymsrfer egntiolleng the pzessure

pressure erabl.e b di aphragm associ ate L.th_.each,of the plurality of
PondBnt i QBRSPS ek PRe LT r P ALl 3f Friore Searb e Mgl b aps
of : 55.9) prayidi NPesribeisahiand 50iMAh& cbAphsHgt 0 the carrier and positioned
to surround the wafer; and 30h) independently applying a pressure exerted

by the retaining riphabtyaifiedampingrings s cornesiing tiegibs 3G ths cagigidguiseg.i n cl ai m
55, wherein the st of I nde ends%nftl i ng.conprises adjusting the
pressure exerted dﬁg?rﬁlgr%lpé: Ve sﬁﬁg@wsp%é retaining ring to affect in
a predet erm ned nEBARNng HRe fbS iRthd @Mdtdousihgmat erial froma perineter
portion of the wafer. 23 % 28 JAN 2004 57. A carrier as_in claimb50,

wherldi n each of sd&retainingring digpragmpennestediqibepaiphery efifbe cargier heisingousi ng
by a fl exi | ' ' L.d posite end of

each ri bg.ﬁd%ég‘?r{d&qg%?ér?ﬁﬁg@g# gge%@g%gg?a@ @}S{H ﬁ%ﬁ%&ﬁé%@f&ﬁ; carrier body;

and 5 a di aphr agmalratainige fing togledtorthantairidgpingdidphragat.essi ng agai nst a
surface of a _ work piece and a plurality, of concentric rjbs extendin

subst anti al | y3er t Hbgaataed gs i1 elaim Sdedditrin SopH(dL compritsdnasior i RIes! the
di aphr agm fe LA hsPihe! dbCastleudfabd ¥y BlesEBHREEdch Cohddfrid SeMA Y thdcdrAerRith a

20  pressure intended to achieve the desired removal rate on each respective concentric zone on the

wafer, said pressure applied to the wafer through a wafer diaphragm having a first major
surface adapted for contacting a wafer, and a second major surface coupled to the concentric
barriers.
54. A method as in claim 34, wherein the step of adjusting the pressure comprises
25  the step of adjusting the pressure applied to a pressure operable web diaphragm associated with
each of the plurality of concentric plenums.
55. A method as in claim 34, further comprising the steps of:
g) providing a retaining ring attached to the carrier and positioned to
surround the wafer; and
30 h) independently applying a pressure exerted by the retaining ring
against the abrasive surface.
56. A method as in claim 55, wherein the step of independently applying comprises
adjusting the pressure exerted on the abrasive surface by the retaining ring to affect in a

predetermined manner the rate of removal of material from a perimeter portion of the wafer.
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expanded portion substantially parallel to the work piece diaphra t he
expanded portion adapted for clanping to the carrier body. 10 593?AJA~BMMOd
‘for planarizing a first surface of a work piece utilizing a CMP apparatus
conprising: a polishing pad, a work piece diaphragm supported by a
plurality of 57 bs A capdertasih claime 50) Wherbinvdaclyofisapd 68 siraped dips st connectediorther

I ocjiated th ifh, th K .. P di havi f .
LT S b s B line e B PRI SR PR e o bhth v
plurality of sgres Eﬁﬁ@xdéﬂhsé@@'a‘igmﬁlsp&ﬁﬁbmg‘?%i tioned adjacent a second

surface of the work 15 piece diaphragm and a wear ring surrounding the
wor k pi ece di aphr agarrantodgraidgured to press agai nst the polishing pad,

t he ith ich th [ [ h i shi
bei 1§, ad) st abl o, & HEP RS JEV B FL PP bt Enr aressipgcrea i g 3% B e
surface Sﬁ{rk gg\@@m QPﬁ‘:ﬁﬁitﬁ‘GI @&ﬁf@ﬁtrﬁ: Bbslekfetding WhbsaRiall okthSgonanly Kroh 86€cond

di aphra posittoning the first surface of the work piece in contact

wiht h t heugfadei ofgthm gfopiglpiece d'l;aphtalgim lechgofathp péutelityrofi ceneeniie sibs tesminatiag dn apf
the pressure  ust abl. e web pl en . establ.ishing,.a,predefermn [essure
in each e?SlPa“ldl‘?l‘i-:1 36’51‘9‘1 sybsiangal] ,araﬁgr Eféﬁfeng,oﬂf RE?@B%F]%“@E Ca o*f{ eheé(pﬁﬁ %eggP(gr?l?aned

web pl enymangheHify totheBathler BiyPr essures, the pressure with which the
wear ring presses against the polishi n%espad; and initiating relative notion

bet Wden the W8rk A eueshetl dphplatizing & fiest poirfastiofge etk pigee utilizing a CMP
apparatus comprising: a polishing pad, a work piece diaphragm supported by a plurality of ribs,

each of the ribs having a pressure adjustable carrier plenum associated therewith, the work
piece diaphragm having a first surface for pressing against a second surface of the work piece, a
plurality of pressure adjustable web plenums positioned adjacent a second surface of the work
15 piece diaphragm, and a wear ring surrounding the work piece diaphragm and configured to
press against the polishing pad, the pressure with which the wear ring presses against the
polishing pad being adjustable, the method comprising the steps of:
positioning a second surface of a work piece adjacent the first surface of the
work piece diaphragm;
20 positioning the first surface of the work piece in contact with the polishing pad;
establishing a predetermined pressure in each of the pressure adjustable web
plenums;
establishing a predetermined pressure in each of the carrier plenums;
adjusting, independent of the predetermined web plenum and carrier plenum
25  pressures, the pressure with which the wear ring presses against the polishing pad; and
initiating relative motion between the work piece diaphragm and the polishing

pad.
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