; e3eB$6TB/ E24 FEB 2005 CMP APPARATUS AND METHODS TO CONFROEEBHESI LT OF THE
CARRI ER HEAD, THE RETAI NI NG RI NG AND THE PAD CONDI TI ONER Fi el d of the

I nvention The present invention relates generally to chem cal mechani cal
polishing (CW) systens and techniques for inproving the performance and
effectiveness of CMVP operations. Specifically, the present invention
relates to Garner heads for wafers and pad conditioni ng pucks, in which
repeatability is provided in neasuring forces applied to the heads
eccentrically of a 10 main axis of the head, wherein the heads, with the
waf ers a@t@h)A@M&Mﬁ%,mﬁﬁbﬂ@%CdeéLﬂH@ﬂi’ﬁ%ﬁﬂﬁé&RfEﬁHﬁﬂ?ﬂ%@{ﬁ@ﬁtﬁéﬁN@ orces, but
instead the heads are allowed to nove araIIeI to a wafer axis. The present
invention also relates t&"Padt PEPEEPE™ cwp operations, such as facilities
for supplying fluids to, and renoving fluids from the carrier heads for
the CMP operations without interfering with the CVMP operations. 15 2.
Description of the Related Art In the fabrication of sem conductor devices,
the erform CVMP operations, including polishing, buffing,
and J?égﬂfhﬁlﬁﬂ5? “8xanpl e, a typical seniconductor wafer may be nade

fr0n1$I|ICOH and may be a disk that is 200 mmor 300 nmin diameter. For
ease of desjatelpfﬁs?fﬁﬁwe‘ttt?é relaipgengialieto-chemaicglgpeghaniqabaplisking €MF) systemhd i ncl ude
such sgiGaR uatfetm% VR SerfBianl et RRAss S EMP bdififns OF _SUDS! vl es,
that are used to support electrical or electronic citcuits. Typically,

i nt egr &lteeiﬂicailyr, dlmptesctewvcwnawlacs to ctrnier lieadsfooivafimsland pddeoeditistingpicks, es
fabricat At the fer t ransi st or. ces having

i 11 usPororagraHBhans ol i misl Skl b 8 elrednce:

net@l | mgiatakio Bf the hesl, ¥heeip EethRidi ewlitime wafeRCind teaglubls, 0NN BRLL s dﬁse25 the
transistor devices to define the desired functional device. Patterned

c onductoj iReecrens foregs, but indead shedgadsrasnallomeé fo mesdarelleliea walge pgs.blhedi el ectri ¢
mat er i | i . vis| 0, | c layers
e oy 7B SO & ) RLLATS! CHBloe Rt WACR A HhhBL o

W t houfluipd @naxdireradvingnfluidsfieon, cist daorier béad athd itel GV bpetaioas itdai indifetiay er s
becones, syb tially nore difficult due to the higher variations in the
surfacglﬁgﬁggﬁgﬁﬂ?a“’h other applications, 30 netallization |line patterns
ar§§forned in the dielectric material, and then nmetal CMP operations are

orfred tReserpkinpeof the Related ity | zat i on. 24 FEB 2005 In the prior art,

CNP systens typlcally i npl ement belt, orbital, or brush stations in which
bel ts, paddn tsfabyjcatione semisondyeer deyicas thgrs, is baget 10 pertorp SIMB ppesaiionsr  bot h

si des [ rformed,
certal23%§%%§$§$mn£%ﬁﬁﬁg5@33%8¥§Q£"%¥ uségggF g@ﬁaﬁ£§&@38§%3 &fhance t he
Cl vt P opgyrtetiada frofcailicex amjohsy, betahﬁk&han lis" 300ingm 6D300 s iddiayetor. | Fok egeduced onto
a novin reparation surface, ., belt, pad, brush and the |ike, and

i our 1 BUOBaBB e frampye %ar'aheg heli ¢ Srsptbendncfuds och pmicediien of t ne
senh COngHiGS Sid W BlanRQitrkGurbd) bf §¥straRQ! mﬁQFéiJse(P{o s%ﬂ%%@ﬁcﬁﬁalﬂfr%ﬁ@t"r&gc by the

'CMP process. The distribution is generally acconplished by a conbi nation of
t he novégElRt of the preparation surface, the novenent of the sem conductor
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carri eronwudhwifers UAE ehe vafet lebélﬁtrah@iﬁt@f deiRORBshg dif@iohatdibRrarafemédian Waf er
rotate |n a direction of rotation. The CVMP process nmay be achi eved, for
exanp| SUbSRARSAL levls. intprenpert agiaflizakondines e patwu%elmeﬂly awaleaecba i shing pad
ar 95 Ur GREVAOURE doviRe b Rifiethe Bird FuREiRRal RO BB ol eiyf ace and

t he polishing pad nove rotate 1n a po? I ng pa |re tion. Sone CMP
proces se&ulat@dmm eihcrtmtlduatlm l@rusfbyamitctrimntmaﬂre Assedle atetdllivation leeeld dnd r ot at i ng

f bej hed | | i shi d
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Howeverwithdut planeiz6Rdn, fysdaBbof daikeoR® iefllizAtorlAkss HBYM&QRbsinfially M€ abrasi ve
particles throughout their surfaces. Depending on the form of the polishing

pad usebificglpduetie theihighesvagialjonp &1 o ssaseigpesrapi. hvpibasapplisaiansi on such as
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bet Weemret;lfﬁonmédtslrnmtgrepmdssamialhfnﬁomxposed surface of the wafer. Several
probl ens nmay be encountered while using a typical CWP system One recurring
problemis called "edge effect,” which is caused when the CMP system
pol i shes an edge of the 25 wafer at a different rate than other regi ons of
the wafer. The edge effect is characterized by a non-uniformprofile on the
exposed surface of the wafer. The problens associated with edge effect can
be d|V|ded to tmo dlstlnct categorles The flrst category relates to the
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30 bounces off) the edge, such that the pad nmay assune a wave L%E@-sgﬁﬁf.
The wave-1i ke shape nmay produce non-uniformprofiles on the egp e@ ace
of . the wafer. 24 FEB 2005 The second category is the "burn-of F effect.
The bum off effect occurs when a sharper edge of the wafer is excessively
polished as it makes contact with the surface of the polishing pad. This
happens because a consi derabl e anount of pressure is exerted on the edge of
the wafer as a result of the surface of? t he pad applying the force on a
very small contact area of the 5 exposed surface of the wafer (defined as

the edge cont e Prsig) CME systempiypigabn eplomenthslthoubifel, pr bsh stationhia whighs

of - t he ultq.n I ers exhi.bit,a burn ri t hat renders the edge
regi on Bﬁ%’égﬁsé&f%ﬁédeggfe%s\éﬁhéér%?’ﬁuggﬁ“%%?}fsﬁé’gf ° H e eS?ﬁBrv‘fﬂg%rm ng of

convent AcRRUingWE ENspESECMP Gbratitmtiehig perfoPmB@) ceffintdhtesalt A6 a@flutrh Sarkaf er
along a desired finishing layer profile. Ordinarily, the exposed suiface of

a waf eruseddo fasilitatead gnlgance dreeC etationi Far exampleribis sluoybemobt wsuelly f er ent

t hi gkne Ln the center region.and varies .n thjckness t to the edge. .In
25 ookl SV ind SRR Aot S b b BERE ol e e, andiiEBlieg
expos edovey teAsiephtid riel &8 welPde ﬁe&%ﬁa&#&f;tﬁ@ SerhiSotfRtA WAl RiRPRIYeg T Orce

on a so-called "finishing layer" portion of the exposed surface of the

waf er . pdished, o5 gtherwist prephedrbygho OMB procbss. Theidistiigidnay geneaalky pol | shed
until the finpishing |layer is substantially flat. Thus, 15 the surface of
the pgaé"ﬁ%{iﬂi’ﬁﬂbeg ERCRBR LA tﬁw@?’em?m (RECRTPRASAAN YURERCGel)g Mg EmPRIof
the finhgbimidoh@MRsr watBEARRY e%l@n. %&M%&&Nﬂ?ﬁ&nﬁhn&&&oxf Wi ge! aver
to be non-uniform Sone circuit fabrication applications require that a
cel® ai rpreprrationestgiagé. materi al be maintained in order to build a working
devi ce. For.instan if the finishing |ayer were a dielectric |layer, a
cortain thi BRADEL SHECTRR AL {mByRie O'EBC%FFWétﬂ act pfibe s
conductdxpgsedl Ahelddfic?iald /0w AeRRate 1R HEER: R fof PEth@bn. 5 Bl fw an
unsol-veé{\ﬁ_nséed ir?'the OV art for a Gwhgf/%ogr%fg tgﬁéne%?ggﬂfoggg%?%a and
cont r ol dchigveblipsenamplawhepdhbé expatd surfaae géthedotatihe waarrahd agpolisiging ipad asshi | e
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App3 | Cajrirorate¥ a Mgﬂé’p&éﬁir&édcﬁﬁ S%ﬁ%@%lg%t?mcc%g&q ffe SUPARShELA (CheBccal

Mechani cal Polishin ystem and assign o 25 tﬁ assi gneé of the present
appl i carsedat the Hme'the retaténg wplsr isdzinppolishedhe trepetisking aadon) cl ai ms and

drawi ngs ofsuch.rel ated. appli,cation ar this reference i.ncorporated in
the pr esentNgﬁlBTﬁi%g?‘?% I.Sh}r%ppﬁgﬁquﬂgpéﬁ%@@%ﬁm&fﬁrﬁﬁ?mﬁo f@?ﬁ"gﬁf fol | ows
the togitgo@yteihls! Rtfever il SGRS CMP 5Vt RRSSHishinG TRESnRY cbhGineter So as
to create a CVMP-processed | ayer surface which has a unifofm 30 thickness

t hr ougHbtasivequeticlanbrengboettheinpiranent Bependitgaer thg foram pf e polisking phdpsed; ur e
pold shi configuration, eljmnatin he ‘aboye- ioned _drawbacks,. edge
e?#dec_t sf?g%glayﬂlé 0 n%”&%g@?t?ﬂ %ﬂﬂﬁ’mé% U B o @Eb@g?&fﬂl’!ﬁfﬁ&é{ml% one
enbodi rgdpersell abrigive PMTicRsThAThd A5111HeS the poffistikp pa@ WRer@b§ Bfehtiff ad'@ihfige 2 tOP
surface and a bottomregion.” The top surface of the Garner is designed to
hol d arsiemisahsautzonbdtecemtbeipoyisiing ped amdthe ekposed dutfageerfehe wafee. pr epar ed.

Furth i d i ti head,. . h i Shi head, desj d
Lo bo-appl | SHFH pigoIPm o B Srsrrea piniR S harc DioBiich Yot 8¢ FeeBmiTE
| ess t hasblem igbdlidde R iR Ahit R aHidiasnthe ENEP !%ft(gié pg@%ﬁe@ %ﬂ th%éoist'ﬁﬁh

CVP system avoi ds t he above-descri bed edge effects,” p oun fects,
ardd edgefenat adlifferent ratetthan vther mgpins odtheowalef. Fheoddgeretioar mtchactadast] bynat his

manner applies a force 1o the exposed_surface of the wafer and to_ the

Gar nor TSP PR Rroigs OHAS ROSe BStRCP 06 M Y41or cRiseRrpble B s aciated with edge

ori ent ¥ fheld; . I.EFn I L i ' ' des
an i i o) Sy e NPl AR e Rirics® The Fi ltsblyAeldifs GohAed Al g
(whi ch reboand effectd resaitih goivemttho el QbAtasidfshapolishingpadewith dad ddg} of THee
initial ari ation ﬁl SO | né:l udes an initial orientation of the exposed

sur f ac &2 thBen ke pelishipg prd iutighesantastete sdequnf thavafen themgrd sebmunds (st y

degr ee 1 t Il £, 1 tiallv vertic l I of
tﬁg ce%’? %ﬁfeggxlzz%g eh%c\l}va Ar Héa%%ﬁklﬁiH%?rnr%i%e*@e'%ee&iaéé’m%h% %{s( 'giﬁglgllzlﬁ y
verti cabdy predue rohusifoedt profiles ok éxpobetiagface uptheavdfical plus or minus
normal nmechani cal tol erances fromtrue vertical, such as those tol erances
typical in 15 bearings used in spindles and other supports for such
carriers. As may be understood fromthe above di scussion of the edge
effects, pad rebound effects, and edge burn-off effects, it would be
“undesirabl e for such eccentric force to cause the central axes of the wafer
and the carrier to depart fromthe initial orientation and to tilt, or
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24 FEB 2005 However, in the eccentric force situation deschb@c‘:@gp@
(i.e., when the area of the polishing pad, for exanple, doeS not |y
overlap the area of the exposed surface of the wafer) such ginbals nay not
be used. In detail, such initial orientation of the central axes of the
waf er- and the wafer carrier is the orientation that nust be maintained
during polishing under the action of 5 such eccentric force to achieve the
desired planarization of the exposed surface of the wafer. In other words,
the tilting all owed by such ginbals nust be avoided if ‘the desired :
pl anari zat i'Tie setoddvategppois ehk ‘Gnri-affe effbctt [Thewateoffiaffeot dreumscohhaveghargen U. S.
Patent No. 4,244,775, a polishing plate_ is provided with a dianmeter, about

twice epgaofdhe wakesis exspuinelipolisher ag i makes sentac avithrthe swidepg ot hepRlishing i n a
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suppor tyafe@lagl @ restitofithie Sirfa6d bbthe hadapslyidgdhaiaye o @ edyiendliadonsdet Aga pf tee

al ways presents the entire surface of the body to the polishing plate.
Be8ausexnpased surfase of theovafer (definedasihie edgecconingy Zonehe A ¢l coBseaharte fahebym-

| ativel w. | i 2. .- th i ght, inch if
o cotftiest M ahs Fesp e moniTaGr iR tab ol bR g ok el e sdge ) o of
15 suck @{usaﬁlbforlfgwaﬂngfsﬂfcbﬁd_@ﬂbésar (which woul d generally be tw ce the

di amet erggﬁ{v\oul d be about sixteen inches. As a result of this configuration
of the col |Anothesisheriteaming of henvsahipnsd RME syttehdthan inpldlitydagolish thetsyaew| | ar

is di | | ated to.the diamet f.the seni.copductor b to. b
br oces et el ikl Btk ETh i rlob DS IO ep 208Eed 8 P s
rabat i yft Mad lﬁfdlﬂilagohgg&ﬁ@ M6t GiPlehdd toaRbftaN B e RP@IdknBSY il €he caifsl ro@Eiyn Bed

variable as well. In addition, in the past wafer carriers have been
provi deatiesiin thickness ensttakhesilgri hys typicat conventiondl € MR fsgsteins theipad sutfycep| aced.

On h waf i id nber of holes th h,the netal backi
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pressure in a duct to the holes, providi nfg a Wéiél to indicate the %r esence
of t heregignsof thaokimishing layaranerpoliphsidi undil therfinigiing Bysuisisuhsrrtiallydiat ddhes m t he
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presence on the netal backing. Another type of wafer Garner provides a
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pores. Investi.gation.relating.t he present. .. I I ngi 30
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di ffi cedrtait Micdnesy wosldbematded in Dtddi 16 définembtadlifesCdndanadudiivefvias thersiar ayed
onto the top of the carrier on which a wafer 24 FEB 2005 is placed, for
edfnpl e. THhsse pigblemsipyior SNP appraiiens, and ap wasolyedgreed i e VEmArcior ayer s
even t h the.clo d,_.ver: | LGl i NS, e | ayer.
A'so, - CRHERGHRE S RER b AR s P URPEE of SRETALG s Sarde 0T
to be ggficshedond, dhilexabgeiialll aEesn dRwrdeBiaging edgs drfetry, ke robsund®ifeals, add
this type of system slurry used for polishing miy nore easily flow off, or
be remgasdamn@fﬁefqu@, arrsbsstssed im felaled Sndted States BatentpplisatipnNo. QY644.13%y) ¢t |

this ty f s es..hot present .t obl f .. remyval | ur from
an oxph BE By 22 DR S bebe Al P MR bR B Psh D R 14 ot i ng
PRSPar flel QA ph@Astthe HidSdht ABpNERtiSh (the teidtbd GpplRafen”) THekpéciibRidneadini®andoe
used to carry a particular wafer during many different processing steps i
10 (e. drawingsfafsughotelased apgplizatiobakfbyribis refdegnse indeepasated e thogiresent he waf er
attached,.is first nounted at one processing station, and processed. Upon
conpl etRRSaE0t he first processing, the Garner is renoved fromthe first
station, tnaREa fl#t é@ﬁeaﬁ%ﬁ QMPLgbtbTollaRd twgégﬁpw of 119eSREROE of the
processing station, etc. As a result, currently thefe are significant
demandexpfosed saface sfthel wafar sd &vte crdaie a AP peocssdeddaysalshinfacesehichvhaha meifigrm
¢ . .

t %8 es &ck%ggsctﬁls'osdgﬂgut.s tsall]tch C()H\ZP system implements a rotating carrier in a subaperture

polishing configuration, eliminating the above-mentioned drawbacks, edge effects, pad rebound

effects, and edge burn-off effects. For example, one embodiment of such CMP system includes




15 What is needed then, is a CMP system and nethod in mhich2a4#§ﬁiaﬂwiplied
to a carrier, such as a wafer or puck carrier, may be accurately neasured
even though such force is eccentrically applied to such carrier. In
particular, currently there is an unmet need for a way of providing an
accurate i.ndi cation of an anount of such eccentric force. Such an accurate
indication is a repeatabl e neasurenent technique that may be described in
ternms of "equal 20 eccentric forces." $uch equal eccentric farces are
eccentric forces having the sane value as applied by a pad, such as a

pol i shargmizadivihg ador surfice and @boRomatgon.oTherg sacfack of thaearrjeniskdesifhed to
repeat abl e nmeasurenent technique is one which, for all such equal .eccentric
f or ces holdrpad Tatate & afes hawingone prmorionmaed layenrdn be plepates divathes inpivded 5

system for_s. rting the ner. i1, subs i -
epear RRatpB gD shh 4 Eps Mg Reat desighla BNAPIRA R il edbEppAMRat e |

t he abQueerd@hékin@s piRRAAS 156 BRAtARhErd RS SMBe bulffRRicfiRe waithi Athpughvi di ng
facilities for other CVMP operations, such as facilities for supplying

f1 Gi ds swihi GMP sysicar avoids the abone-destdbedadige siforts.aad sehnyod efigrts g edge burn-

P sy STiahEsRa i aPRGARR o Pt P rUd 1 PutireRieRplret iy O “oe”
oper at EphgedbirPRdlof ki QALEEADS ik ERrkPs VR RPShAE 8 ntric With KsBec? @D8n

Sunmary ‘of the Invention Broadly speaking, the present invention fills
t hese mutadrisntation wf thenyafoMmdths camier.alte miti odsntakioe includes eniitialsol ut i ons

to the above-described probl ens, rejn structure and operations are

by ovi GEHOR R SECnTRL SR op i e Bt PR et EwE AR Bl asslRnBh e
fapces sub‘%tdnﬁaﬁtfe@nﬁm).eh&eaﬁ@aﬂ&wﬁaﬁm dlsd i9ERRe ARPIitR olien@tibRbNge, such as
a wafer or puck carri‘er, may be accurately neasured even though such force

i s eccempaspd anifaceaf thd walfer Gvisiok is 1@eitinmed apanoinktnl anglp @€ ningty degseessVit ens and
met hods of the present, invention i.s a CMP system and net hod havin e
bove. HsBs i HLRLa B ey xpRe ot oot Merau e nEE bR R A0 o

faci |1 £iger)s ameltdind Subbtdh@a 1\ driiédl” Mebay thieevertichl [ M inEILEEs @RverinR DRI or

support without interfering with the QLO polishing operations. Simlarly)
anot he mimsypsrmabmeghaniicat {adereness drrdn frse Notisalp suchias thesedelerances/@picilon i s a

syst em and net hod. for .renovin l.ui ds, fromthe wafer or puck carrier
v%houf’earrﬁigé?lﬁﬁﬁal I?Sr?“flr?gheél\s/ﬂp _rféffli?ﬁscan}eﬁs‘one_ enbodi ment of the
systens an qfké"ﬁra? 0 an@érsiob@ FRMEERHboldNRAIssR of Bk ddpelefRbtsChAKIeBOUNd
rel ati onshi p between an axis of rotation and a carrier axis is maintained

dur i ngeffectampticdge bom-off efferss sewewldicaintesirable fonsyrhtacaentsic Sense &t cquse tgabl ed

to make repeat ahl neasur nts s ,defj ned .above f .J.1 ¢ forces,
and th&?’&ﬁ‘? Pfeégrol%ﬁﬁilwﬁger & eclﬁn?ﬁ'ra%g dmﬁglgrtﬁ? &t &allo%eg{ﬁ%t% Hgl(rﬁﬁ g(%%’ i ment of
the sysgisaffe AtilebdBHdneADnOindeh haPicEioh BF tHeBesttHi® forc& USHCH tillting @k tittedxi al
relationship is naintained by a |linear beari ng assenbly mount ed between the

c@0r i epriemationiwonld asemswhen sich cenigalozes plthe yepferadior il earrien depag drogn true

C_ér ri e(fértical more than the above-described normal mechanical tolerances from true vertical, e.g., by
a number of degrees. In the prior art, gimbals are used as supports for carriers that present
wafers to a preparation head, such as a head having a polishing pad, for example. The gimbals
allow the wafer carrier (with the wafer mounted thereon) to tiit and assume such a tilted

25 otientation relative to such initial orientation of the central axes of the wafer and the carrier. As
described abbve, such tilting allows the exposed surface of the wafer to be at an angle other
than substantially vertical, such as about eighty-five to eighty-eight degrees from horizontal,
which is a significant departure from the initial orientation described above. Thus, due to the
allowed tilting, the exposed surface of the wafer is not perpendicular to the initial orientation of

30 such central axis of the wafer and the carrier. The tilting allowed by such gimbals may be
appropriate when the polishing pad has an area about the same as that of the exposed surface of

the wafer and the area of the pad totdlly overlaps the area of the exposed surface of the wafer.




In yet another enmbodi ment of the systems and methods of the ddsEhi2(5
invention, the |inear bearing assembly is provided as an array of separate
| i near bearlng assenbl i es, wherein each separate |inear bearing assenbly is
di mensi oned i ndependently of the dianmeter, for exanple, of a wafer or puck
carried by the Garner. 25 In still anot her enbodi ment of the systens and
met hods of the present invention, the |inear bearing assenbly is provided
as an array of separate |inear bearlngfﬁssenblles in conjunction with a
retainer ring novable relative to the carrier, wherein an eccentric force
appl i edHowevdreinrtbe ametmrfpmg sntgatmuiﬁsan@ldwbm@@r, acheavemanchofi tie polishingor ce

IS eccen l.cal | I ed uch . narelate | ment, of . the
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is ass e%r%{b%;& it ol B! B ekl shélfineh GRBAGH S10c Whrkdhl AxdiQhe (vafer BRYI N0
the ring relative to the wafer nounted on the carrier so that an exposed
sur f ac ethefwaférecavidres themdieatatio maFEast&amtmriﬂhhlrmg pohehmgmder&he mtrtg: difO be
engaged b the %I shi ng pad _are coplanar duri the p hi n
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throught e sane co it system wHerein the vacuumis app to the wafer
uni fornﬂhyeapmsedsuﬁfhmafalmmaﬁeﬁimok)eanﬁevw ough | arge-m cron- si ze pores that
may easily be_cl eaned by wash fluid fed through the same conduil system
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enbodi ment of the systens and_nethods of the present invention prOV|des a
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syst enshcldet sﬂﬁ‘bﬁlﬁﬂ&h@ﬁodyh ﬂleﬂicﬂﬁﬁ’ﬁhust huend tednively lprgevlisiastes, epyicioseithpor t
having a lip defining a reservoir for receiving a puck having 'gerforat I Qns,

wher ei rEigHdnghss K b6 spBicenductardiody dtiameishbingh étw%?ft%afﬂ ullepsy B2 e exyrpied

h
e e D R e i s SRl
t aken ia*boat)m;uaem:inches whd drdshi oﬁdns)uqnﬁ“rgumtgmcbfahm a:tgha; relhtiwestorthe i ng by way 20

of exanple the pr es of the inventj.on.
ns%m?con uct%r ody, Ft)h Iength of the collar 1s Auccl:ly related to the diameter of the

semiconductor body to be processed. Further, with such large collar, frictional losses would be
relatively large between the collar and the support holder, and may be variable as well.

20 - In addition, in the past wafer carriers have been provided with flat metal backings on

N’

which the wafer is directly placed. One such wafer carrier provides a number of holes through
the metal backing by which a vacuum is applied to the wafer. In theory, a wafer present on the
metal backing will block the flow of air into the holes, changing the pressure in a duct to the .
holes, providing a way to indicate the presence of the wafer. However, vacuum applied through

25 such holes can deform the wafer and interfere with the accuracy of polishing operations on the
wafer on the metal backing. Also, slurry used in the polishing operations can block one or
more of the holes, and result in a false indication of wafer presence on the metal backing.

Another type of wafer carrier provides a ceramic layer on the carrier. Such layer has one-
half micron to one micron pores. Investigation relating to the present invention indicates that
30  such extremely small micron-size pores could .easily clog and would be difficult to clear.

Generally, such carriers are cleaned by fluid sprayed onto the top of the carrier on which a wafer




Brief Description of the Drawi ngs The present invention wll ge adi |
understood by the followi ng detail ed description in conj unctz ‘nﬁ’«ﬁtﬂ]ﬁe
acconpanyi ng drawi ngs, wherein l.ike reference nunerals designate |ike
structural elements. 25 Figure |Ais-a plan view schematically show ng a
first enbodi ment of the present invention in which one polishing head
contacts both a wafer carried by a wafer Garner and a puck carried by a

pol i shing pad conditioner the contacts®each being eccentric with respect to
a central axis of each of the carriers; Figure 1B is an el evational view
schensik iphaatd, Yossdxawiphyg Tia, fuchspragshrdippiied exdemally efl such cafankic dayess dvan
illustrating the central axes of the carriers and eccentric forces

r esul ttheglythe flogaed. dspevindl] mictenrsize pares areinsideMelapes Fi gure 2A is an

T

enbodi ment,” 11 ( near bearing Str ures, on
assenfoy exdniplé, pagestdaentliafdlg ! dindim®f be edrivohiet FOMEN®PE obelswes Blurynised fhear i ng
housi ng and a chuck bearing plate, and a second assenbly limting the

di fectpabishiog may merevasitibilewofi, opbe werayed fomhnexnosed Aylase andparoishe

retaining ri,ng bearin | ate; Figure 2B | I [ [

ohonete A1 AR B ks U Sir ea e phr e Bl BhcR Mot Sy o
|1l ust gnadxpBged| suifaed thReREdsNpvwirdlyct ures for limting the direction of

rel ati ve novenment between a main bearing housing and a chuck bearing and

| oad cel | phurather IFpljemdfacal inproviding geeparaviondicads sudtaseieier polishing herduiing
the structural .el ements, of the ~ 10 wafer carrier of..the first.emodi ment,
11 st PR Bag SR D Greatml A e Rt Bhmurli® biseSENE (R
Fiigur §e3B viaferdpdlithifg ol Bafiipd NBleres efeamBidrGvith @1 vadfamitaghdd) & Sist totntealat

el ements of the wafer carrier of the first enbodinent, illustrating the top
of a \aepuencsiing katon,and prertesedc Alponepmpletign o8 tadifss prcessigntici carmigr dsy of

the wafer carri .showi.ng .in da d line spindle f ti d
supp! yPgvFLlpin b BB DR RSP ERATS g ssB R St B Fokfieg WuRdPRE 18 an
and _4B,r8¢cRsifX RlaB O Gtd) EAS R etV Curdtin€lyShedé difie&it depianay foeResy smdllust r at i ng
in Figure 4B the bottons of the structural elenments and in Figure 4A the

t ops chamidrethet may baualvespByweadwitFimpoy éxpesAf pradesdngsagms3 are enl ar ged

PE5S pecti ngt%\é\%eé)cfed\{ﬁéni, r Y Cgfﬂessys%fm ElrrﬂcF method in which a force applied to a carrier,
such as a wafer or puck carrer, may be accurately measured even though such force is
eccentﬁcall‘y applied to such carder. In particular, currently there is an unmet need for a way of
providing an accurate indication of an amount of such eccentric force. Such an accurate
indication is a repeatable measurement technique that may be described in terms of “equal

20  eccentric forces.” Such equal eccentric forces are eccentric forces having the same value as

S

applied by a pad, such as a polishing pad, to a carrier for a wafer or pad conditioner puck. The
repeatable measurement technique is one which, for all such equal eccentric forces, the loss of
force within the measurement system and within the system for supporting the carrier, will be
substantially the same, i.c., repeatable. Moreover, what is needed is a CMP system and method
25  having the above-described needed repeatable measurement features, while providing facilities
for other CMP operations, such as facilities for supplying fluids within a carrier to the wafer
and a wafer support without interfering with the polishing operations. Similarly, what is needed
is 2 CMP system and method for removing fluids from the carrier for the CMP operations

without interfering with the CMP operations.




20 structural elenments shown in Figure 4B; Figures SB-1 thr oggﬁ{@ﬁﬁ are
enl arged perspective views of various ones of the structural cef 2805 hown
in Figure 4A; Figure 6A is a plan view of the wafer carrier, show ng
various lines at which sections are taken to illustrate internal structure;
25 Figure 6B is a cross sectional elevational viewtaken on line 6B-6B in
Fi gure -6A showi ng the main bearing housing assenbled fixedly with a chuck
bearing and | oad cell plate, show ng bkaring shafts of the plate in
cylindrical linear bearings on the housing, and a center of the nmain

housi ng pressing on a | oad sens . cell; Figure 7 is a
cross sectional elevational vire\%{'t a %‘E‘T'O((;)rr%ﬂﬂﬁ‘ééngﬁg in Figure 6A show ng the

30 mai n begProadly Rpetkin}g tHEpradhyintonneclilgrkhte redebpproaidiig CYIbeatdnand at e,
showi ng a bearing shaft of the plate in a cylindrical |inear bearing on the

housi nipethods wiich implementtsolytions foghe Aprsie-desergpadpseblamsnviasreig stnearaansk o

24 FEB 205, Fi 8, i g i i | | ] -8 1n.Fi 6A
~ahow ngPTRiaTisEs BOVIRE T TG Roes B @EE drdsTRRens s s SrbirbioEe . T,
the waf£lucRYdishi REd mistbds & f%rdesa[pﬁligd PRt bith dsak@iFepbrii@k lchitRr, Ind, 1 N

Figure 6A through a fluid connector, wherein the connector supplies D
wat er . bagccuntely maasuret evernibough sichdhrce i epgertritdly spplied tosirhgegiarodnotiesn

| | i 0-10 in Fi A, t h a fluj i and load cel.l plate,
oS b aeifer e BT B st o e R ER A PO Lot
nozzl efayifl thelBbad-AbBbEd H&d@@?@ﬁwﬁtﬁlil_e%ﬂéﬁ@hﬁéiﬂ%ﬂt fahrodef Qhilvpsdvidial eicilitdsgur e

i | is a cross sectional side elevational view of the chuck bearing and
| oad celpplyihgfleidsiwitién ratiriegta the wafertandassembiupgots withoubinterfepingwithptber

3 _the RTC. ~_10_ Fj 12A | i i f
A LR e R e
engage;d Bnigsistl @&P%@&ehﬂﬁﬂtrﬁeﬁlm%d&@éﬁbvﬁ@ Fluids 1YGHR W RvafY 6Kk fridr0 t he

CWP . operations; wheréin Figure 12B i's a further enlarged portion of Figure
12A; Fimithowt ii@Keiisg avidirtbe MR opérativais. vi ew of an enl arged portion of Figure

7 show ng the retainer ri in. a disen d sition away.fromthe wafer to
facilitate FERBFRPC %Bp&}ﬁfsgfterfga?‘fﬁﬁﬁ%ﬁéOgﬁpﬁes@\;w\é\?gu _grr“el}ltrllﬁFi gure '
13B i S @uxtdl rd1i@énsBIY Wt @Ech HOHGE OMNrobdiiohi Ml aadfaxfsii§ Hagnididéd Hsrigy Cross
sectional view of an enlarged portion of Figure 7 showi ng the retainer ring
bdSe i apmicptivn shihageqeatria forse, surhithatid senserds spabded iegndic pgasdlont o a base of
the wafer while th X ed s ace of.the wafer. 1S Bpolli rei.n

Fi gur enfa%lr?@e‘gsﬁﬂﬁ%?ﬁﬁé)&@ﬂvﬁr(g%&e 5%Pp%rf35qes,ﬁngdp%cﬁ rmgg%gﬁé\%?% 0%@ is a
Cross geald2hed aken along line 15-15 in- Figure 6A through the retainer ring

base, Illustrating an outlet for renoving sl urre/ and DI wafer wash water
from t he i dsiadethef embegliment of the systems and methods of the present invention, such initial

coaxial relationship is maintained by a linear bearing assembly mounted between the carrier
%O and the sensor, and the carrier may be a wafer or a puck carrier.
| In yet another embodiment of the systems and methods of the present invention, the
linear bearing assembly is provided as an array of separate linear bearing assemblies, wherein
each separate linear bearing assembly is dimensioned independently of the diameter, for
‘example, of a wafer or puck carried by the carrier. | 7
25 In still another embodiment of the systems and methods of the present invention, the
linear bearing assembly is provided as an array of separate linear bearing assemblies in
conjunction with a retainer ring movable relative to the carrier, wherein an eccentric force
applied to the retainer ring is accurately measured even though such force is eccentrically
applied to such ring.
30 In a related embodiment of the systems and methods of the present invention, the linear
bearing assembly is assembled with the retainer ring in conjunction with a motor for moving the

ring relative to the wafer mounted on the carrier so that an exposed surface of the wafer and a




wafer carrier; Figures 16A and 16B are expl oded perspective views of the

first enbodinent, illustrating in Figure 16A the bottons of tBe §EBuE§Iw al
el enents and in Figure 16B the tops of the structural 25 elenents; Figure
17A is a three dinensional schematic view show ng the structural elenents
of the puck Garner of the first enbodinment, illustrating the bottom of an
upper section of a rotary tool changer (RTC); Figure 17B is a three

di mensi onal schenmatic view showi ng the8structural elenments of the 30 puck
Garner of the first enbodiment, illustrating the top of- the upper section

of t hesuRbee of e Weinky ﬁn% %0 Be SPALSEHY the \PolYhiRd pidi&e \vBplaharChiirigahe pSIGIMNg i N
dashed lines a spindle for supporting and supplying facilities to the

carri espeiigid; and a illustrating the polishing head; 24 FEB 2005 a Figure
18 is a plap view of the pu carrier, .show l.i nes al ong which sections
nave been | AEHICheRRAIT B AT e S G abd SRS At MigafeRl GEOH BSvEBRE 1 GA° &
Fi gur ey L@hmnavk r?ﬁeél G HEBIE 2 VWuin AR AwadRkd iRbugdetiRrsahiel AW §fskan, t he
puck is properly on the chuck; Figure 19B is a cross section taken al ong

| i fes WB@eibdBe vaculingisrappli@] toghewifey uaifbimmly acrose theivaguws ebushi ard thimgbhuck;

Figure 20 is a cross section taken along. line 0- jn Fjgure 18 how ng

L oA MO gD POHER SN SEal T toaeR g b AR OHER FAF StciondB gur o

21 is @fﬁ%{?ss section taken along lines 21-21 in Figure 18, show ng the
m11

vacuunr conduit exiting a base of the puck carrier; Figure 22 is a cross
sectional vAesthefbdnkBciahémbodimentssf thakysienad anammethgdseofttbe presergliavamtioh t he

exposed wafer surface in Figure 6A) illustrating three of six D water
nozzl d¥oyides f gogtionof ﬁlilengafer Ayerhanging Ge camishI Fﬂlg“l?ﬁu%‘f”é‘? PRRSaECWAYS AR ,ﬁw

ShoW NGridlFoP @feking vish SR H%ift tRbveRBhEink Poftion to clean shurry from the carrier.
An added embodiment of the systems and methods of the present invention provides a
- puck made ﬁom a perforated plate in which perforations extend across a surface for supporting
the puck and a fluid is distributed substantially all across the puck to purge the puck.
A still additional embodiment of the sysfems and methods of the present invention
15 provides a puck support having a lip defining a reservoir for receiving a puck having
perforations, wherein the puck support is configured to distribute fluid to all of the perforations
to fill the Ieservoir. |
Other aspects and advantages of the invention will become épparent from the following
detailed description, taken in conjunction with the accompanying drawings, illustrating by way

20  of example the principles of the invention.

Brief Description of the Drawings
The present invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings, wherein like referenée numerals desi gnate like
structural elements. |
25 Figure 1A is a plan view schematically showing a first embodiment of the present
invention in which one polishing head contacts both a wafer carried by a wafer carrier and a
puck carried by a polishing pad conditioner, the contacts each being eccentric with respect to a
central axis of each of the carriers;
Figure 1B is an elevational view schematically showing the first embodiment depicted in
30  Figure 1A, illustrating the central axes of the carriers and eccentric forces resulting from the

eccentric contacts;



pl ane that includes the carrier axis, to direct the DI materdfzr%éé in _the
direction of the 15 circunference of the retaining ring; Figues ﬂmﬁough
37 depict flow charts illustrating operations in various methods of the
present invention; and Figure 38 is a graph schematically illustrating how
the pressure applied to the notor for the retainer ring varies with the
anount of overlap between the polishing pad, on the one hand, 20 and the
retainer ring and wafer, on the other Rand. Detail ed Description of the
Preferred Enbodi nents An invention is described for a CW system and

met hods, Wiglhrerall® ddvadbhil afeve seiennlicalty ghoishihe g alér amiaafasefirssur f ace,
whi ch may include |ayer surfaces, of a wafer. The CWMP system and nethods
subst ammtogimenteiljugirzitngd worreparRisrlineanbeasing giragiyes cmeassesbly imitpg tend 25

ef f ect nd edge. burn-off effects: while. str [ rati

or ovi ctre ke e e lent BenESH £ malf bosPin ot ShY i APRudrsefibt Bl e,

f Or cesgecdil SHGHbIFYRMIENS HRY Ere2fon GBI H% mévenin€ BetdRBr tiR4n4if bRahRg plagf andsuch
as a . wafer or puck carfier, may be accurately measured, as defined above,

even tdwetagiing ool beanngeplat; eccentrical ly applied to such carrier. The CW

t d th . h t he 'ab -d i t abl
Foatur e, VIENE B0is 3RS alfe MRSY FoHen e e G T Ra S8 OhE TEadaf Ve
0 't heeVEHdRmEimen\BfuBira at béridQtucturdKol ERitAY0Re ddet tidrestielaking Wi th

the polishing operations. Simlarly, the CMP system and nethods renove
f | ui dsmbveomant hetweah @ main bparvlg l@asingrandiatdhock béaningrand deasgcolliplaier he CWP

R i T T L T
| MENTY, B8 cdrfieBflthe BRt Hﬁﬂ@%ﬁi&eqnuéi&\ﬁgg% lﬁl&fbnﬁ)ﬂﬁarﬁﬂﬁbﬂel‘ @slﬂ:ltﬂoﬂ o‘f'ﬁﬁ‘oﬁf} fool hat

t he present invention may be practiced w thout sone or all of these
det ai | changem BTHRr i nstances, well known process operations have not been

A e e L
enbodi ROL cfied JInPLiRE @ifi‘ltbobjﬁ’ﬁ’&ﬂtiil@ﬁratiing%él o 2SR BRECKSIRh ORI L akRM

200-1. The enbodi nent of Figures | A 10 and 1B includes a preparation
carrier, orFigalei¥hisrgchematic 9o offthe ivafes cemist.ishawing inlaghsidilisies aspindiofosd
surface 204 of waf er 206,. rount,ed on carriger 208. uch as a wafer

ol § epvbertind sad ibtiBee SRR BN wrterhesn pdebeHiE Sbove. 1 or
exanpl e.  Thg «pRk uANMIANE8RExRRAed PeMBStRaIEwW LoftRE fifsh cinbOdintint 508stthgOf

t he wafer 20% utilizing a polishing pad 209, which may include pads sold by
Li nearinPigure KBrthad botteros ofjthe strmatyral elemzenys adRnFaghrerdActng f0ps of thetmiciyabsi ve
pad 15 materials, etc. In general, any pad material that enables the

desi rg"ﬂ“ﬁﬂtf"shi ng levels and precision can be used for the pad 209. As
descri bed imgiRE8AdeiRbhgPSA NV hre ChRriRIBciREtIVeOFieWR T NEideRMas abihe
measurenents of the forces identified below reduce the need for the

medler | suucwfal slerhentnshovaca Higuedsensat e for nechani cal tol erances di scussed
bel ow.
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Figures 5B-1 through 5B-3 are enlarged perspective views of various ones of the
structural elements shown in Figure 4A;

Figure 6A is a plan view ‘of the wafer carrier, showing various lines at which sections are
taken to illustrate internal structure;

25 Figure 6B is a cross sectional elevational view taken on line 6B-6B in Figure 6A
showing the main bearing housing assembled fixedly with a chuck bearing and load cell plate,
showing bearing shafts of the plate in cylindrical linear bearings on the housing, and a center of
the main housing pressing on a loadl sensor button of a load cell;

Figure 7 is a cross sectional elevational view taken on line 7-7 in Figure 6A showing the

30 | main bearing housing movabiy connected to a retainer ring bearing plate, showing a bearing

shaft of the plate in a cylindrical linear bearing on the housing to limit movement of a retainer

ring base mounted on the plate;




One notion of the polishing head 202, and of the pad 209 on the head 202,
for 20 perform ng polishing of the wafer 206, for exanple, orff,ﬁﬁ:ﬁﬁﬁés ng
the pad 209 to be conditioned, is rotation (see arrow 209R) afo
respective co-axial axes 210 and 211 of the head 202 and the pad 209.
CGenerally, the head 202 is nounted to prevent novenent parallel to such
coaxi al - axes 210 and 211, i.e., to prevent novenent either toward or away
fromthe respective wafer carrier 208, 1dor exanple. Another notion of the
pol i shing head 202 and of the 25 pad 209 on the head 202 for perform ng
pol i shi ng OﬁléuﬁeSYﬁf@i'bssZ&@tloﬁ ﬁt!ke@?&@ﬂ@'hﬁe 808 inFureFabiioRang hRiliRAGndGEnaNd
the pad 209 to be conditioned, is novenent horrzontally (see arrow 209F

|t mayvireous cdenestasthat supply ﬂmdamsmdm the Maifar poHsigug; es | A and 1B, for

exanple, that a force FP—Wnra i e i,shi ng d 202 .to the
ST AR-R T e MA T AR 8 R N R

| ocat i t fromthe 30 axis
212 org@érem geglil}%g%gg?lﬂye con%%%ﬁdg‘?‘?gﬁﬁé?%h@é@g?gﬁggoo 1 introduces

f1exibilityFiguold ise qrodsi ssbiiorptakgrealahi dine b-10tin Figlire A dhfough aftuidmasHokl

removal rates on different regions_of the 24 FEB 2005 osed surface
204 "of alic}ﬂ@amlgpl%éluseﬁqm&elq ﬁél&@gw@t%gewwﬁpre&?ﬁ%m%@ﬂé? EPPAYEt enrs

wher ei i g@iﬂ% M th the entire exposed
surfacg 0 Sqﬁt“é Bﬂfﬁ%}bz{%& &e&%g erture W{}g{%rﬁ 200-1, at any given

time T, thBighke el dfa @ossaseedornd side elsvhdedal sienf efake Olﬁucﬂ{ﬁ&:apngpﬁxi hiadeell head
202 that is in contact with the exposed surface 204 of the wafer 206 may 5

vary. Platedliysteating the platerpsscaniplad By serews tpan upper septisasd the RI'Gyr event i ng

nmpygment of venent
(se(g up porﬁég‘n Egﬁ%k§%§g&?—ﬁ ure §%§ c}grg%bﬁgom g{f o rn? Pgﬁoég%t%lgoward
t he pOfdtﬂmrﬁmgmel iRy agupd pmlt&ppdn)di logatatHeovafer drPié omatyurt ohsekd mridreal
regions 204R of the exposed:surface 204 of the wafer ZOLGFSlgt hereby renovi ng

excesswwloepeam%meﬁ%@l&wé%Béﬁa%h%ﬁgl%mow Aat a
articul ar such

Pal bes o cridhle L5 B a crbly seouiofhl iy BPLy oRBaBbfifionbe Prlth Sgé\a’%@.“‘?e )

di spl amesindrairgziani ditdngagadopusition seydndmitee wefeatd faeilitaie rancehbf tie veaters 21 2

of the wafer carrier 208. The central axis 212 is concenflic h a central
axtys oframdhe pigfencarisr. whseindiigug 193 lﬁﬁzueh?rﬁlgﬁrgeﬁwﬂ%%ﬁlm%

di spl ace”e”iﬁ%%} L&‘& id :951‘6? &R Eéﬁdl%%&‘%&@{eﬁgrﬁgéf p%)g e é‘ﬁ%&@ 7 shoWRESHE ed

hori zont al | Igures tood fromthe arrow
209H 1ﬁat:i1hatmtghﬁispni a phﬂnsh@gmmhcﬁﬂb faaidtan&)s;eaymg DA ovaterl dnyo ahdsecdrtheeafer

di fferent ones of the sel ted re of .the expose rfa e 204.

Al so, | Whle fiecerporsd Sifase e aferds B Q@?é Wherg figusd# W&Pr‘t;%rri? rdi ng
to the i splacement DF-W Thus, for a given value of the' force
FP-W a Hﬁbﬂ?f ygutrﬁﬁgol i shing head 202 to the waf er 206, the pressure on

t 20 exposedFigute EDistaabesthertgn mkeﬂﬁlabﬁg\l\:nbllsﬂé 1hé“sg1ra§At tlhﬁ)t@hﬁb.e phaitérging
re;gl on, 204R i ncreases._ For purpose 2 es tion, iris.tq

under sP&6alkupiting @ quiies forppngying s w"aﬁw bash YalsF F@H‘W‘Pfﬂg ° QPP shing
head 2Q2q0n the area of the region 204R and this average force is said to
be appli ed at the center of such area of the region 204R It may al so be
appr eci at edFiguats 160\ amd 1@ ateyexpiided ipetspectepisedof thy fiost ent04Rnatft, rﬂlharatmgf er

206, even amount's of pressure shoul d _be appli d%t\g@s]g%'g‘ﬁ Reesﬁné ose
and com%}spedl%@e&@g%&ﬁthem%ﬂaqlea%ﬁ i g g iatrs
regjonﬁl cArnfiV4R i ncreases, for exanple, the force FP-Wwoul d increase to
haVe the anbunts of pressure be even. As shown in Figure 1B, there is an

initial ori @iguad 1DA 104 threedivadneionZ0Ehametiobietvtuhowadgethe structural elements of the
puck carrier of the first embodiment, illustrating the bottom of an upper section of a rotary tool
changer (RTC);
Figure 17B is a three dimensional schematic view showing the structural elements of the
30  puck carrier of the first embodiment, illustrating the top of the upper section of the RTC;
Figure 17C is a schematic view of the wafer carrier, showing in dashed lines a spindle for

supporting and supplying facilities to the carrier head, and a illustrating the polishing head;



carrier 208. The initial orientation includes an initial first @lﬁgazﬂu?n
of the central axis 214 of -the wafer 206 and of the central axi® 21 he
wafer carrier 208. The initial first orientations of 30 the axes 212 and
214 are, for exanple, substantially vertically when the polishing head 202
is designed to rotate on the central axis 210 that is also vertical. The
term"substantially vertical" is used herein to describe the present

i nvention as defined above. Further, iH the sane 24 FEB 2005 14 exenpl ary
situation in which the polishing head 202 is designed to rotate on the axis
210 that i sFighsol84eatplaadiewtdfiehd plickicatried)shewind iR aldii WHRE séctinas R
initial orientation of the exposed surface 204 of the wafer 206. The second
i ni ti dreeBrakent ation of the exposed surface 204 is positioned at an angle

(an initialgapal f ninety.d ees Wth resp to. the pnitial

subst anti al Flgﬂ%eﬁ% féaa] e\ id %(téoﬁltqg%fino‘ﬂo’b% ﬁ?eﬁeﬁ%éi%é & F{ﬁé"% éﬁ’t S:h_ﬁw_‘%‘éacﬁ'ﬂ‘ and
21 4 ofconligit ed ek féPEt@ridiniil wHeerMeSPuckPpropBr1} bR tRlsiRRR: "1 ni ti al
orientation” as used in this application, t?le word "initial" designates the
ab@ve- descrFigug 13B ig nicaess sectichdakencdongstines 198+ 19RinBRWY 18 shivefngradinehe pad
209 of, th 0l J shi ead 202 engages the exposed surface 204 of the wafer
206. ﬂ?&gﬁggﬁed{‘ﬁ@’ﬁﬁ%ﬁg‘] Wthere is initially no force FP-Wapplied by the
pad 209 on piberevifigh cRRO sectioh Quieh QWrRline200B)in @ 8@8?&}&&'@@9%&&%@%&“ the
use of the subaperture configuration of the ClYI P system 2(5 -1, at any

gi ven supplying DI whier foripaygibgthe puak oathaochuck; t he size of an area of a contact
surface of the l.ishing head 202 that . is_in_confact with an exposed
surface 2161515’1‘“%(16&8&1"32%8%&8%5@8 ﬁiﬂ{‘gelmﬁé&l%&riai $RilAgShosdne BegactiiRh ti e
T10i sc@ﬁa@i[c,ﬁﬂn%gibh;eagftﬁéﬁgckﬂ%%@t whi ch the pad 209 is not contacting the
puck 218. In addition, 1 n the subaperture CWP system 15 200-1, with the

pol i shi ng Hégare233s hetads sgptiionsltviem vé therwafencartier tdkereattancmghef tottheplanest 210
and 21,1, as the_ pad_.conditioning. head. 220 is _npv toward .t he polishjng
nead Spbtraiied BB SRS T El P 63 it Grrscasam popat” pecdeymiBoiianep o
condi trf aﬁﬂfﬁr%ﬁgﬂgm@@wwﬁi@r salieehef she®inie 4dHixidd n%%{qﬁ a%%ﬁ-to@e_ such
sel ected regi on 216R of the puck 218 of the pad conditi ori ng hedad 220 is

al so dilansitheanclfidesithe carriecvantto dueatehabl water partly ioai dinbctimiof tR22 of the
pﬁg 2%. angi ti onifglﬂe head 220, which is co-axial with a central axis 224 of
tha pditk"2I8™AS &fﬁl?lﬂgﬁnéure 2B, the displacement of the force FP-Cis
i ndi cat ed Ipighdes 83 thtbEets B BRI Endels ifudttilB 3pREN AV A0S Alethbds Bf the
Figures 1B and 2B and is between the axes 222"and 224, on the one hand, and
t he apresentiigverftionhandgol i shi ng head 202. As descri bed above with respect to

the f > \W hei, FP-W the f FP-C i
force. o mu&HEyS i AephSLRPERsly ifapnghow Mepeiis deming B SRREU B, ons
204R appleyaihdiQinzegiies &i@kﬁ&mwﬁdﬂ%wermwbéttaeem%oﬁgﬁﬂ? lbadl YorStht baé hafy, i n

whi ch the polishing head 202 is designed to rotate on The axis 210 that is
a0 wad theogtaimesgingtiodiwater, o therasherthanthere is al so an initial orientation
ot the puck 218 and of the pad conditioning head 220. This initial
orientation includes BetdtiedDésaiiption obtlieccPeeférired Eaibsdimentnt ral axi s 222 of
t he head 220 and of the central axis 30 224 of the puck 218. The initial
third ori entsinvesorik defigibed @6 LCRIFENEIeA? 4nd nsthd Rl whicABNaBle pretisibant i al |y
vertical when the polishing head 202 i $ designed to rotate on the axis 210
t hat i ecmdrodled pelistingpf arFerpoped surfage, twiticls may incdadplageysusfacentof enwafer. ke h

t he poli shi.ng head 202 s 2.4 FEB 2005 .1S.designed to rotate on the axis
210§ RGME kel B8 o Rubsytuling, Pl diane e e i SHed igh SLRLS G bl

| D5t abffatd, and adgeburifoft &eecex RASIBAtradtifeafiRl cPebaths hﬁepre_\i'ﬂédgﬂﬂ% faclitgtel OUr th

initial orientation of the exposed surface 216 is positioned at an angle (a
first waking)yepdatablemcssudugensest the etcentipiootest n suvk CHIR syatenssuneltrasthods, hy
verti cg)l or i ?nhgti on _of the resH ctive central a>§3es zzziei{\d 224 of the head
5 220 SRt YPIFHE PEUKICHISHCD 452 WHIST BhPUkCaTtic, may begrriatesy MeAsired ased i n

this ' ' ; RAF AT N EY: 1N i . : ri bed
M R R e R s i R
pol i shsystenheatim2divde hgapths abine-despoiseiiepentitde encadiiemint featupess whtld8. Thus,
tS@re IS i.it%al%é no force FP-C (Figure 2B) applied by the pad 209 on the
ptidk cRIViciAgTagditics sypplying thuigswithin pegrriar do theguipler ond a JradersyPpore withew| ar y
situation in which the polishing head 202 is designed to rotate on the axis
210 that is vertical. The CW system 200-1 includes nmultiple |inear bearing
structures 230 and 232 of the wafer Garner 208. In a general sense, the
-structures 230 and 232 facilitate nmaking repeatabl e neasurenents of the
eccentric forces FP-W Thus, the force FP-Wapplied to the wafer carrier
208 may be accurately




15 measured) as defined above, even though such force FP-Wi2 %Egsngnggjcm |y
applied to such carrier 208. In nore detail, the structures 230 and 232
enabl e the providing of the above-defined accurate indication of an anpount
of such eccentric force FP-W Describing the term"accurate indication" in
view of Figure 2A, for exanple, the referenced repeatabl e nmeasurenent
techni que may be described in terns of many of the forces 20 FP-Wwhich
fromone time Tl to another tinme Tl hame equal values. By the present :
invention, each tine Tl those equal forces FP-Ware neasured, the neasured
or indi ' Lt héan s e I I qual
cccent 1 BT GolRGTARRAMS Sty GYIP s A o B
car ri efludd33rorh alie wafenpt puckidarries withobeinmattemgtwiddthe [(EviPapermohani cal
devi ces, the structures 230 and 232 w || _ﬁause_ sone ag)g%tnt %&ef erred to as
a force FF,Inghe folloying descripfien mimeps specifip details ate sebiOsiR P opder &y Brovider \w ¢ o
be | osg ongh t&n&érs&ﬂ&in%%tf Meﬁééeﬂﬁnvéﬂi&nh'l? ﬁ?ﬁé Ederstbb® Ho@Je@ﬁl‘? REGE skilled
repeat B he RSt enen echnrque i’ s oné wWhi ¢ , tor each such equal
ecgentinitke Argrthst thPpibertigventss nal be@raictd withbhi sonider alleafshi¢cse detatls sirst em
and within the systemfor supporting the carrier, will be substantially the
sane, 4ther instargesavelbkeowir pecesssperatiogs previaabep deseribadindestl tavnidn cal
structure bet e C - nd the structures 230 and 232 as

Hisfoste YE AL ORIl R

descri re 1 s no FF lost in the carrier 208, which

| eaves onl yrerfins@mRpate 1 A0adi1BY tHetd 4Gthematitally shelvi2 3 Zirstentodimem of dfe t he
force FF for a particul ar respective neasurenent. 24 FEB 2005 16 The

st r uct presenpRyentien, iesladipg e subapertarsi VR mystem 20-1.e kbepmbadient pBiguEs dponent |
FP-WV of..3 he. force EP- ljed to,. ' . i £r..208 at
(10T B e e S PecrarloRR e e R D N 22 N cpfin iy Pplen

or i ent gipoSdtl sukfabé 204 8N4 fhafer 286 Snotbikdaln 4 Serived(8) swohr dsiaewaféDarridi €THel weefar
beari ng 230 assures that the structure of the wafer carrier 208 is not

al | owed6 wayrbe any af tha waters descaibedrabavsy fargxpmplso dde nobsking heath2Qis detigned

1o noto e BRGSO bR 200, PEERSHY Fehdl B

t he i niold By Lireaf PoRdhe TedHnoWy @wy,hma?espﬁcpwmmmsr fikecdhatasivdgadand 214
of the respective wafer carrier 208 and wafer 206, except as follows. The
exidept materipls, ethaln gensralednarpad anaiesial s capkles the degired padishingleveleid ted to
nove only. .paral r 3 : 10l ti i i ations
of "t noBe 8RS bP s EER pRRR0E R st e Bl b SiSeaRiOE Y PT
t he vepmikiaarepeatplnaedsufdhd\of tht gute idéntitddeeidw aatiioe the peart for theamaibrislhr ee
of the multiple |inear bearing structures 230 in rmreeﬁietai |, and Fi gures

SA-1 t¢¥frseolynads/209 togampensis (05 msphani¢ telarmcespliscussiPe{ M three nultipl e

| i near bear) i tal i i [ i.Ss provided
wth e g sPRdEER dihy BARHAR 1B 20k BRIl G P LR B0 0o el udes
tptee perReM@se Poifhigasiithevaid 206, fos examsle fordor erbiing e sl 209under t he
thademar k FRELON. The FRELON material is inpregnated with (gardd Parftthcul ate
mat er i nditianed.gs Fotption fsep &Py L08R Arund respestis conpkialfkep 4G end 211 of the

wear - r esi Suli e - - ford t RS

G armet 20 208 8 e AR BN e kg TBY 1B ORI bRl PRS0 1y
be |i ngh cbgdsl H@s Mdolehd Dulther, td-pRSemahaovdayenPaithdritowBribon avgyy fA8n die

Rockford, IL. For illustrative purposes, in Figure 2A each sl esge (£54 IS
depi ctwepasyive patasaries 2B fopexample] Anothenmption o6 (e pulishing head 202 pndiofber om

2 to_r jve,a .t i eard no. shaf.t, . i i f .

P e TSR R OE S TRIro R dRlni6 g Br B 206 et P s pabling o
from s{ahBAE3E2 Biele pABROY kdbe copdili@RICisThafednten? h8rizamitalhaises amow ROSHYlETt

di aneter of about just |ess than one-half inch so as to provide a clearance

of no inegbe uhders©@oddmn theraroms200Rkindfigires 24 apdd Bhder exagiple thpf adarcs AT We

ol e babLLe RESE T bl Se REGEaEo b et ot ad e B I EBR 4B S e
about  GfgAR thcaiong Uﬁfc‘i\gécajtiiﬁﬁbﬁr% ih@Bsted Bk Sbpihéerdait [ Ve RiéasurBVaoH] thef r om

a chuck bearing and load cell plate 260 and extends through the bottom 256

arl i naxis dhzoo2l4.he sl eeves 254. The mmin bearing housing 250 is fixed to,

and carries, a vacuum chuck 262 of the wafer carrier é@& Jhe 30.chuck 262
sdigxabjlifygin

carries t helhapehapsngre cRAngyraion Phibe syt gt rodigs heCeccentric
force fdfishing diftkith g B Rert BRI TRARAAL Al BECIRIAE rdRfhs of R FES
2005 ggls%gcéqéte a o@gf gEfei(:aenlBﬁs ows the iladnisti al ori eﬁt at isoon of the
waf er Garner 208 and the wafer 206 before the pad 209 of the polishing head
202 engages the exposed surface 204 of the wafer 206. Thus, there is
initially no force FP-Wapplied by the pad 209 on the wafer 206, and
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the pad 209. Thus, the structure 230 is resistant to all exc p% F@e
--vertical conponent FP-W of | 10 this eccentric force FP—Wagp i 2005 he
waf er 206 and to the carrier 208. In detail, set 252 of three bearings

| i near bearings 253 assures that structure of the wafer Garner 208 is not
allowed to nove in an undesired manner in response to such an eccentric
force FP-W Thus, the linear bearings 253 assure that such eccentric force
FP- Wdoes not nove such wafer Garner 2@8 nor ‘the wafer 206 except
vertically, which is parallel to the initial first 15 orientations of t he
res pec%%%&e@ EAcR1202%8 thedateAIsh, A4S the Beofe%@&%ed\e%nvaftehap@w §fsteRBB and
waf er a result, the eccentric wafer | oad FP-W (shown in Fi'gure 2A
act i ng wiwercithan satire Iponﬂﬁt)g hendrpad it inecdntact withrihd entire efased surlfaca rof tier wadiir,tin

the mai,n bearin i nd is referre asthe itted vertjcal -
force é‘tﬁfb‘gﬁ%‘f“gf:gm %‘?eg&dic% apy Bhishee %b 1?% Offma f& @ caniaehsufiges o
after F pl e
" hear O Hel 202 HESISh coftory i e expbich Bltdopab ot b Wafe 208 hdy
bea$ i ngsry25f3 addihen,an tieeysubGpertise CMIP bgitere 2004, By predenttrtgemcmnattlo@ theof the

multiple linear bearing structures 230 into parts having_ a short Iength in
the di PEPiaEAN ead L2 teward te walereapier 208 gmewement dses MptRordon of 319w d33.0 t he

di anet

Vor cov S FARot mE b i aY ark e YALLBIR AR 202 Ssh U P A hforce PP
230 25Wabnlyno beletky rppasad4Rnifehioatppsed iifide 304 of thelvaferEich tHReD y(rEingtHing
SB-3). In this manner, as the wafer carrier 208 or the pad conditioning

head 29¥reppmateaialsiirrm ghase selegtegregians JO4Rs pxshushYely il p wREeHIar titie 8&-Hdar i ngs

f
e oh e PR Pl PR FE MR ool SeBERRNEHE A G ubEx b Bhuride 34 B
| oad celafer268 i cﬂisgudseﬂslozﬁoﬂuaﬂy §Bnd Jor ea'deetﬁmﬁnee kd, a&@ﬁuﬂ&mmmﬁtae staferdar d

strain gauge such as. Nbdel Nunber LPU 500-LRC sol d y Transducer
Techni GiFEET 205 Hherrentplaxithl2 Fianqensir ‘c'efua%fyalw@lé qfé%weteﬁgph@m&ﬁge of

froma u f EE er a
more adbiesedie 28 2hBn G ol RenbH RO RIPIR WICRIMIGBEN Bl
about iseﬁensu@daimubntémﬁhrpagﬁm 1(Af 1Boas®2 AT emhphe uﬁcﬁrftoa@&onstheeﬁummn%b
t he chuck bearing and | oad cell E@ate 260. The pernitted novenent of the -

malh bhat thsPolshiBe Repdi( mayaove na%rtt?ltﬁharesfcqnfpét fliffesent ppespf the seletisdy by,
t Rad f 4

CFi gur SRR POARS BAd08ed quffide 289, Allob Rl oF g4 By PR b A dhe

uni f or BO4R pall ivady dcberdingnosiedvalegobihe diplddenitnt DB-WafThus,406a given valuergbities

uniform or _even, amounts of pressurée shoul d be atﬁl ied to the different

expos efPrembP-¥ applisddy thegrbishing head 20R:torthe wafeg 206the pesulrp g8 dhe axmgsed an
cont act &g Jt ag %)Qﬁ%vhﬂ% 1%?5’5 She bR%G of bn J0BR B&E&s%s Fﬁoé/ié H%]e‘é of

increase to e anpunt's o pressure be“even. |nce the p I ng pad

2020 nodessriptior, fes db beumdemsto@ﬂ thahthedorca WF2001 adluiverage fdree poplicsitbyrhe '

ogeratlons perfornmed on ~ 10 wafer 206, and because such ollshlngag
ted

mov emePRlIsaHigdised 307 pa f%%reapéﬁ@ rggiop HQ“%@&I@H VerREs Faco irid v hseAphh
b h f C%%ﬁf
v)altr |t eg gggﬁég{)fﬁlﬁﬂ ragjgglgesllte fonl %Uﬁﬁﬁ ay(/ar I o g‘ditcgartf%cfﬁﬁfg% IFHslf per garred and

t he fotheexpbsetlhegivms H4RCaf the araféf(m)sl, evenhenaipiesichredsurcshionhl Hesaplied kothei gur e
1B) is _adjusted as necessary to provide the appropriate force FP-Wapplied

by thedlﬁf@rqné REPRyes avr oorgaciedl fogioni20dR. Agethe areaiof dherexpragdeandegantasted zeamnfhe
I

225 SR eBath KSR, iZoR Tr NERolRAbICOTELENEN Rorhfh O BULGR O,
provi dacénvvl th a second set 270 of three |inear bearings 272, i ncI ud| ng

three sl eeves 274 (depicted by spaced pairs of circl e@) The sl eeves 274
have open bAssbemn ZVElgtltf? f%dber@es rminitiy asieatatinn of herwafep2@H aurbef be 8@ig0 as

upvvard n The. shafts 278 .are nmount.ed i he g

boar | ngra s A8 gttt Bet i B g SRABHEE of P RACLIE b D o,
283 i sthdiwapasiosnRd df %dD@InfBaI alif 213 6f Y v Fer'GiYSeri0B3N Thidenilaptifst aﬁ&tﬁﬁéﬁﬁ dafve
to the plate 260, such as for vertical travel of 0.050 inch of the retainer

ridy 2®2 axd&@ﬁomulﬂmcmﬂexmwlgeswkfan@aﬂmvmgmélym thgpohishinhbedsei2iings

253, The reta r. L bear.i n t 79 is ecu "
Forni niFEAG b oage rymsets il et el T o ubsGatshveuta
desi gnﬁ@sé@héf&‘ﬁeto\ﬁ%ﬁdb%ethé re@ént lihvEntied ag’lﬁeﬁﬂ'ﬂ zib'o'?@aFuﬁﬁ?&r fnr\ﬂé séhé of the
second set O, and Is for exanple move t hrough the same anount
of travel (0 050 i nch) as the pl ate 279. At the top of the retainer ring
base 280 a retainer ring 282 is renovably provided for contacting the
poI | sh| ng pad 209 The ret ai ner r| ng 282 |s thus mount ed for novenment

P o ”~




24 FEB 205 19 As described above, Figure 1B shows the initial orientation
of the wafer carrier head 208. The head 208 includes the ret |ner ring base
280 and the retainer ring 282. The retainer ring base 280 s ?Qpﬁld is -
spaced fromthe vacuum chuck 262. The retainer ring 282 is deS| gned 10
engaged by the polishing pad 209 during the wafer polishing operations, and
the polishing 5 pad 209 inparts a force FP-R on the retainer ring 282. The
force FP-R is eccentric with respect t# the axis 212 of the wafer carrier
208. At a tinme TOPRR before the pad 209 of the polishing head202 engages

t he r etxgimpdary siturgioB SR ; whzinh theipelishing headrd02ds desigredae r@i@tk dnsthy exisi2¢@khat The
surfacbzel 284 , Iﬁ tﬂgtﬂf@ the I tal ner ring base 280 and the retainer ring
282 i taﬁ@P dng %deﬁ RiSeFd ipitiah oxigntationrel the sxpaspdaurfaceq by

the pash2RSnOWath90s SFaL §bnd irggfg%%%ataae of ﬂ%%%hée‘ﬁes?ggé‘é i isPBSifio $£ata“d.

288 of the retainer ring base al ner

r ecal | aanighetan iimitialhmgley efpinatyydegrdes atiito@spdche e hnlﬁblll S%Dsthﬁ@edlyz&&ldaiﬁ ,
desj gned to, rotg}e on the axis 21Q that is vertical. Thus, the polishing

head njod gherepetiveprniiak ates 24 2 app2itt o theicemiar208 ans aktheiweferdds. t he

Lﬁﬁﬁé?eras S e R R e

det ai |thetah@esdasuﬁisdroe1ea&aoﬁmatbbém 85 (R ITOPW AReBERR! BcPaal0y efart s of the
eccentric forces FP-R Thus, the force FP-R applied to the retainer ring '

282 meBplishing beug %Q?efrlsgaaet?arbe P&pseésurémzeé@f ;ﬂt?o\b’efef 80@nThuso algthe SoehlGBN ce

FP-R i I In nore detail,

t he st@ﬁ%ﬁ%@%@gﬁgﬁg B1'es t%@ﬂ%rag f%@ %gvrei%’gfl ned accurate

i fdi cat i on Fifu@s 1 ANDBN4ndofB 2@o Shed tmeeﬂ{eruse of afecsab e(Biﬁlg%IrJtiéﬁtoF&fé 232
Is resistant to all except a vertical conponent FP- of this eccentric

f or ce PHPRYsiSM 30801, tabanyhgi ver tigerl, theremayde a wafmauen il the sizeof gpareazd aof

three A assures structur tai

g 2P53E! 8ot bERR poR9Rhy R 2 nAR Y Enet gt ofiobt gt dB0EA BbeIC
an eccHtmomtddsce padediditidhing héadde220i IS0k tiBRAT1 RUFe? 47 imMRalARHATOPP Bt such
eccentrl c force FP-R does not nove such retainer ring 282, except as

f ol | ovieh Chrrbé ned 289 h%?OtrCPﬂ@CQ@thP?UE’é?WtITe%F}dG'éPmmﬁle\ﬁ@b?P%@W‘} Sfsteint eI to |
12
15 LS o AR5 1 A ROV ka5 61 oK PRIBFEY S

( showrtlil pasthg pacecdtididating e 2220 niov k@ kdvedrd Iﬁhdllgolﬁ;&i%bg, hell 203, the @olighige FF
relatin to the structure 232, is transferred to the retainer ring bearing

pl at e 157é 202 applies gaqthen force KRsE Figare 2B). psiopditionngdiossss onlp. tpzzelemqi éqgiqm? t ﬁ
Fi ,
Lo AGRAARER 2RO ORIl 1Iith PR BIGE BLAPYIL Bthe pRE BRELANO! "

t he mitead aza)fs dldoadivpbced fomn roreccshfiic tdlatveits, d danittabakib P22 bethetpadct ure 230

2 FEB 2005 20
conditioning head 220, which is co-axial with a central axis 224 of the puck 218. As shown in

} Figure 2B, the displacement of the force FP-C is indicated by DF-C. The displacement DF-C is
measured horizontally in Figures 1B and 2B and is between the axes 222 and 224, on the one
hand, and the axis 210 of the polishing head 202. - As described above with respect to the force
FP-W being an average force FP-W, the force FP-C is an average force. Similarly, the pressure

25  and area factors relating to the regions 204R apply the regions 216R.

Further, in the same exemplary situation in which the polishing ﬁead 202 is designed to
rotate on the axis 210 that is also vertical, as shown in Figure 1B there is also an initial
orientation of the puck 218 and of the pad conditioning head 220. This initial orientation
includes a third initial orientation of the central axis 222 of the head 220 and of the central axis

30 224 of the puck 218. The initial third orientatiens of the axes 222 and 224 are, for example,
substantially vertical when the polishing head 202 is designed to rotate on the axis 210 that is

also vertical. Further, in the same exemplary situation in which the polishing head 202 is




A linear notor 290 is nmounted between the chuck bearing and Izoggﬁcﬁzly é)l ate
260 and the retainer ring bearing plate 279. The |inear noto 0
preferrably be provided in the formof a sealed cavity, or nore preferably
in the formof a pneumatic notor or an el ectronechanical unit. A nost
preferred linear notor 290 is shown in Figures SA-1, SB-1, 7, 12A, 13A, and
14A 5 including a pneunatic bl adder 292 supplied with pneumatic fluid (see
arrow 293) through an inlet 294. As shpwn in Fgures SB-1 and 13A the chuck
bearing and |l oad cell plate 260 is provided with an annul ar groove 296 for
recei viagmen o Rltae 48 the’Bds 210 hat isRBAvelRaPtheAidl Drichlaf6h incRldés Aeduse €d by
supplying the fluid 293 to the bl adder 292 at different ampunts of pressure
( PB) ainetaal griegfation ofthe grposed swffaca 246 oif thedpuwk2dRe The fourdh initid deent2®sh ofFor

exanpl g, 10 referr] to Figures 12A and 12B, a Xi mym stroke of the

b adde&‘efgﬁosﬁﬁﬁ“@%ceélggs PoRiHOTRIAL o gkl & irst argle) of RS RESEPFR AL F0BEGS 0
conpar gs ;i i I: L i Q&ﬁ%) t i may
be 0.0 |léll§ﬁpsué§t;aﬁ%% pvoegﬂéiﬁgﬁbﬁgééféfp%?g%? t he CB a%leagg%%ﬁng{? %g%gé%h%}g be
fix@ed 220 drideofke puckel18di recti on, such that when the fluid 293 is adnitted

into the bladder 292 the bladder will wur ge.the_pl ate. 279 upwardly by a
di st ance colyBepbrias nigntiad origrtaticn’tas Mgedin thisiapplicationg theyward piniligd o also 92

It ae filuid 293 Tk i |
rove. ¢ LRl d Aoy PIGBSIHEA ofbndih thabbeufout nd e YRRYRL VRS Werad 080
280 andf thbpokisiigd i 202rpg2R2 thayxpbiat sublase 2IGopthe pucleR 8. Titust thetcie waf er

206 positioned on _the vacuum chuck 262. The pressure PB of the fluid 293
may belP&dlygr fREis i< EigwredB) applied by tha rad 309 op hembek18.prel i mi nary sense,
thgy fluid Zﬁéfeiﬁﬁgéfs fIBK‘tﬁélslH%l&c {o%ié’-ffﬁ%t IndRY fhe el m’ﬁb?‘%iﬂ&ﬁoﬁ i\ghief 0 I nto
one of three vertical positions. é pressure PBT e I'n a range of from
about gdlishitig Head A02bodesighed enrdigie be thesiis 2 f(Dthaeisaeqical. TheyOMPssyddA 20041 13B
are cross sections_showing the retainer ring 282 in one of the three

posi t i BRlidesmyltiple, iarne By ushires 130mmd A3 20k dhe welsr pFier 208y Ipggeperabunay

’ _ _ ) .
vacuun ERac e s BB R ol RS O R0 e
not i nfoecek APeWM THus| edyme RPFW2ipplibé tontht evafdarder@08tnkey sdutcira®bP, and t he

pressure PBis |lowrelative to the pressure PB required to position the
r eblai nBE2surssly apdefined abpye, svebthopgl suchdpece FRY isiegeantdeally; appiedioanah i n

Fi gur e&nﬁ%@?@r\}\#ﬁ’% &R Chh M&gxtets Ha§had 22)? \S‘né%fle ﬁﬁ?r%@flﬁg PR do90eBied NE

retai ner ring, Is referre 0 gener y as hi ng position,

and asaadtemes indedtitebbay amoutetadisich evagnttie farce BRGW. of positions parallel to
the axes 214 and 212. The 30 general pglishing position is the position of
the ring Zggcwgmggthgéqr}rg tﬁcﬁ‘&g@fm@lﬁ%“%ﬂ’éP’I@Z‘ng.lgllgﬁfet%’sf%%% ¢iBe posi ti on,
an up . . : . : Wi t h)
o copl reronteitiRalt At EhRELG bbb Ecrf g TRIFRTr Bt FYSOR%S
shziinn FR-WivdiictefrdsiRneitime T2 4o &tcfhe? Gidke P1 havecequal vahesn Bypihksiprdsont, ingention,

peri pheral, e 301 of .the wafer 206 is surrounded by ap.inper wal] 303 of
e re?agﬁﬁé?eq?fﬂg’%@al Eeract e Y6 arcrmeasuregotic peasyisd of indicalst walug 1s tiagsw ed,
t hi rdl y;mEi 2 EO R | b jner -
Fing 28BS S fiehtlcc SuAMICCERAS IGEE FERY ft NiERDY D Atind

| ocat i pagl 209etolad @ufe? Ofirien 208 doSexmatpia. elt if tiol b d8rsajodithat ag avachanicdldekic2§2
with the axis 214 of the wafer 206 co-axial with the axis 212 of the wafer

car ri ethestactugs 230 an 23 vitll Gass sepg amoynt eferred ftorame fsce B qriadpiction frce

: -t . . . r
555 brTERY (FE0Rf foocfilic PEATOl (18 168 BoR 3 BHE ICHORER Y pilieniBithe 2 1
2882 | mfeabrived répratablennsetireindrit 22anidQéd ivdnet wikichafoe EachOfuch eqiad etdentrid foraase

of placing the wafer 206 on the chuck 262 within the retainer ring y 10
282. | FPYbrte dnss &f force KE wifhiy thegnepsprameat systeen gad svidin thetsyster) fpysunporting

retaingr ring 2. and ten Q./mve the rin 2 centrical.ly. r,

the | 1 eSS APRbe NG REHT, b8 sTRET o HEphlD o Rres R B P Bt s RIS
and of oftecHaaRel ARRnAE BetWtel thefotdes #P-WPaidaht Slrudtfrek 280 and L3 2hs QdstE@PéAt | ons
of the respective central axes 286 and 288 of the respective retainer ring

baX¥ke  2igdowSthareds netfeica&F lpstrig tiRg2riea208, whivhlleaves ohly qahle separate bedring
d dl i t FP: f f FP-R (th t, FP- RV
boi o Srtsiie 20 A FPEROASHred oF B 65tee Bl Tat £ G cllar Rsbéativg SHERREMY( o nor

ring 282) is transferred through the retainer ring base 280 to the retainer
ring bearing plate 279. Also, the linear notor 290 applies an upward force
FM (Figure 2A) to the retainer ring bearing plate 279 that supports the
shafts 278 of the |inear bearings 272. The linear 20 bearings 272 al so
assure that only a vertical conponent Force, or net force, FMV of the
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24 FEB 2005 22 and noves to the right and gradually overl apg%?g rg@% ner
ring 282, there is only a small initial area of the retainet Tt 5

over | apped by the polishing head 202. As the overl apped area varies with
such notion 209H, to keep the polishing pressure constant on the area of
the retainer ring 282 contacted by the polishing pad 209, and for exanple
on the contacted areas of the 5 exposed region 204R that. are adjacent to
the retainer ring 282, the force FMV Afist be varied. As a result, the
above-described polishing position of the retainer ring.282 is in detail a
range of podifEiSHHER430; gﬁfrﬁ’é@ma]@ctﬁrf@ﬁiﬁgmtto allteacept evesicEMomponent BR-VENpifi ed

by th ' ing. { d 209, | t _the pol i shi

o o5 o hEoReI W biiheBiS (oA R ot ferire s s RERtiod Radls evremina o,

i |1 ust rvth 1gpeat lol the afitiAgaEt dMntalin 38 BRMRha384s 310 of t'g@iwfafe? Qar{af 29:};.r gﬁé ion
C

of relative npvenent between a main bearing housing 306 and a pu earing
and | odi@cwdienring 33Qaszors that thestmetusd dfthie twradidr camier 268 ésentpllawgd $6 tiose imm
t hegpol head .202 i s designed to rotate the axis 210 that_is

verti céllhaE y‘l‘ﬁ‘g"&%ﬂs‘?&%’ﬁpwﬁﬁ eerarizic feme & %0 al Fongrampleein sugh £MBear i ng
struct gysem 300-108uch BEceRaft ﬁ%@ﬁhﬁfé%@mﬁ@@h l%zlﬁove%@ﬁ %!férycaﬂgé%%optnﬁp el €S
nus, t S

310 are simlar to the structures 230. e structures unction 15
i n t he waéar@Ofaelntve taghe indtial fosterdemtohbeitht wesptitieicegtralfaxt 21 Bind T1AsRhe 30.

In nore_detail, .the structure 31Q facilitates making repeatable
oacur SRETIGC grafitanir A0 ahl &+l A0B neppic foliads. THESHCEREe B tappnfeed ¢ o

t he puekriddfoeaml th8 % afd0b%ke Rmitead Ehit S
defined above, even tahough se cﬁmforcg%@%ggﬁgﬁ%ﬂ%vygﬁggﬁ%ﬁjt{% such
pudk 2fisst grienthtéers of20se Terpestivewehwaleaxadd 012 hat 2fOrEheensdw 233 isyRirdlled¥o theng of
t he ab%%@efi ned W{K&e 20 indication of an anmobunt of such eccentric
force FP-C “OHPHHdre"detai |, the structures 310 are resistant to all
except a veHlguiabaGemmRaRhy B (06 of lifcd OF (e it ffe RRBA 1AL sdlGu U 50 218

at the location that 'is eccentri.c wth respect to the 1niti a\tlé')orl entggl on
of t heincaprerdgtail ind FizpesdtA-{ leropgltl 5 Aedycintl IFimiragSkd atircgh SB-B shidw shedrser

.the Iinear bearing.structures 310 assure that the structure of_ the head
2201 s MREEIe FREAtEs A er it dian e beamna hoyins 130  BepesRcbith adueh an
eCTENt 5t Q5% of BRed Thdar bERINeS B8N PESoR ﬁé&ﬁng SR GudL il Q'le%%%_z"s‘ac&cﬁ Woli&is,

permtted to nove only parallel (see arfow 312) to the initral orien Bti ons
of t hoBéds Bepansierial sokhunder thexeslematk BRELOMN, T FRELGNemateaisl @limpidpaardr ow

312 i lJel..tg th i cal: ent FP-CV. . Fi e 2B h ticall
depi ot SRR R Mo i R B st e s R hescasen SS aEmIsyPer
nor e dgdigble slédds B54g H‘I&?%aﬂt@zf\on%ﬁﬂf ifRdndi8BisRRRE atlﬁg{%gom&ft BhE ahd BEAT

bearings 310 in nore detail. The main bearing housing I's provided wth
t hr ee Quareaichesar Thegdeeyesimay e lincirigating dodebNunivecrFLOsbld bgPasifiecB@sing] 6.

T sl have .an .open bottom 318 to, receiye a . 24 FEB 2005 23
al Tow @ﬁg&zﬁf%e\%% a%?féﬁ’tl%ra@%%‘fp&fe@’ R e%%@%"ﬁ‘i %‘@VE I%gi‘ t‘ssg%‘?d brepasedeves
316 of pdikeflkirtRar ERgadéd 8253 SRR s lydgby
Paci fi% ‘Bear irrjg, of Rockf ord%ﬁ?ﬁlzé%gaéla?)r?h?ﬁle bear | ngs %%%’Hg%ge%%%%h?%rﬁs
exanp| $owaig Figuse ddpfoe ilbgtrativemiugpeses 28ai npwamtisnaaendingiihar Bdah shaftt258hown i n
Fi gure . e.shaft 20. m e de i.n the sanme manner as described above
5 3»1'thmfg‘gsfﬁgctstar‘@e?%s}ciH%{’F?éﬂ){-z @Fﬂ%@l%ﬁ?@&i’r G °R GuSHdrgtiameier of Rioua ¢ o)
and cajusiles,than SAUEXT 3R sOhs tRoPaE 2P0 éﬁae%hﬁ%sgfm q26@_1. mm%ﬂféngﬁé;g%%@

t ea s

carries the puck 218, which during contact wt e pol1shing
s ecdBdas @ sidedasetemtheimaxionmalloMable plosliciatme fonthei shatt @58 Bnd sheaslgvek

| oad i sed oncihe uck .218. ﬁs@g scri bed above) Figure 1B shows the
initi al{gggr*fz&ﬂﬂé‘% U thgmagimumallogy Wr@ﬁit‘g’ﬁmﬁé%td he sipft 25§ maybe phousgar 218
bef or esnld o5 b t ce
276 of L Pk 2 e oh BRNSH 78 PR U RHORER e SPRARGRlEAS

i niti adellylate 260 and cFPndd thppigh ek o256 and RS omdoft the slevds 48 ThaNdain

initiglly the respective axes 222 of the head 220 and 224 of the puck 218
e v PTG RO Pt BRABrad usaes AU ohisk 262 af Meavafeacties 20fa The

Sigpuatd shi a I | .rotate on the axis 0
e | LG 26T Eufies L Ttk TR e HRHE S iR Bt ek i 501

t he ecWemididated asraceafePoad (thpepet @nd) wekirt206al | y downwardly on the puck 218
and the head 220. The structure 310 is resistant to all except the vertical
conponent FP-CV of this eccentric force FP-C applied to the head 220 and to
the puck 218. In detail, the three |inear bearings 3l 4 assure that
structure of the head 220 is not allowed to nove in an undesired nmanner in
response to such an eccentric force FP-C. Thus, the |linear bearings 20 314
assure that such eccentric force FP-C does not nove such head 220 nor the
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24 FEB 2005 za not taken because of the above-descri bed opergtﬁ' glEBoszhe

| i near bearing structures 230, 232, and 3120, for exanple. The CWVP system
200-1 is not only provided with the above-described features that
facilitate making repeatabl e neasurenents of the eccentric forces FP-W for
exanple, but is also provided with facilities (generally referred to using
the reference nunber 338) for other CMP operations. The facilities 338 of
the wafer carrier 208, for exanple, indlude facilities 338C for the vacuum
chuck 262; facilities 338B for the bl adder 292; facilities 338S for the
retai ner riAgddRRAbedatmbveaBighict iBsho33Rhe Gifidrorichmtibo efitheetdfe@@riersid8and
facilities 338 are provided for the CMP operations wthout interfering wth
the Ovbe SipEr205 SRBre s e o ok gha rrdishine depd 743 engegeseihs FXpgred FUrfire gt d

Gar ner_, 208, r.eferen .S % t t Wel'® i i T es 3A
36, " arte Sateraor ARRE Snd® STBRER ol dfoel AP yEE B Y R ne bl tioes

enl ar gagd ipRIaBP G5 feviRchiv@ites 212 fof eay wafeSlartied 108cingI2184Af SheawdlcFR0fares SB- 1

t hrough SB-3." Figures 3A through 3C show assenblies of structural elements
of & heveirficad and advadil i e exemplary Finedtioni Aigis seceledithpt ingbe cxemplgr sidiaton. shéni ch

t he chuck,. beari and load cell plate 2 | S S ¥=Yo'8 .
changeroushipeTead Atk fofis'elRe sime Bn B Sl al(s HER, P Syl Moot
(Fi gur g R@p-W (i gh@ey) waidal19 ModAdak@y dhtRew el 206 andsthi hehd2(8L6Thdat
rotates and applres vertical forces in ugoand down directions to the |ower

sect i osin@tie 230is lingasindhe diredtival of iy @ds 210 eftbavpolishingheasand gf thegs 2 bt @l

and result jp. t fgrce that e palishin ad. 209 resi j | <y t he
For ce. B 2% Ty fefrochEe a0 R BRaR i SB0 Oik vyt ShitpbllafRE VIR,
al fP PhRVAcE&Rt Rod BPIW dpbRSd RABEWerI0BRn kdthe chitiel 208uch as 20 de-i oni zed
water (DI water) 348 and vacuum through a conduit 350 to the | gwer section
344 for useln detdiheet2iinfrinen boirings Jineavttiatingmi3| apsurenthat prucdye of sl wafer

separ at el, ravi des, the facili.ties 338S.by suppl yi fd ul . ter
3551 HPEUGIACE T BRAITeada et Paer S dT e o o B ek Rort
206 angpiype This itkielitdar bRirz8 3B Afuré tHagskA%eccAB: follesSPR-W ldecspotntbwe sBdlh
separately provides the facilities 338B by supplying the fluid 293 (such as

ai r unwefer prrdes2torabe wafes 29 excepd Naticellgsehi¢hyis bipethe dwtial 5§t 344 f or

opgrating.the |inear nmotor 290. Th R : i :

OB 1 onddeiasy ot M TearRl P p Rt 2 2518 g O riipR Y GHef ERrkf1508 and

el ect r jygfak 200NAS G &l PHRlecEHRME Watit 16EFP-IWShosaGh Figur824A. acling cosimweefeor on
the | ower section 344 mates with a connector (not shown) to enahl e outc{)ut

of t he26@f minusdbeifricsion feicg K istpmsfertsehte the w38 pesrngaupingdy IF giferre
section 344 and.the u e S ian PRAE i tﬁrﬂ% 1 - Dy of a
rel easS4t® h%Bmﬁ?cg‘r’erg%ﬁ fﬂg?ééxrngog%ﬁ% To r'eTlgeag)é Y ] 0|ngnt ewggétp?hglg&?fﬂ

and 344 nefbReCamdieeifdtiontt theforée BBM (not shown) driven by a piston rod
(not shown) fromthe | ower section 24 FEB 2005 25 344 into ol.| ow

ceMer 362 Bigurasshrpgad Soed shom tsamultipilivear e soy caT s gding 4B,
Shown) S gadtins S e B B A RGP e SR i oo
r el easaflpp18 BhehribRginPRRICHEEE LIPS partiind st ehgiven tieaditdctinn 84 thetaxght | y
1o nEd.212V.\211edn2{4t ar:dssrr?zﬁiséiglggtetrsore?a%ggrtg ttl?e éigglet%%p(g.r g.,ae?gdht‘lilggl\{%g) of the wafers 206
and the pucks 218. Moreover, such division locates the linear bearings 253 of the structures 230
25  at uniformly spaced intervals around a circular path 266 (Figure 5B-3). In this manner, as the
wafer carrier 208 or the pad conditioning head 220 rotate, there is a rapid succession of
individual linear bearings 253, for example, located under the eccentric force FP-W that is to be
sensed in the operation of the CMP system 200-1.
| | The force FP-WC acts on a load cell 263 (Figures 2A and 5B-1). The load cell 263 may
30  be astandard strain gauge such as Model Number LPU-500-LRC sold by Transducer
Techniques, of Temecula, CA. The load cell may have a load sensing range of from about zero

pounds of force to 500 pounds of force. More preferably, a more accurate load sensing range




5 sections 342 and 344, the camis retracted fromthe upper %@tpﬁ@g&ﬁ to
allow the ball bearing to fully exit the V-shaped groove and™rel eas e
upper section 342. Figures 3A and 9 show the bottom 366 of the upper
section 342. Four ports in the upper . section 342 are provided for the
facilities 338. Afirst port 368 mates with a simlar port (not shown) of -
the I ower section 344 to supply the D ter and vacuum (see arrow 348):
The port P 10 368 receives a standard &%ﬁl cal seal that extends fromthe

simlar paort of the | ower section 344, The DI water 348 flows, and the -
vacuummyde;used, 5.1 fgem abantzgemto abeui il posgds offorge. dhedpad 9@1 X7 serel fon

Fi gure . I _ i I . - Lt aaded
port 598 ek Befiidnd 15t AR R0, Tl bt IR M k) (Rafind OG0
mat es 850 Andershévhdtidn of elid fofdedP-WO W ¥enstid bl5 of tudtes\tie 188 teIDP6334vhidl0 suppl y
the DI water (see arrow 352 The gort 376 has a seal 378 mating with a

st andaltpeta waler lnag isignalb64igusy SBhbtin ssepengdo surmerRMeitnAssesgsibed of t he

| ower s [ 344. . The. DI, water 352.f| St hrou

o1 g 56" Enifbtmny PAishad e ions 20 o et ikel 206, R sl wBBSm Y. .
in Fi gey&s aﬁBaﬂtsfM‘gre%ﬁ}_re Ihculd 8 apSlicdls tesdiffbreffeigdsé i éontdetedaggidnport 374
of the plate 260. 20 Figures 3A 'SB-2, and 10 show a third port 384 that
mat es AR Asdharieapf heerpesediand hontajtedfegidne 208Rdncreases.i fonexsunple. shesinps v

t he air(see anrrow 293). The port 384 has a, seal 6. nmati with andard
coni caFPRarof ittt ima i BBbbud A RS i€y Sies By brfnlle P e
sect | OfoYdin thodirdétion(cTeRe Ar6W R0ZRBhrihk @(&pdlﬁhﬁ@%?eﬁqﬁ@n@ﬁéﬂorﬁﬁé onfpagt ~an
Oring 388 shown in Figure 10 to a single outlet fluid connector 390. The
cohBecwafer 200, dnsl henausadach polishing padrmectmenpeanses diffemnt afeas plthp expased60, and

i aduign 393 1 . the inl 94 of. bl ad 292
ol p T RSBk EoRar APy el AP e PO B e o e e,
shown) nQRt bedearlc@iREWBRE). | dcekdthg W isdwheE maaw%? 26400 YerfBieCAIATRE fstte of

received in a port in the | ower section 344. ins extend upwardly

i nt o r &®i vifergaries}(8sn sheepwarddingition e in Figare bg}%g;dlp@tegga DEFEsArY 80 3A)  of
t 00 i ded i . 402 of th ' 4
o B Bl Sl B uh s B e i BRE e S e Rt Fos e R

ur ged vher chhrrpbate 260 is connected to the upper section 342, as by six
screws 404. The port 402 is al i,gned w th a keyhol e-shaped port 406 shown in
Fi gure 5A- 2Ths lipedrihgaringstrerseres 332 pre described 26 refesence to Figures HH P\, Hé\-por t

406 i sl arqe ou hewconneg¢t or 400 1 8- . 400
£ o GBS £TULoR, B35S " 1R SRAFEE gl Ch B Pl ORAESHE 00
t hr ough7¢ bethps linedPBedridga 27D adlclG@ink taeP klete’274 {ehisiodBy ispadet @uire oft A

secured to the plate 260. The anplifier 410 is connected to the |oad cell
263 . andir¢lene Thesleewes 2drhave oparibeléems 37qearcergumating beasingghafts Afdepicted

faghlit] C..n the:. [ 1 ' ' ' I
579 (it ey il B0 TR LR 9 st ol op 3 FRRRF R E e Be P78 T
260. The sérttrs 281 4ec2ivedt iR A GSraIBI(Rlute TN Dhighora 28B indiglenbiohed dlpbrinit théie i n
beari ng housing 250 shown in Figure SA-2 and extends to a push-to-caonnect

t ubi ng SEBYie &1ve Witheths pdate 27 ratitiyigrte taeplateR60cBichae o veatigl tiavelpf 8904 i nt o

o e R DA P o e R Sepd gt

evenl y 26, bf éuiple.t The MG HeH Y bdakifig Platé@T Bis s8dfe@ ) DEfaifer fiielse 260 bace
422 of the chuck 262. A porous |ayer 297 is nmounted on,the upper surface

4223 Thaevaged (Bigrei1$) 1 Abe baswet 289 if designrsrto moveetestidally ma diaited| byHhe linpr

or ovi aBethes 202 A6 ERerblih 20 BH 5l e St B SioOE FiE G Bt 345
is 15 3pRhve?@.O5@Mchig: RBDPIAOD 0 42D the kBE of BeTEtaRRF Afig BAE 2T Lret ARG 282

uniformy across the entire area of the vacuum chuck 262 and thus apply the
vacuumnisfremovatily pnevidddofod cap@ctings the polishing pad 2@9. dFlsaretdfinarivingcifak thve 2.
Simlarly, the large pares 297P suypply, t DI water 348 all, across t.he area
ot "t hamaliee 1oV aRTEpeah it ghe Sl Sgnaddsrepiéitly Hope BB BBt  no
t hen apphksad 4 TN L] i | b prior
usg0 of H!r)'hesﬁg% .2%9&? ev%ég. g., szl?t X 4 5’ tb%gﬁzﬁ@oéégz%g'g{hr%gtﬁhgge&lgﬁIlﬁ\% th

t he wafgl ma?®6 replaceddidm oimd foctime pubpbgesning baewo 28S (Bigufe Ifay preferably
have a | arge pore size, and nore preferably a pore size in the range of
fromabout twenty to about fifty mcrons, and nost preferably about thirty
to about forty mcrons, which is significantly greater than typical

ceram cs having pore sizes in the submcron range to one mcron. 25 Figures
7 and 8 show a carrier film 298 provided on the nmanifold 420 and extendi ng
over an upper surface 499 of the porous layer 297 to further evenly

o, " o, ~ A . o " o o o 4 " Ol NS N




t hrough which the DI water 348 flows or the vacuum 348 is applied fromthe
| ayer 297. The | ayer 297 and the film 298 cooperate to uni §or FER 2008 finely
di stribute the vacuum 348 fromthe 24 FEB 2005 27 manifold 420 across the
entire area of the chuck 262. Also,. the |ayer 298 serves to keep particles
fromcontacting the upper surface 422 of the vacuum chuck 262, and when
washed as descri bed bel ow, avoids contam nating the wafers 206. In the
operation of the vacuum chuck 262, whéR the wafer 206 is properly nounted
on 5 the vacuum chuck 262 t-he axis 214 of the wafer 206 will ‘be oriented
coaxi al |y whg Hesthieedmbiose, Figurefl Bt showadliceinitizh oriengatirosf the ovafer carmigidesh?@d. 206
on the carrier _filnR98, the vacuum 3 i li,ed to e third. port 384 and
Chus  (Rieiead GG Ecliigh HeaFHIE GG Barec B0 (AR Sie Y U P HIECEHPRer 111 m
298. AL j r YedeR{eneQ6
agai ndfese pASHERREL SRRl AP R L CRARSRR: MHeeiaief Bnk D87 BN len

bl ock talbe eafadell ®yRssalBhitRmdeDY dofing theOvdfar paishirig opeR8idns tandshe palisbinges

297P of the layer 297 will have a significantly reduced flow. of air
t hér einad 20P impartswfosee BOR onstherpipigr 8pe 28 The %f@%’%oﬁs nge"&%‘é’i‘aF%%’eﬁot

posi tioned on i i e noted coaxial orientation, the air flow
into ttﬂﬁee%%%#?&tp%%%\%ﬂepz% nmeasurably greater as detected by a
pressure desestife TOPRR tdfb@thepaQ09 sfthe phlishing leadi20prenpages thd etwmtritg. Dl

water 348 is fed under pressure to t heélport 384 and thus to the pmanifold
420. TA83. D outsr gydingric sBriaceclRd i venticeln I heanripes 24 glefipedby the THRINES 18§ 7P of

the | gyer 7 nd fromth a { - I |  {
under Wab280 g BEGeingiRing Feq, S Efuch Hnd RN LS, Ao ot dRER B,
appos byt the pu@bes o e retafilee Ain g 982 e dwedpettiviienfralaet B86 ahdi2RB Abthe retaticr| eans

the out'er, wafer-contacting surface of the carrier film298. Further flow
of . t heity bage 280 amhi@taingraingn?&2se postied- of the film 279P forces slurry 426
out of the pores P t [ 97 . f 4 ' t he
vacuum chudk e A U S aledfebp i StbsBIRE Rofirind e 3075 8gyd @300

f1 ows @i tht ALis D0 \¥ed: & ve2d&al! They the fdlzhinglrad 262 apglidshie taypetricToite &R d

coll ection or accunul ation of particles under the wafer 5& when the, wafer
206 | sventiaaly slewaw ardii opjorthe oainerieng 82 fpanerallys thegirachie ??rB‘iﬂéFH"%ﬁ RS 426
flew intq ' n I nt al . QW ire 3 ethi 8 show
t f adl ci??“@?@%@%@%‘%_@ 8@%&5‘!’%&%’#’(%‘;&% wat grﬁ??ggh r%nrjgn%te tr]?lelaglg mani f ol d
382. Tthicige 28DfacHitReOMakiag réfeatble hemgtdnsentoofeht ecgniridferceg FPeRndbuad t o
one of six outlets 432 of the manifold 382. The nanifold 382d8 x%f{s%ods

upwar dhy forse EBdhapmlied 6o e reRincs Fng 282 maydieAsqwiately measiied: i ﬁa Efter of
the retainer gi |.at®p 79, Bach ; Ui 1A8re4f3thill, S
withint g%su géegbetﬂ\%elg% ﬁgcre?@iaﬁg?b?l ng t?gglg%tgggga%ﬁ tgiéeu%ﬂolgd cell 263.
The r ehakiedtuiei 13Q chasies B8Provdiagirthd sbofe-glefireBadraitaindication of 48 ampupped
into an inner side wall 436. 30 Six such inlets 434 are provided at evenly
s Pic esucheegontiicsfopsedhB- t he i nner side wall 436. The inner side wall 436 is

(30 oot o 00y 8 B 0551 ALaR ryli oy be 80 armeouast
t er ept fohal F-R 5plied totlefetainer ring 282. In detail, the set 270 of three bearings linear
'bearings 273 assures that structure of the retainer ring 282 is not allowed to move in an
undesired manner in response to such an eccentric force FP-R. Thus, the linear bearings 272
25  assure that such eccentric force FP-R does not move such retainer ring 282, except as follows.
The retainer ring 282 is permitted to move vertically, parallel to the initial third orientation of the
central axis 212 of the respective wafer carrier 208, which are coaxial. As a result, the eccentric
load FP-R (shown in Figure 2B acting on the retainer ring 282), minus the force FF relating to
the structure 232, is transferred to the retainer ring bearing plate 279 as the permitted vertical
30 force component FP-RV. Referring to Figures ‘2A and 6B, for example, it may be understood
that the motion of the retainer ring 282 that is limited by the structure 232 is independent of the

motion of the wafer carrier 208 that is limited by the structure 230.




2 4 FEB 2005 28 the trademark ERTALYTE PET-P by Port Pl astics provide
dinmensionally stable inlets 434. Each inlet 434 is provided V\A%H, ggguﬁﬂgg
fitting 438 that connects with one of the |lengths of tubing 43

wat er 352 is supplied through the spindle 346 and to the manifold 382,
which 5 distributes the DI water 352 to the | engths of tubing 430 and to
the fittings 438. Figures 14A and 14B show t he general polishing position
of the retainer ring 282, wherein the #posed surface 204 of the wafer 206
is coplanar, or horizontally aligned, with the top 299 of the retainer ring
282. The r eAalim:er motqr@%ésmozﬁed bstweles thesthowk bsmfmdddad ¢adiplata60 aod tha

huck 2 440 Fi 8 h
Fit 1 1 nguneRing RRRRE B 71 T IPAHBRISE o0 oy preepl e A5 tigt b Torm o
si de V‘@Eéaléf&wtﬁ%&% @9 inA2 fhRSofA P @Eno%l@r'aﬁ‘é‘i&hbﬁi&cﬁ&ld%ﬁ ovi de

an upwardly and |nwardly directed nozzle 44 i Igure 8 al so shows each
nozz| eusid4Aonose preferrddlintiar amitort290 iDshonat erE&gares 6Ael,tHe1shdC4, 438, arfd btk e 22

aI so sho each assa y 442 extending away froma radi a ectjon so as
ir@&?ﬁd{ r%? o1 ?9? %‘PEfI?Q:WFFFéWEWP%H ﬁwsr(swraw gsﬂ °P§ fon

(see 4 lies 15
the D hACer %ﬁﬂ{)ﬁ“?‘ﬂ? et A Ead o RERE R éﬁ%ﬁmﬁt 0 the
space prbRided wittearcammalir groalie206 formecdsing theblabider@9laMhe dinvaranotof 260 gur e

14B, the DI water (see arrow 352) fromthe nozzle 444 js also shown flow ng
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upper wite fofedtib ehesyatieal 4dkQctioth) endhathutdblen the diaid 203is adnditea] invethb diugideg2 25
underside 446 of the wafer 206 and_the thin dinensioning of the slit 452.
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to provi &Uan annul ar - I's opposite to a sloped entry
wal | 462 retdiner fing b%&g@‘latet?.ﬁe mﬂﬂh&eﬁembineﬂﬁﬁg tedei 286 and tioatetaterangi 282, 464.

Under th ction of ntrifugal fo durln ation of t fer Garner
208, 8%%]? PWS VFH%ﬂ}EIW%ffo é\%qelé S1iaie F?Fé‘uﬁ’o“z‘?lcgg 25}4 are urged
out War dly, 4fd Brekdife PRYIS He ﬁﬁf&l 208y B Qxlﬂfgtg'.f Iﬁﬁ‘n)pl?ifejss%}esofdr ek GRplbqn a The

outlet orifice 466 exten rough tthe retainer Ying base 280 to the-
cont ai ganerdl, prefim{maoy saise,vﬁ'n& fluidz93sedker gle8surs isarsad tcamom thehrafamen mig @gk2ends

fromthe ca 464, r .the | 24 FEB 2005
Zdﬂ L nfo one-,vcl)tI tﬁree vert1cail posntions ’llhe pressure Iﬁ?:Bmay%e in a range of from about 15 psi to

i about seven to ten psi, for example. Figures 13A and 13B are cross sections showing the

retainer ring 282 in one of the three positions, a disengaged position, in which the retainer ring
282 is away from (below) both the wafer 206 and a carrier film 298 mounted on the vacuum
chuck 262. In the disengaged position, the retainer ring 282 does not interfere with removal of

25  the wafer 206 from the chuck 262, and the pressure PB is low relative to the pressure PB
required to position the retainer ring 282 in the other positions.

"The cross-sections shown in Figures 14A and 14B depict a next higher one of the three
positions of the retainer ring, which is referred to generally as “a polishing position,” and as
described below in detail, may be a range of positions parallel to the axes 214 and 212. The

30  general polishing position is the position of the ring 282 during polishing of the wafer 206. In
this polishing position, an upper surface 299 of the retainer ring 282 is horizontally aligned with,

or coplanar with, the upper (exposed) surface 204 of the wafer 206. As shown in Figure 14B, in




460, across the space 440, and is tightly secured (e.g., gri F%%?rg ﬁg en
t he mai n bearing housing 250 and the vacuum chuck 262. In thi’ % , =t he
dam 454, the seal 458). and the related adjacent structure of the carrier
208 contain the slurry 426 and the DI water 352. The DI water 352 cl eans

t he underside 446 of the wafer 206 and the space 440. The outl et 456
receives the sluiry 426 and the DI wat 352 that has been urged fromthe
space 440 wi t hout any punpi ng nechani sfitother than the rotation of the
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702). A conductor 708 extends fromthe connector 700 through the port 706
t 022 | ebtheschidk 20darnid the wafer@0Smvthe Fhncki 292rie respBnssdo thetdreoFP1VE (bt-athe 560.

The anplifier 7 | S,con ted.to the |.0 ce 24 and receives the puck
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in the standang (el raﬁ%%é%f br& if04Rions of the r@ﬁéiﬁ’é@)‘ingf%é, A&l BaREbe-

connector 661 (Figure 17 he structure described above rel easably joins
t he sed¢scuhed Betd tarvdrolhd upFac foressk (Figued Bjiappli¢dieshawstabatoarddr@0Bi st on (not
shown) ,of the copnector 661 to cayse the conne 661 to | ock the upper
secti o RO B ateR g e cappIeg &&{Itasﬁedtr%gl%ﬁ‘i‘gé)enﬂw alndassppo et it

Then pu | §F¥€ 1) i : Al puck
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fabricated fromcarbon steel that is provided with perforations 903. The
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exanpl e. The perforations 903 are uniformy spread over the entire | ayer
209A. The perforated 20 carbon steel |ayer 902A is nickel plated. The
perforated and nickel -plated | ayer 209A is then coated with di anond
material. The layer 209A is in the formof a disk having a dianeter of
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| ower section 644 to supply the DI water (see arrow 648) fothéhﬁEBuz&ijng
operation. The DI water 648 flows through the port 668 past an O ring 680
to a fitting 672 shown in Figure 20 24 FEB 2005 31 threaded into a

t hreaded port 674 of the plate 308. The fitting 672 is connected to, a tube,
or conduit, 712. The tube 712 extends upwardly fromthe fitting 672 through
a through-hole 714 in the main bearingzhousing 306 (Figure 16A) and extends
to a push-to-connect tubing connector 716. The connector 716 is threaded
into g I ! . t i 10 i gure
168 s o ves WO ight 881 BNRAL R ohbithe it 0 PSR L B i BT il T D
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pol i shi &l } i r . . F . ing to
B gur o 9% BREETLEARRIP fi ok 21 Pl ion uafia RO Rdire AR, L0 ve
mov e memitiabeienetion o eherechanl 20622M0f thega@dbh cﬁﬁb:hia? ihegd P20 12QRis nldwenwlidod
may i nclude an operation 1000 of nounting the wafer 206 on the chuck 262.

|t mayinpd hearng sEytyRs? 19 psurgdhat tho geudtus of thakead 22045 nojallorveddy mswe in
reterr : q IS t it { S hLbhed
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oper atah®the iR 208 atd pegRiitdd (@ rhbee @ty pardliel ©ée ih@w BAR) ®he thifabrid@riandot he
axis of symetry 214 of the nounted wafer 206, which is shown in Figure 1B.
The aXiose paspestiveragntrabaxes 322 ond 224, tiuchparg cowtiak cBhe sy b2 sqeiralleb e theves to

an op I 0 PRging the pad 209 and the offset wafer 206 toward
& ﬁfghp&n}pq%réﬁ% phe

each o rpara to the axis p 10 of symetry 214, as shown by the arrow
209V in Fi %lﬁe bB. sch¥thitidally depicdy i o SThres DR ERESHuMIpE Rtkal Bl Rfuctardsmap 208
upwardly and hol ding the chuck 262 at a fixed position in the direction of

t B@ an momidetal, and Figute 6 A8atGTand 9B shhw the tiregmutéplalinear beaduzsdlses t he
pad 209 tq e a.pplishing force, such as the force EP-W t.h unt ed
et or b Seatlor b PR PoTinE oo 0B s P vided vaih threg ngs 314, inflyding

r espopsge hAldweyRdcaniifg et ai 6eThe siebved3 16havyvad EPe@Q(?(t(;}ﬁglg B receive and
above-described tendency to tilt such that the axfs of symetry 213 ends
to nove out of parallel with the axis 210, which is the axis of rotation of
the pad 209. During the urging, the nmethod noves to an operation 1006 by

resisting the tendency of the nounted offset wafer 206 to tilt while
allowing the wafer 206 to nmove parallel to the direction of the axis of
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mounting the wafer 206 for a polishing operation perforned bth%&E}%aﬂﬂﬁ)g
havi ng a polishing surface. Fromthe start, the nethod may include an
operation 1010 of mounting 30 the wafer 206 on the chuck 262 to resist
novenent of the polishing surface of the pad 209 which Figure 1B shows is
applied eccentrically with respect to the axis of symetry 214 of the wafer
206. The wafer 206 is shown in Figure 14B as having the edge, or periphery,
301 24 FEB 2005 33 symetric with the axis of symetry 214. The axis 214

IS norrrlgll psi{qeendi cular to the exposed surface of the pad 209. The nethod
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per pengy, cul ar it Lth res t t e polishing surface of the pad 209. The
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accurately neasured, as defined above, even though such force FP-Wis
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bl adder 292 between the plate 260 and the retainer ring 282. QOperation 1015
may al @fdhe reperdive head22hand puekdér s aresulobe efcenipisreafemigad AB-G(shawarin - 24

FEB 2 such as ,by,dnflating the bladder 2 wth fluid at a first
pr osout B Remgle BRet S ampls TXdpisr v e s Mot d et ovard
each ddaging hbedies BOG&s the veHRUTl Crefoneat i éle br AStTBRE, PP-C\NgndicRS6Mh lddave@Nt i on
provides a nmethod for controlling rel ative novenent between the wafer 206

ardd a PddFigues F.ctibaiang 1pBd The doaditedl i5 senvirdrble thapudkilatide aah losd seB plase
1040 nting.the wafer 2 on.the 262 chuc t.he wafer 206 havi t he
axis of08obieplslms ok, &P s iin BEadng Rl 305 1S SoTRe B A RS 200
and cogxd &l 324, WHitLo B 'aGfucR¥dadl sichiial 386 @Figafeaﬂdsf}! The 1ddd%ef’928 iy Beoihgt | on
211 of the pad 209. The method novesS to operation 1042 by offsetti'ng the
axi s cfamecisdhé lwad 2¢ll 263 andthedaat! @0sifnad 326 meayebe wedin s yrmedrrsymildtodhattdfe
nount e Yvafer 06. TQ@ met hod noves to operation 1044 by d 10 resisting
moveneht 158 &g #%hi ng surface of the pad 209 toward the wafer 206. The
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A e G S s S
oper atdfaine ®afG chiriep 208, adiof thet fadd dontitionérg lidad @20 dottil(, er th move ot cI8Re and base
280) around the chuck 262 for novenent to retain the wafer 206 on the chuck
262 ( éi.e@t?f}bﬂgslmt@f orightafiofe iseply Bdengeney. izoamagtiphaoidpkrik Beartipn ghHkingly)
The retainer ring 282 15 may al so expose the wafer 206 to the surface of
the pad 209 for polishing (Figure 14A). The nmethod noves to operation 1048
by providing the chuck 262, the chuck support plate 260, and the retainer

ring units (280 and 282) with a plurality of pairs of |inear bearing
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25 Alternatively, the plate 260 may be urged toward the pad 2 ei t her
case,  the pad inposes the polishing force FP-Won the nounted f 20% and
on-the retainer ring 282 eccentrically with respect to the axis of synmetry
214. In response to the polishing force FP-Wthe wafer 206 and the chuck
262 have the tendency to tilt such that the axis of symetry 214 tends to
nove out of parallel with the axis of tation 210. Referring to Figure 27,
during the hol ding operation 30 1050 an operation 1052 is performed by ‘
which the first set .2S2 of the assenblies | ffective to lim¢t _the
movene ROCaker Fsa i of fifcabove HEpesBed Corie peihe TpetrherEng HEsmes 430 298 and
synnetgygg%%eﬂ%mi@g the hol ding of the chuck support plate 260, for
exanpl e, operation 1054 is performed by ~ €' 2005 35 which the second set
270 of the abeENMP Bystern 20@4ifiendti onty paovided withthealn w-dedcribbe feahitekthas 2
relati¥e1to tQEE?huck s%gport plate 260 to npvenen&ﬁgarallel to the axis of
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nount e f > i it S t.to the axis 214. Referring to
i gur oSSR ogBURRAEN GtsaBhict 4t 3 SERRAT) pk polabeieinelils vigia i g
assenbFigess 333 tHrongleXasBdnd, Fighe @SB AL thireudhhSB-ID Widieek IR iloug®8C sBuwi ng the
novi ng of operation 1064, the nmethod nopves to an operation 1068 by

subst a¥erRPlSs afistpetpry clepratseh therfirst emhediment 20Q-1 ainclydingra rotary lo@ichangsr

waf er 206 bl B&haan! ' he nount fer 206 with, the
exposed saﬁﬁg%}gﬁ{fr_op&{]%%r a ﬂgla}{? (E)G?l[\éﬁ:gﬁg]lﬁ artgéﬁ) 616 re?hgﬁ%\gﬁ%@htpﬂgggaﬁg?%é@ of
t hié paisicR@&k arlippenedchion 342 and Atuwas sketich3 4@ dire 90). 1PKO1owdtisehridhiadang t he
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releasable connector 361 (Figure 3C). To releasably join the sections 342 and 344, the

connector 361 has a cam (not shown) driven by a piston rod (not shown) from the lower section




Referring to Figure 31, the present invention also provides qg??@dzgﬁr
controlling relative novenent between the chem cal machi ni ng pad”209 d
the pad conditioning puck ~ 10 218. The nmethod nmay i ncl ude an operation
1090 of mounting the puck 218 on the chuck 322, the puck 218 having the
initial axis of symetry 224 and a puck surface parallel to the polishing
surface of the pad 209. The pad 209 hagsthe axis of rotation 211. The
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assisting in 25 the desired conditioning of the polishing pad 209 by the
puck 218. Referring to Figure 34, another aspect of the nethod of the
present invention relates to a nmethod of conditioning a polishing pad. The
_method starts with an operation 2050 in which a puck 218 is nounted on a
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30 polishing surface. The nethod noves to an operation 2052 g?émg' h the
axis of rotation 211 of the pad 209 is offset fromthe axis S Eééﬂﬂﬁ 224
of -the mounted puck 218 with the axes 224 and 211 parallel to define an
initial orientation of the puck 218. The nethod noves to an 24 FEB 2005
38 operation 2054 in which the polishing surface of the pad 218 and the
condi tioning surface of puck 218b are mpved toward each other to with the
condi tioning surface of the nmounted puck 218 resisting the polishing

sur f ac poaf406he]paendfh tolfias FRt i . hile

t he ar?%y 265 of Iinegg ngrinéﬂggggﬁgﬁﬁg%9gﬁgﬂﬁ§§E%%gggﬁﬁggg%%Byghﬁﬁgg:
mount e ®OPAER)- 24 gondustarr408regtends fioguthe cimecton d0bretrbwgh e pes 406 16 esatdetin

2058 i kch ' .1 ti 054 th [ bstantial limti
of t he SMBUREAO HoBh b Tath id; SRt e alito Aot cRpRHErAIg o Tened et
of the thaead esll P dnd4d&ivestiie (Wafer § ;[cﬂiesp%,lgggﬁz‘;sur face of the puck 218

parallel to _the polishing surface o 18. The nethod noves to

ope? ati on 2@&Due AA3homtsithé failities $38@en evierm pE rubin g 22@kdis bbirkctddto the
nnvenentzlig% @? tgﬁ_iigited nmovenment is sensed to indicate an accurate
val ue 8P%4% % 1PWR PR rBRtds mepntsd gadhe ghnckbeanes anshlond rlhplate 260x fise of

t he puglpi b 1O : . ect of the nmeth of the
present i r?ng\]ﬁ]hzt %?g%ﬁrsg g‘t&e&éﬂtgbgél{n&]ﬁgudghﬁbq%gg{jﬂa@g i a‘rlllbg%arﬁ‘gﬁ]ogﬁinﬁ ?)’gBad. The
met hod skaverr insFigitet$ A ang extahdmn a&ﬂﬂ:ﬂ-t@fcomwﬁjbn% cbanédi6r PledhoRhln Piodrbe 322
chuck 'tﬁhthelgﬁck4ﬁéls 224 of symmetr (gﬁépen icular to polishing surface
of t he%a $ pgnugsipr Al 6 isthrsaded mip ?iPBFFi‘Hé lied inte theeghack @62t The pert g i shi ng
Sutd acgupphiBetHERh r.at| f off.setting th i s of

r gt ation 2 ?%t from t gp gl%??slt @?@%ﬁt%h@gﬂa gﬁ{lﬁlgwﬁo{ﬁpg@ep%&k 2‘15%%(% th the
axes 2¢Gngndis@ibatethe ahduaim bothd Eliweaered#8i dotdsk ah uppdreaifadd 472 fthé BgucRYSk. 218.
The net hod ves to a gperation 2074 of moving the polishing 20 surface of
t he pad 218 oysayeE 37t OHNIsE o8 the wprer swrfaced23 dlke dayer 29Tusrfabmcated ot her .

The eItk i i 5l .he _arr 265. of 1 inear
bear i né agbs e nbleci%gésﬂg %(E)htggf 2?2"},‘? ?%%8 ‘%cgﬁ g%%égﬁ%é%géggglgﬁg? éjr ?ﬁ%ﬁé%’e&i %Eﬁee
§7 ot hporﬂ%wﬁﬂjpmidesaassagma}mnhmagh mhti)é}DthB D:[fvxlra}ﬂ@i 3|216 flda @S5e fmldu]?%&l@ .

i ng_the ve operation 2074 to substantially [imt nmovenent fromthe
oha 1 Sponin SR e ol ‘E?éf rﬂz he Jgrge,posen A B e Ikated antformlyesrass dhe entige wi t h
t he 2536980hE vasi f I | shi The, et hod
moves To e R RS P A bl R et R MY PRl "o
accur atdiry ateaof Hfe ohhek p@l.i Simihglyf thedargE Bofes 20PP s@shl @ thethEweRRdi$ bid BErags

surfacg, Referri igure 38, there is shown a graph schematically
T et P e it ek 26 BUities Be 450F riaa poiss HOP FIeTH sbuze i edaplienione
| i nearofithé OsicudBP34BNil DG | ' - (&lgure 1B)
bet Wee?l t he CpoI i shi nlg padﬁl%%qgér(l%%%beé%ﬁg a%}%“fe%%gﬁ?%%ﬁ gﬁ%n@r'?"r@ﬁg 282
arid® t hecwahdolez(s direst coheciowiie thehaaldrs 286. FRas all iob eits@poipesest thepoikds@ITPY
p Iishm‘;ih? xg@sglg regi ons 204R of the wafer 206) for exanple, uniform

X0 re%%r N DRE° 2 68 ROTR &1 25piitd 1oare; pseterably gperesstrggn thye tapge af fromrabaut

amount’'s
expos atvedfytto GBBL RSO/ | ’ ich'i
cont act eg!??egi ons fg%rﬁlﬁﬂé?iggg%géﬁﬁeg%fl %Ira @%‘ﬁﬁ@?\ﬁ%ﬁ% f?ﬁﬁ%@é@g&{lﬂa ithife the
amountsgrificantiyssreater than ypidabeeramBishaeingperpsitésshitngsubadcdd2an@meontn t he
direction of the arrow 209H during the polishing operations perfornmed on
one 06, and because such pol i shing pad novenent 5 causes different
angas of t (X -Ye TloTg S]] : | i;shi.ng. pad 209,
the force Egﬁvf/éggéﬁéegé’ﬁtgg t he m‘*ﬁg‘%ﬁbﬁ@oﬁ@@@%ﬁéﬁe\%ﬁé@ﬁgg@% t%ge?.gmg over

Pr oceswiupgenfurfaoe 49@1bthe Ipoasisdaygn 2D7 26 furiter peniodisibuente Vasud bEMe TSI t he

waf er car;i'r r 208 in the ﬁgwgrd direction (see F in Figure 1B) is adjusted
as necTAAP acE0ss thiArerof the chpsly 207 | Bhedilmy 2 Xkismrada/fagrp maseridl soldhmdpoibes hi ng

d 2 .11 8he 208, h he t
Choun oeRal RN CE: 0 A0 R0 TERI 8% o avided Al whglst Pea” U ¢ ne
f 1 ui d apedurasimtingd size iit hearigenf &oniT0000 imHlo BANSIHEN ot Sablife. ATRINY 0597

Oﬁgrlgf ghé Figure | A) between the polishing pad 209 on the one hand, and
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the invention is not to be limted to the details given herein, but may be
nodi fied within the scope and equi val ents of the appended cl ai ns.




4 FEB 2005 40 What is clained is: 1. Apparatus for nounting é?ééﬁg%dﬂw§ctor
waf er for cooperation with a chenical nechanical polishing pad having an
axis of rotation, the wafer having a wafer axis, the apparatus conprising:
5 a coupl er section having a central axis; a chuck for nmounting the wafer
with the wafer axis initially coaxial with the central axis and parallel to
the axis of rotation, the chuck being apted to receive a polishing force
fromthe pad, the polishing force beinty parallel with the axis of. rotation
and eccent.ri.c W th r&gpect to the wafer_ axis and tending to tilt the chuck

so t haMapield 2P arrossthgentits areq of therhuck262; Adep, the tapier 29§ serves taleepipaxticles

| at i ' - ' Ly tral, axis; and,a Li
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by t hebdowpiweidsatontnfihatig the afdropo@l ong the central axis, the assenbly

having a second unit secured to the chuck and being novable relative to the
first unit,ntheoperaien affhe yaemmychnek262 cobgrethamwater 206 is pripedly nivantedmienci es

f 4h : tilt that .duri mov. t th d
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axis of rotation. 2. Agé)arat us according to claimi, further conprising: a

sensor 2Rpbashtete dhird pert 884 and this to G chiek maniédld 480 so fedycatis prdskyreiunder the
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accurate indication of an amobunt of the eccentric force fromthe pa

ntni t S EMYPS: tats dhecpares 2% of thé layhe2%Towidehdvearmigificaraky. re@icedfioar aft us

. i in. .the fi i t the |i . bearing ..
o conibhelcdh. et edrer W0l Hbed bl el b2 204 0k 15 et SeupatioSigbaton M film
par al | 288 ihehd ited eotixiad bridithGon, AMlait NBwSAGANE catict filh 208 ill bh eRaslieBly NY

assenbly includes at |east one el ongated bearing housing extending parallel
to t heBredipt asaletegied dymiressueedaieater 2999 Eigure 3€) inshentingahe imapropexfcrienthtion.

Appar at us | 1 laim 1, wherein t | i r ri ng..ass Ly i.s. a
Popar L us, SSEQHEL I LA hesgHSL Bldhek S Rl BIRE b AROEI e 5, 2
FEB 200stes348ldved Romehe fafiJoRSPORRothaPotRs 297IBf thgayel 267, dhditfork Bic 1PMEMENT
relative to the a wafer on the chuck and the second ‘unit, the retainer ring

assentA%/ thevehesapiar £ilmed98randgndsy the afafer2@fre fihy Dinvater348clinianieatheni t h t he

centr ISy A ' he ring asse bei ad d to.,receive
o e Sttt e P P206, Beedsed e AR R e G Bl e adarR
t he rahabuter, wafergodrictin® burSaca1or teycaaist fH181EHRN Grdret fiblv dfftke DI Ratca398mbl y so

t hat tg%é‘ri ng assenbly tends to tilt relative to the initial coaxial
r el at i'Biesh gegorss afitae film 27 OB forsesanterry A0 ewimfithe perxs 297Rafithg fwc2dnldi near
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t he cliuck flows of the DI water 348 through the film 298 and the layer 297 avoid collection or
accumulation of particles under the wafer 206 when the wafer 206 is mounted on the film298.
The DI water 348 and the removed slurry 426 flow into a central containment tub (not shown).
Figures 5B-1 and 8 show the facilities 3388 for the supply of the DI water 352 from the

25  manifold 382. Tubing 430 is provided in six lengths, one length being connected to one of six
outlets 432 of the manifold 382. The manifold 382 extends upwardly through the open center of
the bladder 292 and the open center of the retainer ring plate 279, such that each length of the
tubing 430 is within the space between the retainer ring base 280 and the load cell 263. The
retainer ring base 280 is shown in Figure 8 having inlets 434 tapped into an inner side wall 436.

30 Six such inlets 434 are provided at evenly spaced intervals around the inner side wall 436. The
inner side wall 436 is fabricated from a hard engineering plastic, which may be an unreinforced

semicrystalline thermoplastic polymer material, such as polyethylene terepthhalate sold under




~ 10 and being novable relative to the first unit and the thiéhétﬁﬁﬁ,zmmpe
third and fourth units cooperating to resist the tendency of the ring
-assenbly to tilt so that during novenment of the third unit and .of the
retainer ring assenbly relative to the fourth unit the axis renains coaxi al
with the wafer axis and the central axis. 5. Apparatus according to claim
4, further conprising: 15 a linear driy@ posi ti oned between the retainer
ring assenbly and the first unit for noving the retainer ring assenbly
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alternately carrying fluid at a reduced pressure a
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the retaiper,.rin senbly i.s provided with an out] et duct extending froma
posi t i Cdﬁugﬁg’rrﬁ?chl %@t @ﬁrﬂbey Y8 KiewfJigureddi . iedpbwater (see papwt3SRYfront ai ner
ring ans el 44 kol RSHbhS idwhd abdinds bl the'Wdtlode OV
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circular path centefed on the coaxial axes; the separate®linéar bearing

Uhi ts Woogde dlovndyt ] alovesths shurtyet 26andeatee tiesspate 44 chuck and the wafer to
tilt.

! The DI water 352 directed against the underside 446 of the wafer 206 removes the slurry
450 from the upper end of the space 440. A dam 454 blocks exit of the DI water 352 and the |
slurry 426 from an upper end of the space 440. The dam 454 is defined by the overhanging

25  underside 446 of the wafer 206 and the thin dimensioning of the slit 452. As shown in Figure
14A, an outlet 456 is machined into the side wall 438 below the dam 454 and adjacent to a seal
458. The outlet 456 is configured to provide an annular-shaped lip 460 that is opposite to a
sloped entry wall 462. The lip 460 and the opposed wall 462 define an outlet cavity 464, Under
the action of centrifugal force during rotation of the wafer carrier 208, the slurry 426 and the DI

30 water 352 from the nozzles 444 are urged outwardly, into the cavity 464, and through an outlet
orifice 466. The outlet orifice 466 extends through the retainer ring base 280 to the containment

tub (not shown). The seal 458 is annular in shape and extends from the cavity 464, over the lip




~20 11. Apparatus according to claim1, wherein the plurali tfz ‘ﬁof*‘i’:’@emgate
| i near bearing units conprises at |east three separate |inear bearing
units. 12. Apparatus according to claiml, wherein the wafer is provided
with a first dianmeter, and wherein the first unit and the second unit
conprise an array of l|linear bearing units uniformy spaced around the
central axis, each linear bearing unit,having a shaft 25 provided with a
diameter that is small in relation to the first diameter of the wafer. 13.
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and 30 disgtg{ aced ftroﬁithg{%}%iggag% %@%t@%%eﬁthgdﬁasﬁgisazg)ﬁggéﬁg{)@%shi ng
force tahied pdjacent stmatire ofihiercares 208 rottairt the shvafyel26amd she Db vater 352 FFRe 2005
43 a chuck port ., configur tpo resist_a tilting force on the chuck,
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rel at i (generolly hefervétiiolusinglthe kéference meabier 3g8faabiler CHAB uperkabhd. aHefaparad | el
tﬁ{éhe is of rotation. éS. paratus according to claim 14, wherein the
i e ordng pad Coriliienane B2l oine axvme, facionn Bl cRRY foLisponE i pck
carryi sy le] s ' [] hqusi i and
rovabl e chRAGT2Z AR 3PE 15 ARENR PR AR, WP iR A3 P A6 R
conpr i badgell 154 aSuwhrfacititien3d8 &d prviddddot theazVMPhparatiogs SHBBA fntddfeding with a
positi %ngéﬁ*)sense t he | ocation of the main bearing housing relative to the
| i near MBET RBCTELIRNKY ronsidsring tissnfasiiities 38R obthetnad condisioningchesd 228hi ng
force, refdh&ncs ' g 0 g I el i t t.he
eccentrrei C po?gi']?ﬁ?%{gy g%@%ﬁs?&gﬁxﬁgﬁﬁg'% vfeéacigggg%rg% ﬂ@gt@gggﬁf ﬁ'g(hﬁ)o ¥ shi ng
f ok e: thjez@limhensidymbaicat ofFigued7ai, rgd tothe lcaisssdBionulhewiof Rifiees hogk Iisthgpor t

IS co%’ygured with.a plurality of |inear bearing housings, each of the
housi M§STHHLA FF§ P AT sTGTUEsl %ﬂ%%ﬂt%ih%fire R S e erasimilar imthoshdasenibed he
chuck $iape afeldebriticdrdsi@ refepdtch ﬂ%@&s%ﬁe@&ﬁ?cﬁg& gﬁﬁéc E-Ia?ﬂ[tﬁig Eﬁ%&ﬂ ré![@%etncg'a\” ng

a ring axis and being adapted to surroun , er-retal ner
ri ng uivmbepei ng configured with a linear bearing shaft received within each

respective J[L.inear,_25 i ng housing, the linear bearing shafts nounting
t he waf er-r égﬂieﬁé?‘%‘rqnﬁgalbrﬁhgwfaéf‘er?ﬂ%éﬁ’%ﬁ"tm‘f‘%‘i 3 PV’é’méscPfttﬁ%ﬁE% gEodigenh

r €RPeCIOOVE ihdB@AE aB6RrY 081 ARl WI0AR VIR pheE Bbiael 4lRbs eSidgngde t he
tilting force sogthat t he rmvgrrent bet ween tphe ?%a@%ner P?%SCIL |]ics§?adr§(}g? he
chuck sesursdbThamtiny|tbgl ghangdr|6d0 incdudeh anwaperseetidrs64Aand Muvesratdtionagidor di ng
to cl a(iﬁng]u:ll’e6 17&\5{) “tre lgvgcp SGecriig;[i -Ifléri] 1esrattra|cl?e tlcjar;tI stpinldie gélijg %hgs ;otates and applies vertical

forces in up and down directions to the lower section 644. As shown in Figure 17C, the spindle

646 also provides the facilities 338PP by supplying fluid, such as DI water 648, through a
25  conduit 650 to the lower section 644 for use in the chuck 322. Additionally, the spindle 646
separately provides the facilities 338PS by applying a vacuum 695 through a conduit 696 to the
lower section 644 for sensing the presence or absence of the puck 218 on the chuck 322. |
The spindle 646 also provides the facilities 338LCP by providing a slip ring 660
connected to a system (not shown) for processing the puck load cell siglial 326 to determine the
30 | force applied by the puck 218 to the polishing pad 209 during the polishing operations. The slip
ring 660 is connected through a connector (not shown) on the lower section 644 which mates

with 2 pogo pin connector (not shown) received in a port (not shown) in the lower section 644.




30 configured with a plate for supporting the |inear beari nggsénﬁ'ﬁgs qie
apparatus further conprising: 24 FEB 2005 44 a notor positioned bgq en
the plate and the wafer-retainer ring unit for noving the wafer-retainer
ring unit relative to the chuck. 18. Apparatus for chem cal nechani cal
polishing of a sem conductor wafer having a wafer axis, conprising: a
polishing pad having an axis of rotatiga; a wafer-retaining ring unit
surrou%ng and mounted for novenent relative to the chuck, the unit

r ecei viRefertihg teEigert 1745 pogb ibiRicR&nf 4hG & ? N 1 0Q .axis; a
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| i near ear T hg s PRt thy Fopnestor00ta encveirtp thaport 382)s tA oepdactorr st
tillinP0s enerls@ronk R & ' eccentr.ic iishing force so
that in response to thgﬂgég%{eﬁﬂ{%du gIﬂllicrsﬁ%g&?et&acgagc%wgﬁ%lﬁtfsﬂpﬁg“’?ﬁd’ék
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a secop) ei§§% gf Ii]g)egr 1F)e.ari shafts on the unit, the shafts belng
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receive -of cavities of the second set of housings,
t r espect ThelowieP StticR G4 | f.LS: zavi,ti es of . . the secon et
resisting a second til1i ng a?%}lg gtﬁ %(ﬁ%%w?tgﬁ%gﬁlsﬁnﬁﬁrdfmﬁ?ﬁqﬁﬁsc g‘é‘int ric
pol i sHAbRYe-fiGr Y way oftratelanbublornirinecton61 (Righret1F0)i Mhe birduttekertRhabiye t o

t he C%&Eﬁﬁ'lﬁm A gargl I e{5 éo e axis of rotation. 19. Apparatus according
to cl arm rey Pithesccusny P4 it Twanresenizedwirdines agnate itee pistooKnstuppor t
I N posshbivANof e REnrRHr &6 4 L a0 hg boad cel | .proyidipng an
accurate indication of an a‘%ﬁﬁ?ﬁ%?&pﬁé&e%%etﬁtlgﬁ% WP?MGH‘Q&@%’%@ the

not wi tIAYELSeatioR 644 er sxtelsase iheittvp seftidne pol i shing force. 20. Appar at us

ok suppoiic TRl Riecid KLiniaye 2PRTHeS drinis agiother vaieiah g phck 21 Uni

rel at isewh én FipRre3N6@K 16B, and 19B as including two disk-like layers 902A and 902B that are
adhered to each other. A first layer 902A is fabricated from carbon steel that is provided with
perforations 903. The perforations 903 may be apertures having a size of about 0.150 inches, for
example. The perforations 903 are uniformly spread over the entire layer 209A. The perforated

20  carbon steel layer 902A is nickel plated. The perforated and nickel-plated layer 209A is then

) coated with diamond material. The layer 209A is in the form of a disk having a diameter of
about 9.5 inches, which conforms to the diameter of the outer portion of the retainer ring 282
and to the diameter of the second layer 209B. The second layer 209B is a magnetic disk having
an adhesive backing. The layer 209B is provided with smaller perforations or openings 904.

25  For example, the openings 904 may have a size in the range of from about 0.010 inch to about
0.015 inch. The puck 218 is mounted on the pad conditioning head 220 with the layer 902B
touching the head 220 so that the diamond-coated surface faces the pad 209.

The facilities 338PP for purging the puck 218 include the upper section 642, Figures
17A, 17C, 198, and 20 show the bottom 666 of the upper section 642. Three portis in the upper

30 section 642 are provided for the facilities 338. A first port 668 mates with a similar port of the
lower section 644 to supply the DI water (see arrow 648) for the purging operation, The DI
water 648 flows through the port 668 past an O-ring 680 to a fitting 672 shown in Figure 20




24 FEB 2005 45 21. A nethod for controlling relative novenent between a
waf er and a chem cal nmachining pad, conprising the operations 2)1‘-%: Fﬁgumﬂijng
the wafer on a chuck, the wafer having an axis of symetry; offsetting I'n
parall el relationship an axis of rotation of the pad and the axis of
symmetry of the nounted wafer; urging the pad and the offset nounted wafer
toward each other parallel to the axis3bf rotation and to the axis of
symmetry to cause the pad to inpose a polishing force on the nounted wafer
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conprising the operations of: nounting the wafer with ah exposed surface of
t he waf@#ibpHapael nresesvair ¢fcghe BAiwater sBfondbe sBEk@22t Mhe Ddvatedtet8viafupplisdto ng

an axi e d havi a i rotatiqgn; offsetting the
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such thiat. t he exposed surface tends to nove fromthe initial orientation
and ouf2%is ipaneasaddn thg Phwetse 6p%rdsthedd watef Bowingfpastthe pack 218 purges, or

15 cleans, the puck 218, thereby assisting in the desired conditioning of the polishing pad 209 by
the puck 218.
Figures 19A and 21 show the facilities 338PS configured as a port 920 to which the
vacuum 695 is applied by the conduit 696. A bore 922 connects the port 920 to a nozzle 924
that js mounted on the puck bearing and load cell plate 308. Tubing 926is connected to the -
20 nozzle 924 and extends upwardly through a through-hole 928 in the main bearing housing 306.

e’

The tubing 926 is connected to a fitting 930 secured to the housing 306. The fitting 930 applies
the vacuum 695 to a bore 932 drilled into the housing 306 and aligned with a ridge 934 of the
manifold 720. The bore 932 extends to the top of the ridge 934. In this manner, the presence of
the puck 218 properly on the chuck 322 will block the flow of air into the bore 932, causing the
25 pressure in the bore 932 to decrease. This decreased pressdre is reflected as decreased pressure
in the conduit 696. The conduit 696 is connected to a pressure sensor, such as a pressure sensor
similar to the pressure sensor 299D (Figure 3C). The pressure sensor detects the decreased
pressure and determines that the puck 218 is properly on the chuck 322. If the puck 218 is only
partly on the chuck 322, or is not at all on the chuck 322, the flow of air into the bore 932 will
30 ot be blocked and the pressure in the bore 932 and thus in the conduit 696 will not decrease.
As aresult, the pressure sensor will determine that the puck 218 is not properly on, or is not at

all on, the chuck 322, such that the polishing operation should be interrupted.



providing an array of pairs of |inear bearing assenblies adj a@QtFEB) 2!]ﬁ§
nmount ed wafer, 30 during the noving operation the assenblies being :
effective to substantially [imt the novenent 24 FEB 2005 46 fromthe
initial orientation and permt only novenent of the nmounted wafer with the
exposed surface parallel to the polishing surface; and determ ning an
anmount of the permtted novenent of thé2wafer to indicate a net anount of
the polishing force inposed on the exposed surface. 5 24. Apparatus for
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214 tends to move out of parallel with the axis 210, which is the axis of rotation of the pad
209. During the urging, the method moves to an operation 1006 by resisting the tendency
of the mounted offset wafer 206 to tilt while allowing the wafer 206 to move parallel to the
direction of the axis of rotation 210, and along the initial position of the wafer axis 214.

20  The movement along the initial position of the wafer axis 214 is in response to the force FP-

}. WV in Figure 2A, for example, and reflects the operation of the linear bearings 232 in
response to the eccentric force FP-W. The method may also move to an operation 1008,
which during the urging operation and the resisting operation, is performed by measuring
the movement of the wafer 206 parallel to the direction of the axis of rotation 210 to

25  indicate a value of the polishing force, i.e., the force FP-W. The operations shown in Figure
23 are then done.

Referring to Figure 24, another aspect of the present invention provides a method for

mounting the wafer 206 for a polishing operation performed by the pad 209 having a
polishing surface. From the start, the method may include an operationt 1010 of mounting

30  the wafer 206 on the chuck 262 to resist movement of the polishing surface of the pad 209
which Figure 1B shows is applied eccentrically with respect to the axis of symmetry 214 of
the wafer 206. The wafer 206 is shown in Figure 14B as having the edge, or periphery, 301



the second unit of the linear bearing assenbly includes at IzéﬁtFEB@ggs

el ongated 30 bearing housing extending parallel to the central axis and
receiving the at | east one bearing shaft. 24 FEB 2005 47 27. Apparatus
according to claim24, further conprising: a conduit system extendi ng

t hrough the coupl er section and past the linear bearing assenbly to.the ,
chuck, the conduit systemcarrying fluisd at a reduced pressure for sensing
the presence of the puck on the chuck. 5 28. Apparatus according to claim
24, wheygmRid Witk Yidaxso hﬁﬂaﬂa r - I | - r .surface
configu?ed to match an ﬂﬂ;}ger S r%%ﬁefﬁ%fﬁgﬁggﬁ%ﬂggﬁ?@%@ﬁgt%er ovi ded
Wi th pexpesedsirdars of theepedi 209. Slhioshathod glovys BOPeRSioh 1612 byproviding @ke, the

apparatys. furth conprising: .a conduit system extending through the
coupl efetEBT A2 et s fis Bosiiom (Fiewedk2A) quronndias tsipgrivhery ABY ofthek, t he
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Apparatus according to claim?24, wherein: the first unit conprises a
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bear i ngithmédpectioithgpalishirgr sutfiics PHELHeM0a Wsled tE by 1003ty d&@&?&ﬁ@d on the
coaxi al axes; the separate |inear bearing units cooperating to resist the
t enden&fROsesurtace of Higiad 208 and eheygtaining ring 262 t@eard sacteothedsd thet thepad ol | i ng

r ti diti.oning puck =~ d heni cal
AR PR Lol REAGR 18 ARG W R e A R P e puck
on a chymietry BES e kespeot vePositionx bt SHpesyBRLYity #ithseipeéns thdpdlRhRlg! €|
relationship z%{r% axis of rotation of the pad and the axis of symetry of the
nount eﬂ“‘fﬁ‘iﬁ?ft P3Gt Tbe methodmorestooperation ABLAby thepgtikn pHtherliheamch ot her

par al | glarfh@s ﬁﬁ?re@?gﬁﬁg te tendency of the retainer ring 282 to tilt. Such resisting limits the
movement of the retainer ring 218 to movement perpendicular to the exposed surface of the
15  pad 209. As described above, in this manner the permitted movement of the retainer ring
282 in response to the force FP-W (i.e., movement parallel to the initial position of the axis
212 and 214) is in the same direction as the permitted movement of the chuck 262 and the
wafer 206 on the chuck 262 in résponse to the force FP-W (i.e., the direction parallel to the
initial position of the axis 212 and 214). Further, the resisting in this manner facilitates

20  making repeatable measurements of the eccentric forces FP-W. Thus, by the resisting of

Mg’

operation 1018 the force FP-W applied to the wafer carrier 208 may be accurately
measured, as defined above, even though such force FP-W is eccentrically applied td the
retainer ring 282. The method may also move to an operation 1019, which during the
urging operations 1014 and 1015 and the resisting operation 1018, is performed by
25  measuring the movement of the wafer 206 parallel to the direction of the axis of rotation
210. As defined above, this measuring provides an accurate indication of a value of the
polishing force, i.e., the force FP-W. The operations shown in Fi gure 24 are then done
As shown in Figure 25, operation 1015 may include a suboperation 1022 of
providing the plate 260 spaced from the chuck 262. Operation 1015 may also include a
30 suboperation 1024 of providing the bladder 292 between the plate 260 and the retainer ring
+ 282. Operation 1015 may also include a further suboperation 1025 of operating the bladder



25 rotation and to the axis of symmetry to cause the pad to iq ?? a
conditioning force on the nounted puck eccentrically with reéggg 502K5e
axis of symretry, in response to the conditioning force the puck having a
tendency to tilt such that the axis of symetry tends to nove out of the
parallel relationship with the axis of rotation; and during the urging’
operation resisting the tendency of theymounted offset puck to tilt while
30 allowing the puck to nove parallel to a direction of the axis of
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units conﬁ)ri ses at |l east three separate I'inear beari ng uni
32, each of the assemblies having a housing 254 or 274 provided with a bearing axis

and
perpendicular to the polishing surface of the pad 209. Each of the assemblies has the linear shaft
20 258 or 278 received in a respective one of the housings 254 or 274. The first set 252 of the
} assemblies is betweén the chuck 262 and the retainer ring units (280 and 282), and the second set
270 of the assemblies is between the chuck 262 and the chuck support plate 260. The method
moves to operation 1050 by holding the chuck support plate 260 at a fixed position along the
7 axis 212 to resist the movement of the polishing surface of the pad 209 toward the wafer 206.
25  Alternatively, the plate 260 may be urged toward the pad 209. On either case, the pad imposes
the polishing force FP-W on the mounted wafer 206 and on the reétainer ring 282 eccentrically
with respect to the axis of symmetry 214. In response to the polishing force FP-W the wafer 206
and the chuck 262 have the tendency to tilt such that the axis of symmetry 214 tends to move out
of paralle] with the axis of rotation 210. Referring to Figure 27, during fhe holding operation
30 1050 an operation 1052 is performed by which the first set 252 of the aséemblies is effective to
- limit the movement of the retainer ring 282 to movement parallel to the axis of symmetry 214.

During the holding of the chuck support plate 260, for example, operation 1054 is performed by



35. Apparatus according to claim 24, wherein the puck is pr02g dwth a
first dianeter, and wherein the first unit and the second unét ﬁﬂ%e an
array of linear bearing units unifornmly spaced around the central axis,
each linear bearing unit having a shaft 30 provided with a dianmeter that is
small in relation to the first dianeter of the wafer.
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322, the puck 218 hav1ng the initial axis of symmetry 224 and a puck surface parallel to the
polishing surface of the pad 209. The pad 209 has the axis of rotation 211. The method

moves to operation 1092 by offsetting the axis of rotation 211 of the pad 209 from the axis
of symmetry 224 of the mounted puck 218. The method moves to operation 1094 by

15  providing the chuck support plate 308 for resisting movement of the polishing surface of the
pad 209 toward the puck 218, the chuck 322 being movable relative to the chuck support
plate 308. The method moves to operation 1096 by providing the chuck 322 and thé chuck
support plate 308 with a plura]ity of pairs of linear bearing assemblies 304. Each of the
assemblies 304 has a housing 316 provided with a bearing axis perpendicular to the

20  polishing surface of the pad 209. Each of the assemblies 304 has a linear shaft 320 received

} in a respective one of the housings 316. The assemblies 304 are between the chuck 322 and
the chuck support plate 308. The method moves to operation 1098 by holding the chuck
support plate 308 at a fixed position to resist the movement of the polishing surface of the
pad 209 toward the puck 218. The pad 209 imposes the conditioning force FP-W on the

25  mounted puck 218 eccentrically with respect to the axis of symmetry 224. In response to
the conditioning force FP-C, the chuck 322 and the puck 209 on the chuck 322 have a
tendency to tilt such that the axis of symmetry 224 tends to move out of paralle]l with the
axis of rotation 211. During the holding of the chuck support plate 308 at the fixed position
the method moves to an operation 1098 in which the assemblies 304 are effective to cause

30  the mounted puck 218 to resist movement of the polishing surface of the pad 209 and the
puck 218 towards each other. Referring to Figure 31, the method moves to an operation

2000 to limit movement of the chuck 322 relative to the chuck support plate 308 to
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1 10%& The metodmépisdy@Gperation 2030 of providing the openings 903 and 904 in the puck 218
through which the fluid 648 may flow. The method moves to an operation 2032 in which the
puck carrier 220 is provided with an upper surface and the lip 900 at the peripheral edgé of the
,10 puck 218. The method moves to operation 2034 in which the puck carrier is configured
conforming to the configuration of the manifold 420 of the chuck 262 to spread the fluid 648
completely across the surface of the puck support carrier 226. The method moves to operation
12036 in which the puck 218 is positioned with the puck support surface oriented horizontally and
the lip 900 extending upwardly from the support surface. The method moves to operation 2038
15 in which the port 920 and ducts 926 are forﬁlcd through plate 308 and section 642 of the puck '
catrier 220 to the puck support surface on which the puck 218 is to be placed: The method
moves to operation 2040 in which the fluid DI water 648 is supplied through the puck carrier
220 to the port 932 to enable the configuration of the puck carrier 220 (i.e., a manifold) to spread
~ the DI water 648 across the puck support surface within the lip 900 to immerse the puck 218 in
20  the DI water 648 in the reservoir. The supply is such as to make the DI water 648 flow

S

outwardly from the manifold 720 through the perforations 903 and openings 904 in the puck
218, past the puck 218 and slowly over the lip 900 forming a waterfall slowly flowing off the
chuck 322. In this manner the puck 218 .on the chuck 322 is immersed in the DI water 648 and |
the DI water 648 flowing past the puck 218 purges, or cleans, the puck 218, thereby assisting in
25  the desired conditioning of the polishing pad 209 by the puck 218.
Referring to Figure 34, another aspect of the method of the present invention relates to a
method of conditioning a polishing pad. The method starts with an operation 2050 in which a
puck 218 is mounted on a chuck 322 with the puck axis of symetry 224 perpendicular to
polishing surface of the pad 218 and the conditioning surface of the pad 209 parallel to the
30 polishing surface. The method moves to an operation 2052 in which the axis of rotation 211 of
the pad 209 is offset from the axis of symmetry 224 of the mounted puck 218 with the axes 224

and 211 parallel to define an initial orientation of the puck 218. The method moves to an
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J10  which during the move operation 2054 with the movement limited, the limited movement is
sensed to indicate an accurate value of the polishing force FP-C applied on the conditioning
surface of the puck 218.
Referring to Figure 36, another aspect of the method of the present invention relates to a
method of conditioning a polishing pad. The method starts with an operation 2070 of mounting
15 the puck 218 on the 322 chuck with the puck axis 224of symmetry perpendicular to polishing
surface of the pad 218 and the puck conditioning surface parallel to the polishing surface. The
method moves to an operation 2072 of offsetting the axis of rotation 210 from the aﬁis of
symmetry 224 of the mounted puck 218 with the axes 210 and 224 parallel to define an initial
orientation of the puck 218. The method moves to an operation 2074 of moving the polishing
20 surfaée of the pad 218 and the conditioning surface of the puck 218 toward each other. The
} method moves to an operation 2076 lof providing the array 265 of linear bearing assemblies 310
adjacent to mounted puck 218. Referring to Figure 37, the method moves to an operation 2078
of using the assemblies 310 during the move operation 2074 to substantially limit movement
from the initial orientation and permit only movement of the mounted puck 218 with the
25  conditioning surface parallel to the polishing surface. The method moves to an operation 2080
of sensing the limited movement to indicate an accurate value of the polishing force FP-C
applied on the lconditiom’ng surface.
Referring to Figure 38, there is shown a graph schematically illustrating how the pressure
B applied to the fluid 293 admitted to the linear motor 290 may be varied with the amount of
30  overlap OL (Figure 1B) between the polishing pad 209 on the one hand, and the retainer ring
282 and the wafer 206, on the other hand. As described above, to uniformly polish the exposed

regions 204R of the wafer 206, for example, uniform amounts of pressure should be applied to
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Although the foregoing invention has been described in some detail for purposes of
15  clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments

are to be considered as illﬁstra‘tive and not restrictive, and the invention is not to be limited

to the details given herein, but may be modified within the scope and equivalents of the
appended claims.
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cooperating to resist the tendencies of the chuck and the wafer to tilt so that during
15  movement of the second unit and of the chuck and of the wafer theteon relative to the first

unit the wafer axis remains coaxial with the central axis and parallel to the axis of rotation.

2. Apparatus according to claim 1, further comprising:
a sensor mounted on the first unit of the linéar bearing assembly in a position to
sense the location of the first unilt of the linear bearing assembly relative to the second unit
}20 of the linear bearing assembly upon exertion of the eccentric polishing force, the sensor
providing an accurate indication of an amount of the eccentric force from the pad

nbtwithstanding the eccentricity of the force from the pad.

3. Apparatus according to claim 1, wherein:
~ the first unit of the linear bearing assembly includes at least one elongated bearing
25  shaft extending parallel to the central axis; and
the second umit of the linear bearing assembly includes at least one elongated

bearing housing extending parallel to the central axis and receiving the at least one bearing
shaft.

4. Apparatus according to claim 1, wherein the linear bearing assembly is a first

30  linear bearing assembly, the apparatus further comprising:
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)10 and being movable relat:lve to the first unit and the third unit, the third and fourth units

cooperating to resist the tendency of the ring assembly to tilt so that during movement of
the third unit and of the retainer ring assembly relative to the fourth unit the axis remains

coaxial with the wafer axis and the central axis.

5. Apparatus according to claim 4, further comprising:
15 a linear drive positioned between the retainer ring assembly and the first unit for

moving the retainer ring assembly relative to the chuck and to the wafer thereon.

6. Apparatus according to claim 1, further comprising:
a conduit sysiern extending through the coupler section and past the linear bearing
assembly, the conduit system alternately carrying fluid at a reduced pressure and liquid fluid
20 for alternately holding the wafer on the chuck and washing the chuck;
wherein the chuck comprises a vacuum chuck having a manifold for distributing
reduced pressure across a bottom surface of the wafer on the chuck and a porous section
mounted on the manifold, the porous section being formed from lar'ge pores; and

a connector for joining the conduit system to the manifold.

25 7. Apparatus according to claim 5, wherein the linear drive is a pneumatic dﬁve, the
apparatus further comprising:
a conduit system extending through the coupler section and past the linear bearing
assembly, the conduit system being adapted to carry fluid at selected various pressures for

causing the linear drive to move the retainer ring assembly relative to the wafer on the
30 . chuck.
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to be directed by the nozzle toward the periphery of the chuck.

9. Apparatus according to claim 8, wherein the retainer ring assembly is rotated by
)10 the coupler section and the retainer ring assembly is provided with an outlet duct extending
from a position radially outward from the space; and wherein the rotating retainer ting
- assembly rotates the fluid in the space and the rotating fluid flows from the space into the
duct.
10. Apparatus according to claim 1, wherein:

15 the first unit comprises a plurality of linear bearing shafts and the second unit
comprises a plurality of linear bearing housings, one of the shafts being received in one of
the housings to form a separate linear bearing unit, the linear bearing units being uniformly
spaced around a circular path centered on the coaxial axes; the separate linear bearing units

cooperating to resist the tendencies of the chuck and the wafer to tilt.

20 11. Apparatus according to claim 1, wherein the plurality of separaté linear bearing

units comprises at least three separate linear bearing units.

12. Apparatus according to claim 1, wherein the wafer is provided with a first
diameter, and wherein the first unit and the second unit comprise an array of linear bearing
units uniformly spaced around the central axis, each linear bearing unit having a shaft

25 provided with a diameter that is small in relation to the first diameter of the wafer.

13. Apparatus for chemical mechanical polishing of a semiconductor wafer having
a wafer axis, comprising:
a polishing pad having an axis of rotation;
a chuck for urging the wafer against the pad with the wafer axis parallel to and
30 displaced from the axis of rotation, the pad providing a polishing force that is eccentric with

respect to the wafer axis; and
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0 the chuck support is configured with an array of bearing housings, each of the
5 bearmg housings having a housing axis parallel to the axis of rotation; and
the chuck support is further configured with a linear bearing shaft received within
‘each respective one of the bearing housings of the array, each of the respective linear
bearing housing and shaft received therein resisting the tilting force so that in response to
the eccentric polishing force a motion of the chuck bearing housings relative to the chuck

)10  linear bearing shafts is substantially parallel to the axis of rotation.

15. Apparatus according to claim 14, wherein the chuck support is further
configured with a linear bearing support plate carrying the lincar bearing shafts and a main
bearing housing carrying and movable with the array of bearing housings; the apparatus
further comprising:

15 a sensor mounted on the linear bearing support plate in a position to sense the
location of the main bearing housing relative to the linear bearing support plate upon
exertion of the eccentric polishing force, the sensor providing an accurate indication of an
amount of the eccentric polishing force notwithstanding the eccentricity of the polishing

force,

2o 16. Apparatus according to claim 13, wherein the chuck support is configured with

a plurality of linear bearing housings, each of the housings having a housing axis parallel to
'+ the wafer axis; and wherein the chuck support is further configured with a wafer-retainer

ring unit having a ring axis and being adapted to surround the chuck, the wafer-retainer ring
unit being configured with a linear bearing shaft received within each respective linear

25  bearing housing, the linear bearing shafts mounting the wafer-retainer ring unit for
movement relaﬁve to the chuck, each respective linear bearing housing and shaft received
therein resisting the tilting force so that the movement between the retainer ring unit and the

chuck is substantially parallel to the wafer axis.

17. Apparatus according to claim 16, wherein the retainer ring unit is further
30 configured with a plate for supporting the linear bearing shafts, the apparatus further

comprising;
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5 a polishing pad having an axis of rotation;
| a wafer-retaining ring unit surrounding and mounted for movement relative to the
chuck, the unit receiving the eccentric polishing force, the unit having a ring axis;
a chuck for mounting the wafer with the wafer axis parallel to and displaced from
the axis of rotation to enable the pad to apply to the wafer a polishing force that is eccentric
10 with respect to the wafer axis, the chuck being configured with first and second sets of
housings, each of the housings of each of the sets having respective cavities provided with
cavity axes coaxial with the axis of rotation;
a chuck support configured with a first set of linear bearing shafts, the shafts being
received within respective ones of cavities of the first set of housings, the respective linear
15 bearing shafts and cavities of the first set resisting a first tilling force on the chuck resulting
from the eccentric polishing force so that in response to the eccentric polishing force a
motion of the chuck relative to the chuck support is only parallel to the axis of rotation; and
a second set of linear bearing shafts on the unit, the shafts being received within
respective ones of cavities of the second set of housings, the respective linear bearing shafis
20 and cavities of the second set resisting a second tilling force on the unit resulting from the
eccentric polishing force so that the motion of the retaining ring unit relative to the chuck is
only parallel to the axis of rotation.
19. Apparatus according to claim 18, further comprising:
a load cell mounted on the chuck support in position to be contacted by the chuck,
25 the load cell providing an accurate indication of an amount of the eccentric polishing force
notwithstanding the eccentricity of the polishing force.
20. Apparatus according to claim 18, further comprising:
a motor positioned between the chuck support and the wafer-retaining ring unit for

moving the ring unit relative to the chuck.
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offsetting in paralle] relationship an axis of rotation of the pad and the axis of symmetry
5  of the mounted wafer;
urging the pad and the offset mounted wafer toward each other parallel to the axis of
rotation and to the axis of symmetry to cause the pad to impose a polishing force on the mounted
wafer eccentrically with respect to the axis of symmetry, in response to the polishing force the
wafer having a tendency to tilt such that the axis of symmetry tends to move out of the parallel
}10 . relationship with the axis of rotation; and

during the urging operation resisting the tendency of the mounted offset wafer to tilt

while allowing the wafer to move parallel to a direction of the axis of rotation.. -

22. A method as recited in claim 21, further comprising:
during the urging operation and the resisting operation measuring movement of the
15 mounted offset wafer in a direction parallel to the direction of the axis of rotation to accurately

indicate a value of the polishing force.

23. A method for controlling relative movement between a chemical mechanical
polishing pad and a wafer to be polished by the pad, comprising the operations of: |
mounting the wafer with an exposed surface of the wafer parallel to a polishing surface
)20 of the pad, the wafer having an axis of symmetry, thé pad having an axis of rotation;
offsetting the axis of rotation of the pad from the axis of symmetry of the mounted wafer
w1th the axes parallel to define an initial orientation of the wafer; _ |
moving the polishing surface of the pad and the mounted wafer toward each other with |
the exposed surface of the mounted wafer resisting the polishing surface of the pad so that the
25  pad imposing a polishing force on the mounted wafer eccentrically with respect to the axis of
symmetry, in response to the polishing force the mounted wafer having a tendency to tilt such
that the exposed surface tends to move from the initial orientation and out of parallel with the
polishing surface of the pad;

providing an array of pairs of linear bearing assemblies adjacent to the mounted wafer,

30 during the moving operation the assemblies being effective to substantially limit the movement
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5 24, Apparatus for conditioning a chemical mechanical polishing pad having an axis of
~ rotation, the apparatus comprising: |
a coupler section having a central axis;
a conditioning puck having a puck axis;
a chuck for mounting the puck with the puck axis initially coaxial with the central
10 axis and paralle] to the axis of rotation, the chuick being adapted to receive a force from the
pad, the force being parallel with the axis of rotation and eccentric with respect to the puck
axis and tending to tilt the chuck so that the puck tends to tilt relative to the initial coaxial
relationship of the puck a_xis relative to the central axis; aﬁd
a linear bearing assembly having a first unit secured to the coupler and positionéd by
15  the coupler at a fixed location along the central axis, the assembly having a second unit
Scc_ured to the chuck and being movable relative to the first unit, the first and second units
cooperating to resist the tendencies of the chuck and the puck to tilt so that during of the
second unit and of the chuck and of the puck thereon relative to the first unit the puck axis

remains coaxial with the central axis and paralle] to the axis of rotation.

)20 25. Apparatus according to claim 24, further comprising:

a sensor mounted on the first unit of the linear bearing assembly in a position to
sense the location of the first unit of the linear bearing assembly relative to the s_ecohd unit
of the linear bearing assembly upon exertion of the eccentric polishing force, the sensor
providing an accurate indication of an amount of the eccentric force from the pad

25  notwithstanding the eccentricity of the force from the pad. .

26. Apparatus according to claim 24, wherein:
the first unit of the linear bearing assembly includes at least one elongated bearing
shaft extending parallel to the central axis; and
the second unit of the linear bearing aséembly includes at least one elongated
30  bearing housing extending parallel to the central axis and receiving the at Jeast one bearing
shaft.
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further comprising:
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a conduit system extending through the coupler section and past the linear bearing
10 assembly to the chuck, the conduit system carrying fluid under pressure; and
wherein the chuck has a manifold connected to the conduit system for distributing

the fluid to substantiaily all of the perforations to uniformly purge the puck.

29. Apparatus according to claim 24, wherein:
the first unit comprises a plurality of linear bearing shafts and the second unit
15  comprises a plurality of linear bearing housings, one of the shafts being received in one of
the housings to form a separate linear bearing unit, the linear bearing units being uniformly
spaced around a circular path centered on the coaxial axes; the separate linear bearing units

cooperating to resist the tendencies of the chuck and the puck to tilt.

30. A method for controlling relative movement between a pad conditioning puck
}20 and a chemical mechanical polishing pad, comprising the operations of:

mounting the puck on a chuck, the puck having an axis of symmetry;

offsetting in parallel relationship an axis of rotation of the pad and the axis of rsymmetry
of the mounted puck;

urging the pad and the offset mounted puck toward each other parallel to the axis of

25  rotation and to the axis of symmetry to cause the pad to impose a conditioning force on the

mounted puck eccentrically with respect to the axis of symmetry, in response to the conditioning
force the puck having a tendency to tilt such that the axis of symmetry tends to move out of the
parallel relationship with the axis of rotation; and

during the urging operation resisting the tendency of the mounted offset puck to tilt while

30  allowing the puck to move parallel to a direction of the axis of rotation .

31. A method as recited in claim 30, further comprising:
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during the urging operation and the resisting operation measuring movement of the
mounted offset puck in a direction parallel to the direction of the axis of rotation to accurately

indicate a value of the conditioning force.

32. A method for controlling relative movement between a chemical mechanical
polishing pad and a pad conditioning puck, comprising the operations of:

mounting the puck on a chuck, the puck Having an axis of symmetry perpendicular to a
polishing surface of the pad and a conditioning surface parallel to the polishing surface, the pad
having an axis of rotation; '

offsetting the axis of rotation of the pé.d from the axis of symmetry of the mounted puck

with the axes parallel to define an initial orientation of the puck;

moving the polishing surface of the pad and the conditioning surface of the puck toward
each other, the condiﬁoning surface of the mounted puck resisting the polishing surface of the
pad, the pad imposing a conditioning force on the mounted puck eccentrically with respect to the
axis of symmetry, in response to the conditioning force the chuck and the mounted puck having
a tendency to tilt such that the conditioning surface tends to move from the initial orientation and
out of parallel with the polishing surface; and

providing an array of pairs of linear bearing assemblies adjacent to the mounted puck,
during the moving operation the assemblies being effective to substantially limit movement from
the initial orientation and permit only movement of the mounted puck with the conditioning

surface parallel to the polishing surface.

33. A method according to claim 32, further comprising:
during the moving operation with the assemblies limiting the movement, sensing the
limited movement to indicate an accurate value of the polishing force applied on the

conditioning surface.

34. Apparatus according to claim 24, wherein the plurality of separate linear bearing

units comprises at least three separate linear bearing units.

35. Apparatus according to claim 24, wherein the puck is provided with a first
diameter, and wherein the first unit and the second unit comprise an array of linear bearing
units uniformly spaced around the central axis, each linear bearing unit having a shaft

provided with a diameter that is small in relation to the first diameter of the wafer,



