;" #3U&' e3eBB889<x=, B6bBTBOT$ CMP APPARATUS AND METHODS TO CONTROL THE TILT
OP THE CARRI ER BEAD, THE RETAI NI NG RI NG AND THE PAD CONDI TIONER 5 1. Field

of the | nwenf2amoeThe preswﬂww,I i rel ates general ly tpgralRihesd
mechani cal polishing ( ' m%mg techni ques for inproving the
performance and effectivenessggf, operations. Specifically, the present
invention relates to carrier heads for wafers and pad conditioni ng pucks,
in which repeatability is provided in neasuring forces applied to the heads
eccent ri c&MP3WPIHFRABISHODREITHORSHOL O ROIHHER B A O ThH(@YR&IHR HENR. THE BEIR\ININE RINGt he

waf ers and the pucks, do noingtildrabtokBERNIREe t 0 the eccentric forces, but
instead the heads are allowed to nove parallel to a wafer axis, The present
invention also relates to facilities for CWP opera“ﬂ\ﬂmmmmmmm‘was facilities
for supplying fluids to, and renoving fluids from heads for
the CMP operations without interfering with the CVP opersat#ons. 15 2.

Descqi pyion rt In the fabrication of sem conductor devices)
the(r:ge iis' a nigiiee(ljd F@‘hgglé‘ ol?ﬂ)]déNP operations, including polishing, buffing,

and wafer cleaning. For exanple) a typical sem conductor.. wafe be made
rom si |1 cont Brenay enio el g eraifL o ismical reChimeal pyishing (P Lov3lenty
ease of yfipseHnidies 6% inipAévih £ihepeMBinPince hifd SSRA VORI OV CNPAGREdioRE and incl ude
such sem conductor 20 wafers and other planar structures) or substrates,

t hat ar 8passfenally othe prasenttinesinten related togarrisr beads don wafeisrandipad condiyporing pycks,
integrated .circuit devices.are in the form of fti,-level structur

F 2br | c attatigh R B s PESidk T pibagting 18 BpeivR s i b el v  ng

di ffoIsi pRid KW SMhe AER, VAERROhe hEadS PRI tHeaNdfers 1@ kife puckd, @b GBNAR & response
metal lization lines are patterned and el ectrically connected to 25 the

t r ansi stoghe desghigisforces, duf insigad the hdadsi arealldwasdctoingovgl patidle] o wiar xds.nEhe
conductive layers are insulated.frqm r conductiyve layers.by dielectric
ot er | abEeer N ERTaT R, e RSl SO MR RBY it B o Br o i g <
are forfigds td, ARd RERSViIAPARIRNBH, R dafifer ReRIsE6L the CMPRbEErhi#dns B REFRS fering

Wt hout planarization) fabrication of additional netallization |ayers
beconmeswsh it GMA eflerapionere difficult due to the higher variations in the
surface topography. In other applications, 30 netallization |ine patterns
arel3 or 2ed i Desdriptibnaifehé RelatedbAetr i al , and then netal CMP operations are
performed to renove excess netallization. WO 02/ 2a-t10 2 PCT/ USOL/ 29799
In the pri or It fabelvhicyeitsefconii@iteieddvices, Tdre ieNheeded berfriDCME opepdtidag ush
stations in which belts or brushes are used to scrub, buff) and

 in which b pads . .
pol i sh dnduding pelishiag, bukfing: and wafeeeleanipg, oF erienampls, @ Bwiea) prmigendofor sysédrat | on
being p t al LalsS,q: : LISE fiacilitate
and npaebd e fRhisRioon R e Bk aidt il £ 307 it ' soh ¥ GndeE, B’ S
i nt r oducgdesvription, thowrmg wafePanatd bélowus Haseibe andlincludelsich eaficonducsh, and
the |like) and distributed over the preparation surface as well as the
surfQice wiersRad other PlaRyEIERISePTSUbHE Gy that ate dged tespPRMERIcctEfal O BleEtiprie
pr epar ecLix%ié he CVMP process. The distribution is generally acconplished by
a conbi nation of the novenent of the preparation surface, the novenent of
t he sem condUgpiodlly\aitegra@d dirtuieddvides iedn tiiy formed nhsdd M@ hstidveursefibricaetict or

waf er and the ) i ) L )

on such wafers. At the wafer level, transistor devices having diffusion regions are formed. In
subsequent levels, interconnect metallization lines are patterned and electrically connected to

25 the transistor devices to define the desired functional device. Patterned conductive layers are
insulated from other conductive layers by dielectric materials. As more metallization levels and
associated dielectric layers are formed, the need to planarize the dielectric material increases.
Without planarization, fabrication of additional metallization layers becomes substantially more
difficult due to the higher variations in the surface topography. In other applications,

30  metallization line patterns are formed in the dielectric material, and then metal CMP operations

are performed to remove excess metallization.



10 preparation surface. In a typical CW system a wafer is nmounted on a
carrier with a surface of the wafer exposed. The carrier and the wafer
rotate i nweodi§acti on of rotation. The CVP process may be paghisgy@g f Or
exanpl e, when the exposed surface of the rotating wafer and a polishing pad
are urged toward each other by a force) and when the exposed surface and
the polishing pad nmove 15 or rotate ina polishing pad direction. Sone CWVP
processes require that a significant force be used at the tine the rotating

waf er is bei ol.i she t he polishin ad. rmal ly, th ol.i shi ng. pads
uacd in"tho BN By MY o i Saicilt PhBRG S, Pl b iy ViR

. Hovever pbejtd) padyTer 6AEhe3 Yadd €428 1o 4760, R, Bkt pislisR3EE o Both GRIRS B Awhiexed abrasive
particles throughout their surfaces. Depending on the formof the polishing

pad usediccadingte the ype pf CMP operatmmieigdesformed, squa o vatgtily sudressboty, as
NHAO0H, I i t ai ni i d i ticl b l'ied

o the ord iR Rk B CMEETE o Thb et He e PedusEn”  ©

bet vieen ifhRIuBa bibhMbviabpRPAat e RHEOTes M fRE 8rih, fidqhdBk&hand SRR

probl ems may be encountered while using a typical CMP system' One recurring
pr obl emover the pteparatienl sprfast fag wvell 'as vhiei sutfagesofdheiscani cotdantor hafeEbRing \baffedn

pol i shes dge of the 25 fe different.rate than other regions of
Phe vt piobpficotcasterwis pocairatEy e Fef afoesssc 1B isfufionds FesFAlar of § Le on ¢ he
exposed agsimpisRedby b BEmWRAESN of tHE MRV ARERITE tRSOSIrAidRGutfatd) uRAdg6veidnest can
be divided to two distinct categories. The first category relates to the
so- cal | ¢he sepuebndagiouwdfee hicthe frictennudredterthbatwean thieericpndugtoroaferaand thef t he
poli'[oshi ng pa Wltgxt,l t he edge of the wafer. Wen the polishing pad initially
contact ¥ THE'GHGE YF t he wafer, the pad rebounds (or 30 bounces off) the
edge, such tiaftypids O sTRYMAS SR iPmBEMEd bi k BartieARRh a SOFa¥Pehd Wifer Shape
may produce non-uniformprofiles on the exposed surface of the wafer. WO

02/ 2- t - 4xposeCTIhe Soti¢2gAdBe Water saiato mla dueatigoof rotgtior el iedUMP-pybdess wiaf det .

The burn-off effect occurs en a sharper .edge, of the wafer j.5.excessively
ool | shedelevsck fararenBEo PP aRedied NETEE f Hedoifing Al dnd SRPSiHREsd ot <
happens \ReGabwgrdeaSIPBHEAS 2kdrEe, aR®Whkn e RpERE Yafadein@ MRS ;%&thﬁ@ phfigoRege of
the wafer as a result of the surface of the pad applying the force on a
verlp smar rotatoin apelishingpadfditendors SomoSMP pracdssesaeqiire thet asagrificqnd édreebel as

t he edge cpntact zane). .AS a.consequenc he rn off effect, the edges
of -t ne  paSAl e imB B binuE e LB POTRe by PP B B *r ender s the edge
regi on unusaRb@ndf! the PBIiEHAS patE uSéd InGROCHEV YRS ¥ 86pdsed bPpbreasdnNg of
conventional CMP Systens is an inability to polish the surface of the wafer
al ong a fibesismeateridlni Howexgrl inypeme §IMP isystem©Qtht pedishing padhmay episgiadixedr f ace of

f 0 that h d : fabricati ds tp.be of .a diff t
£ ckne<bate Era RS wrRbEEE i A=y aPeb e o e o o bofoifh drdatfl |
a tUPi Cahe AGRY AAYbRRBMPEI o WA h§iBous Bslufiditsugh aé REEOFD BEDS wakte cemthinirg

exposed surface of the wafer. Such pad surface is designed to apply a force
on a so-dispersedabrpsivg patielgs may be applinditp the nefishing ped.sheyelly ergatingcan abrasivge

tnt 1« Aeicnf Sfiny Rlseh e bAThEE Ront I xplled Uilihe SHE vl U7 o o

the pad pol i S$dvefal piodldms s b&endoaierediwhHiRapRgtd typical CMPsyw@ity (eoktdrin®f
the finishing layer, thereby causing the thickness of the finishing |ayer
to be namoblemiveatied Serdae effieptc uvhich angausest Woan thp PIMR sxstesm pokishgs pn edgelpd theg

Govie. by o RERTorl U8 s PR oot A58 S ElE el St 4"

cert ai n foliuakoas profmeibal e xperdedrfade dtkiewafe TS probleftaddoclatdiesitinedke
conductive vias therein.
effect can be divided to two distinct categories. The first category relates to the so-called “pad

rebound effect” resulting from the initial contact of the polishing pad with the edge of the
wafer. When the polishing pad initially contacts the edge of the wafer, the pad rebounds (or
30  bounces off) the edge, such that the pad may assume a wave-like shape. The wave-like shape

may produce non-uniform profiles on the exposed surface of the wafer.



20 These problens of prior CMP operations, and an unsol ved need in the CW
art for a CWP systemthat enables precision and controlled polishing of
speci f i cabynhariget ed waf er surface regi ons, while substapciralshi29799

el i m nating danagi ng edge effects) pad rebound effects, and edge burn-off
effects, are discussed in related United States Patent Application No.

09/ 644,135 filed August 22, 2000 for Supaperture Chem cal Mechani cal

Pol i shing System and assigned to 25 the assignee of the present application

el at edappt (PRl Bty it SAPRT ik imhBbuntort R Sk b Adyplr *"

. appl i catedg@of the walkihis &xbksdi Ry Bolidhed ad it ekecorldtt HitA RMUrLé 8Fhe PBBshing
t opography of |ayer surfaces of the exposed surface of the wafer so as to

creat e Pad\Phisheppens becquay e eonsiderabieampunt of pigesuge isexenedoBiechgewlibe s

_ throughqut.. Such temipplements a rotating carrier.in a subaperture
pol 1 Shi Nt ASReh B8 St ol e B APy Ee 1Dl ok oo o S W
ef f ect s .expodd kedpauend aef Wefet Gefindtlasaflgeddewontadl fon€f. f £€4 SonsEQieneX ok Burnone
enbodi ment of such CWP systemincludes WO 02/2.1.110 4 PCT/USO1 /29799 a
ear ner 9dfeffagt, dha esiges of tha sesuliing peliBhndtwaters eghibit a bupering has tanflers éhegfdge he
carrier ri S Sltlalsisg Ic} tt%bhmtd a céor(at ate a wafer having one or nore forned
| ayers t"6F'8% B‘f Elg U PR RSP PREFUHBY i s a preparation head, such as a

pol i shi ng heAgsthéteshbBE@Aing@f BEnRARbAE CMPs@terhsS8 8h ix?abﬂﬁ%&é Polishfithd fipfasaf er,
wherein the portion is |less than an entire portion of the surface of the

waf er . Aftheovgfhr Jorge Hestiop fiyshingntayer prafde.t Qedinasdy dhelexpasedh sutfasd gba sfafasct s,

o el ant e i ofiRE kRt eloods 3L alico L RR b FR kP BB dhd o

t he waf afarigd@ thiekhdi® ot@btheédgal IiRa hyPical Eevehticial CMEGGRM, thepadd dubfaespect
to an initial orientation of the wafer and the carrier. The 1 nitial

or i ent atcioyers thecantisreexpased syrfapeof the wafer abudrpadfsutfaes: is designasiio @pply idforgg foar

d of th i.er. (which.are. i al__and, positioned 10 substaniiall
vort | catt§yCined oiaibl e MR GoR hboi R HOBE Skt AERAR e, o1
of the qymesest theifihRBingMyet e puatiRd nvihine FinishinaaydrioaadtantialdnflatnThig!

angl e of ninety degrees with respect to the initial substantially vertical
or i nt atthosuréice phihe pad poligheathedinpshinglaysrarrespeetivg af tilee wayy profije of the t erm

"substantially vertical" nean r.ue vertical...and i ncludes tr.pe vertical

o us or. TS ¥ et bl cnA e Wbl SO Rbisn R BloB R M e ety Sl
those t Qinit fbeiBatioldpphitations téyube Mdt BYertdis Efcin@ssSe Matked banfhifhihes i upports
for such carriers. As may be understood fromthe above discussion of the
edge ef fasdardo byiddia weddug de\ded. diar dnstange) kg dinkahing-layer were adicdectrig laygrut d be
undesir for b Cr t o) e waf er
and t he (Eipp bk HoBEARHebAR b MR 1d feriBRha 118s RO BRIy herel
asspoe a til Tede prdbderhadf pHor QMEB @perafishspdrid Drungdlved gecdda i CMP drofog@. Such
tilting or tilted 20 orientation would occur when such central axes of the
waf er arffeMBsystera thatcpaties pregision ang eentiollad polishingcafisperificalty{asgeted avafer

above-d i L nor. i - tol. | gl y a
umber - QhrpeioRe e JTESHARYG b kil 3REn, IR AR YR IR erfec dnd”
carri er sdgbBimpsteefestts, wif dischisded im raditePUniaéd Suateb Padnt Applicatisn Nohowd4Ha33 ng a
pol i shkgﬂﬁ(s)ggéqfor exanpl e. The ginbals allow the wafer carrier (wth the

waf er 87 X9 forSyhapertyyp ChemicahMeshpnicah Pelishing Systerg apdpnsignpd tp
relativ ALt I At i a0 « [ a e nd
tnetbar b osTAEe of Bk by WppBH (B add ForfElh ), DOkl MR ade
t he waf efrawiagbef siich a¢laed gpplicatite iretblyahis sefbehadincapbiatadan thepesensuch as
about eighty-five to eighty-eight degrees fromhorizontal, which is a

si gni fi c@RlCEParture fromthe initial orientation described above. Thus,
due to the aj] LAt . i

per pendi cul airn St%}gﬁ?ﬂgetuli ?14)@ ?31‘5‘2?@%? g??%?%iﬁvgggﬁg 8]:(?}?&%?%% gﬁ&gllxsl%éﬂ g S %frt’u}ée

* waf er argtpbded sadidel afithe Wher §0 id toreeeasd 4 OMEPUproyessedlay ¢ satfatesswhigh hbiea uniform

appropriate when the polishing pad has an area about the sane as that of
t hed®x pdb'é‘lil"@ﬁl Hrgighoyt. Jucd QM? SYStgAmplsaesdofing RETISEH! & ﬂ{béquﬁl“%ver | aps
the are . : 0 99
Hovever PAPREoTHRRAR, St Bk abifE-eh e ool Bl Rl P itbaRg o
area of dffeetspaidieslgé barnpeffl effécs. Fotarphple, sleasnbodimémiofibiioh CMErdystpmtiheudesea
of the exposed surface of the wafer) such ginbals my not be used. In
detail, such initial orientation of the central axes of the wafer 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
nmust be awe @edidf the desired planarization of the exposedrawolaege of the
wafer is to be achieved. In U S. Patent No. 4,244,775, a polishing plate is
provided with a dianeter about tw ce that of a sem conductor body to be
treated. The body is nounted in a suppojting holder in a 10 manner that
presents an entire surface of the body to the polishing plate. As a result)
novenent. of .t he body and.of the s ort halder w thin col lLar. toward and
vy 1 r drierice RORE PR TEes et £ PG Malorl chiiop Mrbl o Pre" St SUEPA

_ body 't 0 HoltParidbtatdrh RafeP hadifg oREEAHSR fbffedldPRe Id bd WEFRED. SRIHHRY Efuded & pody,
t he hol der nust have a relafively large diaheter, e.g., nore than eight

i nches ipteparasiopdwid, sncluast aopolishing head, designeghio be nppliedi tatleast apmition of theis, i n

t he exanpl.e of 15 such waf.er, the length of t col l ar iC | d
 goner al TYRTE el ERER s e At o BT Beiam st CTareEb Rl A et MUoUEh esul
of thi s sganEMIUEARldnPRvdds thE 8bA@Ldeddrivedleabd MectO pidRbeEd SRRAUSIPEdRD- t he
| ength of the collar is directly related to the dianeter of the

sem condiiCeftactshthgyapplicavion of susbpsendrativorhead in thigimannsuaipliesa ferce sl thar ,
frictional |qgsses | d be relatively |arge bet n the collar and.the
suppor ¢ RBPSE AR e Bl Bl Gl faffeaiSh MAER dhe O s PR B

vaf er CcahifjaPérfenfadion of @RWwHEOMIAARE caMitl THeahitABbRntRAhANEEsQR iNRch t he
wafer is directly placed. One such wafer carrier provides a nunber of holes
t hr ough origatatien af cantrakaxes obthewtifertand of theunarmiar §whish laieeapakial angkepositfoaed | n
thegry, a wafer present t he metal .backin i1l bl.ock the flow. of air

el ¥ ey SrRaRg e im fp iehiagon Aish ToRiedes ag i rishEgon BFBE! af ng a
vay 1o ichfbealrthROIMERLRERIALL fsRsBAGT at JHONBYSglVFGHMEY aRRbds8ut hr ough

25 such holes can deformthe wafer and interfere with the accuracy of
pol i shi mespepido shd il substantalya¥esticad prietiationeefahe bential axgs oftheoyafer andrthe used

" i PSS R SRR Bl ok B R G e
of waf ermiaas horfial RiceNArQS tlertfed Fofn iy @irié, subifaLdbsd @Iﬁrar§5§@?ldﬂ}/§lr has

onehal f mcron to one micron pores. Investigation relating to'the present
i nvent i dwearingsiused isspirddes a0 other bupperts éoresugh sareikls. mi cr on- si ze poxes coul d

ily cl d I d be difficult to clear. | | h '
cl oansd by RO S8 BB fom e bbesf Bictiion SEHF Flie ffeefniti Bl e ™ Vo
021 2- 11Q1fRetY/ dddQlge BURDAT SffMAf8Fould B8 uRIARITRBIE for EALIPeccERIEID fE1RE &Y Eaudé fhe

appl i ed externaléy of such ceramic layers even though the clogged) very
smal | micenwal-agevef thoweter andtheairige ta ¢rpaitdseen theAnitial orientasiootehé to e of

l'i shi h f f l.i sh
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t he exposed surface and parts of the Garner. As a result, this tyge of

syst em distirahmorgthas thetabpyradgsenbadaarmpl mechanichl tolerances frgmitrugriertirab Rodwd

f t hat, f ly. . Anot bl d i i di ti
o b B bR et SRR bR 0k Bt B RP 2L o
a parti Gidfers tyapepafhiibh ReadYBith adiafHetd RiVingd s PEIshirigthdS o RSarkPle( The gimbidd er

polishi:&pand buffing). Here, the carrier wth the wafer attached, is first
mount ed alipwohe wafes camist (withstha (wader meigedahereer)te dilt and assusmpick aitidigd of t he

e poraarg® Biad e SOy ke SRR o £l B bt 8 et ol Mooy s

st at i on,desdribed ABove, bechtllting SWWsahiE Expdsbesigfaze of the Wiféri t6 dBtat Seamplelsthéor very
smal | carriers that may be universally used with many types of processing

st at i onghamgibytaatiallysverecalistich #eabou ejghiy dive ta pightyneighiclegiaen bam herizaneh a
force ap l'%:}?rgs é;ltsﬁgrgggﬁlrt Eiér:fatrxw(r)eﬁg?imh tﬁésiﬁlﬂ}a\(\%ltigr(tat%n L) c@%’bgfc{ ’ Tmyﬁillpc:tg t

accurate i eve such torce Ts eccentricalTy app % such
* carri er .alloWed@ltirigs tHedxposet sifiide | of theW@ifer ishodPerpéiididularae thefiaitiabon@itativh of
provi ding an accurate Indication of an_anount of such eccentric force. Such

an Htcursteciniig] eds pbiheiwafer and tepagiare The silinecalowed g sheh gjimbalsiaay blay be

described in_ter . I ces.." i
Forces aparabuenthe pRNTe A ST HER sl UEFle oy U 0r T SRbo PSRRI o
as a poltheWaftg afdithe dréx of thepdd torally QvertapsaiicireO6f thedxpeead ivrfas ef thewedfer. The
repeat abl e nmeasurenent technique is one which, for all such equal eccentric
forces) the loss of force within the nmeasurenent systemand within the
system for supporting the Garner, will be substantially the sane, i.e.,
repeat abl e. Moreover, what is needed is a CWP system and net hod 25 havi ng

t he above-descri bed needed repeatabl e neasurenent features, while providing

- r . ~NR A~y o s o



Broadl y speaking) the present invention fills these needs by providi ng CW
systens and net hods which inplenent solutions to the above-descri bed

probl ems,wolaereinp structure and operations are provi ded tpay/usgoidibd at e
maki ng repeat abl e neasurenents of the eccentric forces. 5 In such systens
and nethods, a force applied to a Garner, such as a wafer or puck carrier)
may be accurately measured even though ssuch force is eccentrically applied
to such carrier. Another aspect of such systems and nmet hods of the present

i ti [ : t d.neth d d ded

repoat ablREA LU TE SEMRA et LU Er RS U YA (r- pER e ot b RPN

_ Fluids yhd Hbexdnfpd, db&Y ndt @otallrseomfas khePdieh &F m@ég;rosédlmee oMb RPi#r) such
interfering with the 10 poli shing oper ations imlarly, another aspect of

such sygimebals oy nmalndmdé bf datdib smheméntﬂ onmam afrthd eengralomes of thieovaferrwid
fer. or k carrier

thod f fluids f.
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an axis of rotation and a carrier axis is maintained during 15 application

of the edwen&ordscttkommg alklmld bylsach gingmissoustibs arvidéd i dhe desired planapméombf e
nmeasur enent s, & é}ﬁ e f the eccentric forces, and the Garner may
be a waf¥rcXppPs 4he pa ”Sltﬂ &ﬁfﬂ'ﬁ “enbodi ment of the systems and
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i ndependently ©of the dianmeter, for exanple, a waf er or pugk carried by
t he car rlveays pgSsents thetentite smmﬁacdnefrthe bbdbdiortbmpolcshlrtgrmatsyBeeause thecduppirhods of

the present invention he, | j near beari se i,s provided as an array
of s opanaitier pitaES GEkpinghehd R B e P iR etk AR, SEr BIOR WAR 11 ng
movabl e efopk fch¥Eif R sbRfcoRBEAST bod)hihLEiBh@icIE GlaRidter '»\%fefro M%8s, 3R Ble &dmbf dfhe
retainer ring i s accurately measured even though such force is

ecdént r isech wyfen pid lleegthtotﬁtlanoﬂaxrﬁwhych Boultl igereraliy bt ndceatrb ditinmater) wofildt bee
systens and net hads of ,the entjon t he near bearing assenbly
is asseﬂ%l ‘ﬁé‘Wet“H"‘Eﬁ}‘?& f‘élaéfﬁér(’% ‘ﬁﬁor} W“%WP@E& C(S)Ha'\'/\ﬁefaﬁ vgt %@‘For for nmovi ng
the ringehRbAddcis Hoay,tthsleﬁ@ihedf tHOLUMaRE BRcAVRIAR 1o (RE datheld?df RN exposed
surface of the wafer and a~ WD 0212-t10 PCT/USOL/ 29799 surface of the

r et ai nesemicogductorbede tybejpricesged. Haurhet, ivathi sugh gk eollar,duplienablosshsrwawdd bdhe
polishin ti A further enhodi nen f thes ens. and nethods of the
present %%@EX ﬁ&?otfﬁl%?ﬁncfggcg?a\/ﬁﬁgﬁ'ﬁmsgmp{ih‘gﬁifpﬂdera X/\f’ arb%?eha ?L)chum and a
wasiy fluid tir/augnt iehs pa¥ewae datkibrshneé BEBn proAE&] With it MeGYbABkingsdRP! | ed
to the wafer uniformy across the vacuum chuck and through

| ar ge- miwdvianths iwaéerpodieestly pacedrm(ne sigih| xyafbrecamgmddew msher of hfi)lds theengh
through the s dUI stem Anot he enef i enbodi
Syst o T RETRAIE b bins Fp@int Pheerthe e, PenEr DuFRr b of R
vaf er ovgihaaeking “lnlp Slo@ﬂ'&ﬂe’ fedw of fr ARG HeMolds dhankihp tRASEAURANductolthe 10
carrier for directing wash fluid agai nst the overhanging portion to clean
sl urry fhelem pravidigra 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



An added enbodi nent of the systens and net hods of the present invention
provi des a puck nmade froma perforated plate in which perforations extend

across a wirdagaof or supporting the puck and a fluid is dipgtiudaybedo
substantially all across the puck to purge the puck. A still additional
enbodi nrent of the systens and nethods of the present invention 15 provides
a puck support having a lip defining ageservoir for receiving a puck
havi ng perforations, wherein the puck support is configured to distribute

fluid tQ all, of ' fill.th ir. Oh d
vnne 2005 s SRS, PRGE R TR e b RIS S G GRP G
_ det ai | eflo@@ShE cRigb@d) vebydf@dll initr&iR8ikdpsitd 88 ividetht epccompanyi ng dr awi ngs,

illustrating by way 20 of exanple the principles of the invention. Brief
Descri pti on Akotinanmhaniypgsf fdlishingsysiem, thaeeprsed surfadelof bevaferadibe polished,

under st god by .t foll ow ng detail ed . description in canjunction wth the
e compelty PrtRlf e Joy b R Ry HEFEFAE b Hls bibs o€ SheR i Re ept e
st r uct Uslishik @B Thére edSilyT1GW 08, dbd emdved BBmYihe\Wxp6dRa Bkl paddorheg a
first enbodi nent of the present invention in which one polishing head

cont actearmest sz 1@eifle this peiod dy wem dogsarfos pregent thesproblgm of rpmoxal e shuradrdsy a
polishin ad conditioner, the contacts each being eccentric with respect
IPopeed R R o Vird

to a cefi Ycarriers; Fi gure 1B is an elevational view

schemat i cal | XnsthévroBleinfacdd ih proveding PlepRriatiot REUdS | steh hfiwafer PbKKKiRy HeAds, is
illustrating the central axes of the carriers and eccentric forces
resul t i that anedwad may be vieed tojcorTy eparisular wafepdudpg many diffErenCpragserin29as9

et G-cfafcnaafid anf PRlne MG R Sntish Rt it Afhchal s BT oopBed of s
one ass&i¥Pricekding btafiéh,lah@ peice®ed.| DPowéornSib@dr SahEBYR PRIXessHeY R Arfer fRI N

bearing housing and a chuck bearing plate, and a second assenbly limting
t he di rgsrovehirom the figst siationdtaaspamted bea sesend stadommnd mywaredrag thsisacandand 5 a

retaining ri.n arin | at e:, Fi qur B is an evalional . vi ew

ehonmt PRSHE SREBrRC oSt fhy B8 e Rlaiel ehBRBL S Y ama mene
11 ust r gindidid tHat R be RARAEADY SEddUsikiimasy fypes of Iﬂb&dsﬂﬁéfsﬁﬁoﬁﬁ. rection of

rel ati ve novenent between a nmain bearing housing and a chuck bearing and

| oald cel | pl What is peefeddhennis aCMR system afdmpgibodbinavhick A éorse ppplicdéna SHBRI NG
the structuural e waf ege%car rier enbodi nent ,

T ust r 20 4 WEEERT R Brek Rl Sudlenl By Reniigh i RES
eccentrically applied to such carrier. 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
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.e., 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 a CMP system and method for removing fluids from the carrier for the CMP operations

without interfering with the CMP operations.



changer (RTC); Figure 3B is a three dinensional schematic view show ng the

structural elenents of the wafer carrier of the first enbodi nent,

i |l ustratwp@2ehgot op of a vacuum chuck of the wafer carrlgeTﬂgbggﬁ@,SC is a

schematic view of the wafer carrier) showng in dashed |lines a spindle for

15 supporting and supplying facilities to the carrier head, and a polishing

head; Figures 4A and 4B are expl oded perspective views of the first

enbodi ment, illustrating in Figure 4B the bottons of the structural

el ements and in Figure 4A the tops of the structural elenents; Figures 5A-1

through 5A-3 are enlarged perspeSuinnearyiofule hiventiohous ones of the 20

structural elenments shown in Figure 4B; Flgures 5B-1 through 5B-3 are

" enl arged perBiadyispeaking fhe pseseprinyenionSillsshese needs bynrovdineMEsyHems and hown
in Figu f arious
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Fi gure 6Perations #¢ pRvidedahdt favdlita| makidg @pedtable aivaduadiAENtOof the ee:eﬁBm&Brdem

F|gure 6A showi ng the main bearing housing assenbled fixedly with a chuck

beafi ng lamfmsaaamé and msthode a ferrgaPpbiedie Arqarisr sk asa yrfer e Pytkagagrigrymay

cyl i ndr o

housi ng 26 el 5 e GR 06 L 16 RAE | VceriRiAID gBRNATD st b Hebiner

cross sasgjecosfaluckbpans anahethod@voftthkpesenninvemsonsis 4 GMP E'ygemanﬁhmesﬁw\m ng the

30 main bearlng housi ng mpvably connected to a retainer ring bearing plate)

showi nghavipg &he abgvedeaseribed nqeﬁeg fspsatable megswoment deaturss, whlkempwéwarfpﬂgu% the

w0 021 3 IR B AN Urae FUARI S p Hr BRI RURE BTN |

8- 80i n fpolighikg Gperatiomsi Sgmilaly, hmdth@s:spe&cbﬂdncngysrans adsmethodesitthe prebdint
supply fluids used in the wafer polishing; %ure 9 is a cross section

t aken” alRyegtion ise GME system apdpethod @HF‘H@@HH%ﬂW 8 framethe Maker OF PUGhhedem t he
connect ymto the vacuum chuck; Figure 10 is a
Cross sgrc ?’gﬁgkér%glﬂggilwﬁgg [ negpié@flbgl in Figure 6A through a fluid nmanifold

and | oad celln dpk@irbodindnusf thatsysigmomt] méthedsofthe prekent imenson, s iditigim t he
mani fold to six separate nozzles in a retaining ring base for supplying D
waf er wa&eHkidelarionshipybgtweeman axisoffptatian duda FUHEN axdy Yanaintaingd dumng  vi ew of
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rews t er sectlon
measurements, as defined above, of the eccentric forces, and the carrier may be a wafer or a

puck carrier.

In another embodiment of the systems and methods of the present invention, such initial
coaxial relationship is maintained by a linear bearing assembly mounted between the carrier

20 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.

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



10 Figure 12A is a cross sectional view of an enlarged portion of Figure 7
showi ng the retainer ring base in a full engage to position and | ocate the
waf er on ypazswapyum chuck prior to the CVP operations; wheegjgsofhgyse 12B
is a further enlarged portion of Figure 12A; Figure 13A is a cross
sectional view of an enlarged portion of Figure 7 show ng the retainer ring
in a disengaged position away fromthe jwafer to facilitate renoval of the
wafer 15 fromthe wafer earner, wherein Figure 13B is a further enl ar ged

portion of Figure 13A F| e _14A CrhOSS se tlona | ar ged
bor t 1 orGace i Eidndiini enerieaby Fruioihing D aie o ant Bingne BolBLE fon
_to facidgetafon. spraying DI water onto a base of the wafer while the exposed
surface of the wafer is polished, wherein Figure 14B is a further enlarged
portion of m@mlwtmodimnt:b@bﬁeyﬂ@nﬁ @dantih@bwfsb@pﬂemtﬁrarceﬁmapmm'glwane

15-15 in e6At t he retainer strating .an outl et
" for reln%ﬁ‘/‘}' %ng‘ﬁﬁw%{‘] bafraya CMIEF} 9\& ﬂP@ﬁﬁ‘é‘W@L ﬂlrjf‘sﬁaﬁlf Clé’f‘&f h@'%ﬁ? er
carrs erwh&eﬂ%@sac%ﬁrﬁ i RsbIkERD area»ﬁ*érmmﬁﬂlmr&@@fé vatBuicBUSk Afd thighi r st
enbodi ment, illustrating in Figure 16A thé bottons of the structural

el ementlergarmicron- -$iregpares theBnateasily b clshnadty washfbiid feal themgh tensantessondiigur e
17A is a three dinensional schematic view show ng the structural elenents
of the Sﬁ'atfw carrier of the first enmbodinent) illustrating the bottom of an

upper secti oQp@herdehi@ienttRRIm&N 3N AR sydEHEdnd rﬁbﬁr.ua@ofltﬁg FeSerf ibf¥n6n
di nensi onal schematic view showi ng the structural el errenps of the 30 puck

carri erprofndcmptbmps of Memtlyangﬂnglﬂ@tqaauqrn@ cohpintogn with phssaggwrys isdet i on
e RTC, Fl ic view of the fer car |er% showi ng in

Sacld Aot Htding hgsh B aBEASTRS Rer i e Rasto o eeisnfiny i e S

carrier headjp ﬁﬂkﬂtd%nﬁﬂo’d”ﬁérﬁ@f tHeGy§ibRs Rl m%mbﬂgoﬂﬁ@grcscntm&aé)g bevid%@ all
PCT/ USOL/ 29799 Figure 18 is a plan view of the puck carrier ow ng |ines

al ong vihickmasle dronpa perffierated ipdaserint wikieh perforguons ex@adiasroas g swéase Sercuppertingken
along | jines 19 Ai.n F| ur how a vacuum conduit to_.a chuck for
Get o mi HF UL it uted Uy 0 SeRe RE PUAR B B plop | s a
Cross secti Of stk@didhQRebolin&ht sPHe J.sgs@erh@ada 1Heth8dslSk thé PRI Shvnlibd ear
bearing used with the chuck; Figure 20 is a cross section taken along lines

20-10 iprovidgua eucmupscm)hmgg alipdativing afreservoindpt seceiyin@la pukdavigr pur gi ng
the puc k olr]atltorrlrs v«?herem ‘the puck support is configured to distribute fluid to all of the perforations
to fill the reservoir.
Other aspects and advantages of the invention will become apparent 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 reference numerals designate 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;



Figure 21 is a cross section taken along lines 21-21 in Figure 18, show ng
the vacuum 10 conduit exiting a base of the puck carrier; Figure 22 is a
cross secwioanalsei ew of the wafer Garner taken at an angl ectrasofyso7pd ane of
t he exposed wafer surface in Figure 6A, illustrating three of six D water
nozzles in the retaining ring base for supplying D wafer wash water,

showi ng the nozzles extending at an angje to a plane that includes the
carrier axis, to direct the DI water partly in the direction of the 15

ci rcunferen he r N WG o Fl 0 .depi ow
charts ill ugltﬂgg{ciztr\%ﬁc%’getr]eg}tap%ﬁ\% Vl{ehﬁs\%g?lﬁ%tgdéhﬁé?(ﬁgﬁgg%ef wgtgreg%?grs%r%ﬁé flihs\t/enti on;
. and Fi getisodBBentsilRs@atmghwoGBRRE ligedribgaring daikiuaés, B Moymblainditiag sHer e
applied to the motor for the retainer ring varies with the amount of
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. ring an [ ] er. _hand -al ription of. the.Preferred
erbod nesol ey il ol URlng 0 or bl S TR ELRebift Rhin HErtL B Bl
enaly e preeshing eing Geaingoplhed pol i shing of an exposed surface, which may
include |ayer surfaces, of a wafer. The CWP system and net hods

subst ant i al |§igeeiZB wanelavadon sienrsshemairally sipyeng thespadsongdisigning heashef the
effects doe r .effectss, .while structure and erati .are
provi det C?ﬁﬁﬁ?cﬁg@ﬁn?ﬁﬂt gliugtfrir%h .l};]négrrtée%ﬁgg Céurﬁsefg Elrmelﬁ%%?’g dg'gc?%eoﬁg%g‘r’l ric

f or ces. mbvensént BetW¥En & Yisdi £ BEarig thoiBAH OEEI cluck ®esiengodidl lb&Tcdlipl@ecarri er, such
as a wafer or puck carrier) may be accurately neasured, as defined above,
even though Bgess Folsaghres dupensianal schpmotiqyigwishewing the strncggakmlementhef brp
Sysiem .ho . v i e bl Sur eme

o L R e PR A FREE BE B TR RE T P SER AT A ot e
to the sahgdr (RTE);a waf er support wi thout WO 02/ 24A0 12 PCT/ USQL/ 29799
interfering with the polishing operations. Simlarly, the CMP system and
met hods r enoigure|3R W< thieg simensionak scherpptiqyiew Sbgwnigé?a/e struchialielemenss olethe ng

with the gperaiiens. ln.the fol] ow escription),n ropus ecific
det ai | SvaleboacBRgeahd ARFmbalne, URisiftadse S BouAm B B iR EGt ne
present i nvVeFigin@BC #sta s8hérhatleviewn e e tvade cafifefeshewing id dabiedinks h Seindleifor t he
art, that the present invention may be Eractl ced without sone or all of

t hebe dwPReMiag and sunphang facslitien el cosier headodnd ppising hepdr at i ons have not
b g ) . & . j . ' .
onnecesear | yEuisBARTA 4R 8 BB ARBEHLI AL 6T BE RRS BnobBUERL iBation 1o,

a firstindifpaduBahé betorhdef the epmiral didiBetits o) ini Fighre diANge ops WP EHeakruttgal CVP
system 200-1. The enbodi nent of Figures |A 10 and 1B includes a preparation
Gar ner , elg/pems| i shi ng head, 202 which is configured to polish an exposed

f 204 of f )
our ece 204 el S8 Eln A RYLEPR Fo PRl B0 Wiy O,
exaxp! estrulhial plinaid towhdadigdB24Bs designed to polish the surface 204 of

the wafer 206 utilizing a polishing pad 209, which may include pads sold by
Li near Pol i sfigpreyaBnhtrengh YB-pioe enfasged Rerspesti Ysavie waokYariops pngsiok e abr asi ve

pad 15&@%&51%5&%eﬁ@%§18wgq3%2é1%@A: any pad material that enables the

desire Ishin
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 load 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 movably 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;



preci sion can be used for the pad 209. As described in nore detail bel ow,
the features for naking repeatabl e neasurenents of the forces identified
bel ow, redooerifie need for the nmaterial of such pads 209 poraginsneate for
mechani cal tol erances di scussed bel ow. One notion of the polishing head
202, and of the pad 209 on the head 202, for 20 perform ng polishing of the
waf er 206, for exanple) or for enabling,the pad 209 to be conditioned, is
rotation (see arrow 209R) around respective co-axial axes 210 and 211 of

overent  parJENG® 0§ Bt aeBn R Aot £ FIEGE 5R hobynd BRI ESILRN °

nDVenmenfaridud BsinetOranhsat sapplg\WRvdshusedtint the whaks pehshig waf er carrier 208, for
exanpl e. Anot her notion of the polishing head 202 and of the 25 pad 209 on

t he head 20Figwic Hiepicorspisersiopstkies along line 9tthia Kigdre 6A2Dsugharfluig gemleetor,or f or

enabling, the head 202 and,.t d 2090 to b gndi tioned, i s novenent
" hori zon\tglzlffrfly ti(;les‘tééloen ng?[f‘)rowpﬁ%sllj‘?l. &ﬁtpr ?‘F‘a‘@vaﬁgmﬂg%e svtaS%udnfﬁb 'the arrows 209H in
Figgres | A argurkBO if @crosxsaeabe takbMalong lihé 620 APFIMFBGA Beoa@bh NER Mnitdie

polishing head 202 to the wafer 206 and to the wafer carrier 208 at
differ lpaskeell phats.. illexieating oseof ik Pl avatericaaduittfean the manfold eplineepseae DF- W

nmeasur ed flromthf.?;O axi ?’ &iﬁ or I?14. Ihe subalgeré‘aﬁre configuration of the
system%ﬁ-ei'q N Bae ELePpE PB?WP)&W%P Sla{eﬁ@'aﬁ PRShi ng operation by
utilizing difiggleantis @trosasRtibRdIBMRlelgvaliGifal ORwATthesRIk beAOMS 164d édne WO

02/ 2dal0 13 PCT/USQOL/ 29799 exposed surface 204 of the wafer 206. Unlike the
above- duateillustrgting e Plate assembleniby sgrews e anhpnee sestign obtheiRECpol i shi ng head

pad. s in contact.with the entire.exppsed.surface of .the fer.. in the
Ceber t ur o TRBEIPA b8 oIy BERTEmaEH 85608 of Fitbis T Riing hear e o
a cont aetairked Fiha ®8sedh atfiig eF@R 86 Positoh A1Aa6calOthe Waddr onThé Pacaht Afukk PHbhtot he
exposed surface 204 of the wafer 206 may 5 vary. In addition, in the
subaperthe CMRpperaijansewherem-Higumgyl 2Brie ¢ &irthen gninigod periion of Figwse p2Apar ati on
head 202 toward t waf er earner, 20 novenen ee wp. porti.on .of .arrow
233, i gur o BRedPA N i SRR AR on SEHTTER b FREBEIREL HEBA 1500
resul t sretathef PR Yt A 8isengda@Ed BosTtkdlY SitlyVrdiR tifcol get @FadiRGteORMoIAIR tRE white
exposed surface 204 of the wafer 206, thereby renoving excess materials

f r o t Howa theewaler eamiere yheisin Bigum 138y pduithasieplarged partiparafikignred38; me) e. g.

exposed sur NIERI0A BA o ek Gl of o Bk RS BF it ERSFIRE B o '

eccent rie@irdee riaf b ih@)poRiskied pdsMiordesi faciBihee PrayinEDIVARF ofdd BagE oPM8 waldre
central axis 212 is concentric with a central axis 214 of the wafer 206
car ri edwhile thaexpesed pufacp 98 thepafers pplishedovireip Figusenbhi i further endarged FP- W i s
i ndi cat eg.. - i.ch is neasured horizontally in Figures 1 A 1 B, and
2A. It l?r‘%‘ﬁgqv)%}:ﬁﬁgyeerls 0od fromthe arrow 209H 15 that the polishing head 202
may20move horFigaet1dl ik ¥ craslsextioh aken diohf éihens-191eFigate 6Aehrdegietkectaineghinhs
204R of the exposed surface 204. Al so, the areas of such contacted exposed
r egi onsbasediusiating gm pytles fergemonin e s ryraad R wafeoyashrgater; fegm shecimside obtheyy
Thus, f\%f o .yen val ue of the force FP-Wapplied by the polishing head 202
to the Wwarer 6, the pressure on the exposed and contacted regi on 204R
wi || be | essFigaret h6éAanea6Bfard dpldded ipeRpetdd Rviensrof dschrst érabodimemodRStrating20
description, it is to be understood that the force FP-Wis an_ average force
appl i ednijgurad6Ashe beftams ofdheistoysturg)plemgntpandiin Sigure 46B dhs tops obthrstragiural nj s
aveyage, %@é{ﬁg is said to be applied at the center of such area of the
region ej . It may al so be appreciated that to unifornmy polish the
exposed r egi FigareA0AHs afthiel dinénfsinalXghe maticeview ghoming tied stprcagslielanaiool the be
applied to the different exposed_and contacted regions 204R As the area of
- the expRskgagissothsiusticapodisngnsjHusseating te hotemf A8 IPPETGecionohn otary k0Lt or ce
FP—Wm%ﬂg‘j[rqﬁmse to have the amobunts of pressure be even. As shown in
Fi gure here’is an initial orientation of the wafer 206 and of the
* waf er carri eFigaie8.7BTiba three Hirddnsivhalesoharhatiznviewshawiag tlenstiuctural@leréntsof the
orientation of the central axis 214 of the wafer 206 and of %he central
axi39 21puckrcaties ovie dirstembodunensgBustretiag the; top af theiupper serHRfAs BAS  of 30 t he
axes 212 andg; f all t] .
ol 1 shi ng. heaA0g s 2gen TR FbE BN TRy Hollfleh bR HGFPshifle for
al so vedipporing andsuppdying filhizs sorthe @bhirier ieadt amba illustsatingettle belishing Keaddescri be
t he present invention as defined above. Further, in the sane



WO 02/ 2-410 14 PCT/ USCOL/ 29799 exenplary situation in which the polishing
head 202 is designed to rotate on the axis 210 that is also vertical, the
initial ogpsAhatipon includes a second initial orientation P@fr/ﬁshm@;gposed
surface 204 of the wafer 206. The second initial orientation of the exposed
surface 204 is positioned at an angle (an initial angle) of ninety degrees
with respect to the initial substantially vertical 5 orientation of the
respective central axes 212 and 214 of the Garner 208 and of the wafer 206.

Inthe phra iot.ial orient as .us | hi tion, the word
Tt deSeyienias S ol vies ob tedbek PHu: Shovie JprSHORRARB SkREs bivea T e

TOPW | ugdenhglenr € the pad 209 of the polishing head 202 engages the exposed

" surface 204 of the wafer 206. Thus, at the time TOPWthere is initially no

force FP-W alfngtueeléPAby atonass pamozoﬂcemlqnlgémmﬂ% 19@6in Figureil§ushewirlg AyachuiB,
and 2B al so. sho n the us he suba ert re on i guration of the
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contact with an exposed surface 2 a puck 218 nounhted on a pad
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the pad 209 .contact i n ck 218 in the subaperture
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the dirgg bl)@d%gfwhggf(ﬁ)ﬁggglg g,egﬁgka,;lrahegﬁﬁcg he pad conditioning head 220 is

noved to he polishing the polishing head 202 applies another
force FP-C (IFiggwrd ig2BYxjosa semmd itakeoalong hfngsr 2k 1 omFigureol & shawing theragiwons 216R

ected region 216R of the puck 218 of the pad
conﬁrtlg‘ﬁﬁH’éeﬁ‘é‘é’ﬁ%ﬁ‘%nﬁP & @i aced from or eccentric relative to, a
central axi SF%&% Dfis ta I&?os@@&tlggalcﬁm bf !h@ Wa‘?& cﬁﬁﬁg tokeR at Mgl ﬂosth@?l'aﬁ'é(bial

with a central axis 224 of the puck shown in Figure 2
di spl ac@mnposocﬂ wafes sﬁnﬁzmen Fizug 64, nllmstratmgehtebyf DT, waTﬁmodzlspinetbemum@F C

i s neasure EI‘IZO tall in. Fi es 1 and ﬁ?B and. i s ween t he, axes 222
v 2ot st R GRBN el VaieE L et ShOMGe e el BreRdiPe i megIpS. Ao
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30  providing facilities supplying fluids within a carrier to the wafer and a wafer support without



pol i shing head 202 is designed to rotate on the axis 210 that is vertical.
The CWP system 200-1 includes nmultiple linear bearing structures 230 and
232 of thgowghgfiocarrier 208. In a general sense, the strypghlf@gp20439 and
232 facilitate maki ng repeatabl e neasurenents of the eccentric forces FP-W
Thus, the force FP-Wapplied to the wafer carrier 208 may be accurately 15
neasured as defined above) even thougq such force FP-Wis eccentrically
applied to such carrier 208. In nore de%all the structures 230 and 232
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WO 02/2-1.t10 17 PCT/ USOL/ 29799 As descri bed above, Figure 1B shows the
initial orientation of the wafer earner 208 and the wafer 206 before the
pad 209 ofyotoae4f0! i shing head 202 engages the exposed surfpggRisdpd79§ the
waf er 206. Thus, there is initially no force FP-Wapplied by the pad 209 on
the wafer 206, and initially the respective axes 212 of the wafer carrier
208 and 214 of the wafer 206 are 5 vertical and coaxial in the exenplary
situation. is recalled that in the exerrpl ary situation) the polishing
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amounts of pressure be even. Since the polishing pad 202 noves in the

- direction ofAs shovy ndiigwedB, therd iagn intidalysientation gf thearader 20ang of therwiafer on

one carrier 208. The initial orientation includes an initial first orientation of the central axis 214 of

the wafer 206 and of the central axis 212 of the wafer carrier 208. The initial first orientations of

30 the axes 212 and 214 are, for example, 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 invention as defined above. Further, in the same



10 wafer 206, and because such polishing pad novenent causes different
areas of the exposed regions 204R to be contacted by the polishing pad 209,
t he forcewbfMipeplied to the wafer 206 nust be varied acedfiaissl ¥o799
Processing of the wafer |oad signal 264 is perfornmed and the force of the
wafer carrier 208 in the upward direction (see F in Figure 1B) is adjusted
as necessary to provide the appropriat §4force FP- W applied by the polishing
pad 202 on the wafer 206 and the 15 wafer carrier 208. The |inear bearing
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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 orientations 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



force FP-R applied to the retainer ring 282. In detail, the set 270 of
three bearings linear bearings 273 assures that structure of the retainer
ring 282 we oagisnal | owed to nove in an undesired manner i npgEgaRANISS9s O such
an eccentric force FP-R Thus, the linear bearings 272 25 assure that such
eccentric force FP-R does not nove such retainer ring 282, except as
follows. The retainer ring 282 is permjtted to nove vertically) parallel to
the initial third orientation of the central axis 212 of the respective
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301 of the wafer 206 is surrounded by an inner wall 303 of the retainer

ring 282)wandnihig surfaces 299 and 204 are coplanar. As neggfsse/Mi7Hell y)
Fi gures 12A and 12B show a cross section in which the retainer ring 282 is
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206 on the 5 carrier film298 of the vagcuum chuck 262 with the axis 214 of
the wafer 206 co-axi al vvlth the axis 2 of the vvafer carrier 208. As shown
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ring 2812asta05126 based on the maximum allowable minus tolerance. The shaft 258 may be about one
and one-quarter inches long. Each shaft 258 extends upwardly from a chuck bearing and load
cell plate 260 and extends through the bottom 256 and into one of the sleeves 254. The main
bearing housing 250 is fixed to, and carries, a vacuum chuck 262 of the wafer carrier 208. The
30  chuck 262 carries the wafer 206, which during polishing is subjected to the eccentric force FP-

W, indicated as a wafer load imposed on the wafer 206.



the pad 209 in order to keep the polishing pressure constant. Figures 2B
and 19B show the pad conditioning head 220, illustrating a |inear bearing
10 assenbly o3R441bor limting the direction of relative nopeiRRbi/BEbIEEN A
mai n bearing housing 306 and a puck bearing and |oad cell plate 308. It is
recalled that in the exenplary situation) the polishing head 202 is
designed to rotate on the axis 210 that,is vertical. The CWP system 200-1
i ncludes additional nultiple |inear bearing structures 310 of the pad

condi tioning, head .220.. General LLy) . the structures 310 are sim]lar t he
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25 324 (Figures 2B, 16B, and 19B. The load cell is secured to the puck
bearing and | oad cell plate 308. The permtted novenent of the main bearing
housi ng 396 ohssfeNsed by, or actuates) the |oad cell 324, pehpinsby/abputs a
puck | oad signal 326 (Figure 16B). The load cell 324 nay be the sane as the
| oad cell 263 and the |oad cell signal 326 may be used in a manner simlar
to that of the load cell signal 264. 3Qg1n view of the above discussion, it
is to be understood that a tendency of the chuck 262 or of the wafer
carrier_20 or, of the pad conditionj head 0 i1t to nove out
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section 342 are provided for the facilities 338. A first port 368 mates
wth a simlar port (not shown) of the | ower section 344 to supply the D
wat er andwegarpufp(see arrow 348). The port 10 368 recei vepcanshgnshas d

coni cal seal that extends fromthe simlar port of the | ower section 344.
The DI water 348 flows, and the vacuum 348 is applied, through the port
368, past an O-ring 370 shown in Figurgg5A-1 to a nozzle 372 shown in
Figure 5B-1 threaded into a threaded port 374 of the plate 260. Figures 3A
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25 Figures 7 and 8 show a Garner film 298 provided on the manifold 420 and
extendi ng over an upper surface 499 of the porous |ayer 297 to further
evenly diwbroopyfe the vacuumor the DI water 348 across tpgrafgpadbe t he
chuck 262. The film298 is nade frommaterial sold under the trademark
RODEL as Mbdel Number RF 200. The film 298 is provided with cut hol es or
apertures having a size in a range of f5om 0.010 inch to 0.015 inch, for
exanpl e. The layer 297 30 al so has a porous characteristic and provides
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vacuum chuck 262 in preparation for polishing the next wafer 206. Such
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the facilities 338S for the supgliy of the DI water 352 fromthe 25 manifold
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within the sgace bet ween the retainer ring base 280 and the | oad cell 263.
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sem crystal line thernoplastic polynmer material, such as polyethylene
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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



Each inlet 434 is provided with a tubing fitting 438 that connects with one
of the lengths of tubing 430. The DI water 352 is supplied through the

spi ndl e 3¢& @ndsfoo the manifold 382, which 5 distributes tpg idypebher 3S2
to the lengths 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
exposed surface 204 of the wafer 206 i% copl anar, or horizontally aligned)
with the top 299 of the retainer ring 52. The retainer ring base 280 is

| h ted from.th k 26 440.. As i
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exanpl e, include facilities 338PS for sensing the puck 218 on the chuck
- 322; facilitAs deaprdirangeipglishing pesitinges Rf thegetaiee ring 282.idue éathgagoyer f or

the load cell, 324. Such facilities ar [QVi for.the . perati ons
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Figures 17A and 17B show assenblies of structural elenents of the first

enbodi nent 20 200-1, including a rotary tool changer 640 to which the puck

beari ng agdobeadocel |l plate 308 are secured. The rotary tephshgsngey 640

i ncl udes an upper section 642 and a | ower section 644 (Figure 17C). The

| ower section 644 is attached to a spindle 646 that rotates and applies

vertical forces in up and down directigns to the |ower section 644. As

shown in Figure 17C, the splndle 646 al so prOV|des the facilities 338PP by

suppl yi ng fl ui such as, DI t hr ou ondui t. 650 0 th
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702 of the upper section 642. The port 702 has a shoul der (not shown)
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that the di anond-coated surface faces the pad 209. The facilities 338PP for
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and 20 s th 6 of the upper section 642. Three ports in the
upper 3ber§(é%tllglﬁg%ﬂ'£eg1r(’g@prow ded for the facilities 338. A first port 668

" mates with aF%th IBschematicAQly depRts tOMRIT tisre€ bf 18 niiddple linsdibiehiing ffucklres &L
(see arrow 648) for the purging operation. The DI water 648 flows_through
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02/2.1. r:}l%pe detail. The main bearing housing 306 is provided with three linear bearings 314, including

three hollow cylindrical sleeves 316. The sleeves 316 have an open bottom 318 to receive and



31 PCT/ USOL/ 29799 threaded into a threaded port 674 of the plate 308. The
fitting 672 is connected to a tube, or conduit, 712. The tube 712 extends
upwardly woaantihe fitting 672 through a through-hol e 714 ipaThlye1/p@be

beari ng housing 306 (Figure 16A) and extends to a push-to-connect tubing
connector 716. The connector 716 is threaded into a port 718 drilled into
the chuck 322. The port 718 is 5 shown,kn Figure 16B supplying the D water
648 to a manifold 720 of the chuck 322 to evenly distribute the DI water

648 acrgss an er,surface 722.of the.chuc .~ he ch [.S_provided
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referred to as an axis of 5 symmetry. This nounted Bositi on is described
above abearing housing 306 podie vesisalsompeaenidpree, anesiopeed FPLHG apdhadinen adradsello
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an operation 1004 by urging the pad 209 and the offset warer 206 toward
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of the @¥ilgadded spnal bes.waf er carrier 208, the urging operation 1004 causes
the pad 209 to inpose a polishing force, such as the force FP-W on the
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above. G8CRF ML At ankopt o et SEndoting Pead 20, WUETor }CBelEBuMTe, (o
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the pad 209. During the urging) the method noves to an operation 1006 by
resisting the tendency of the nounted offset wafer 206 to tilt while
allowing the wafer 206 to nove parallel to the direction of the axis of
rotation 210) and along the initial position of the wafer axis 214. 20 The
novenent along the initial position of the wafer axis 214 is in response to



WO 02/ 24.110 33 PCT/U S01 /29799 symetric with the axis of symetry 214.
The axis 214 is normally perpendicular to the exposed surface of the pad
209. The wetgaedipoves to operation 1012 by providing the mpetraigeso7Hé Ng 282
having a first position (Figure 12A) surroundi ng the periphery 301 of the
wafer 206 to limt novenent of the wafer 206 perpendicular to the axis 214.
The nmethod S noves to operation 1014 by,urging the exposed surface of the
pad 209 and the wafer 206 toward each other so that the pad 209 exerts the
pO|IShI for fer 206 and t he ax y try
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resisting of operation 1018 e force FP-Wapplied to the wafer Garner 208
may be Bigoigs 48el throughsik-dand E&glld@fﬁﬂwédhrabgivﬂ,’» 3eRagurehdddirosghe BCshowe FP- W

t | to th T t h d I
Lo an. oo £BRgura e af i el et 2055 e G oy IR sk o
the resif)RehidPHe RhbkbehHASand Bad 8EIf ﬂ%ﬁ%Ow seeredEahE totas thFch'ﬁﬁéfﬁ@ﬁ% of

the wafer 206 parallel to the direction of the axis of rotation 210.
deflisnedinaludescan uppessastion 342 anyl plover shstiomddattigura3€)i b boner sectioh 3d4vsl ue of

th lishing f t he f FP- t Fi
i ar o hehetEhg abete Masiines thidfes g S5 vEish bR B el ey iitugts &' e
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Qperation 101S may al so i ncl ude a 30 suboperation 1024 "of providing the
bl adder fop@ahitehepaishingepad 289 ecsp@Oinaapglyingethe éare¢ FR1W fongxazgple. @pehewn on 101S

may al s@ incl,yde rther.. s eration 10 t he dder WO
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and the pad 209 toward each other. Referrlng to Figure 26, another aspect

of the yneds thetvacuwnashuak263r dviditionally rthe spindie 316 separataly providesahexfacilisies

novenen t ween,. t he fer 2 i 209

ot hog e B R SaE s B R L O B2 R R e R 1 S EiPhsh a3 s,
chuck, él%lﬁ@ﬁf@rwa?&fioti%dﬂﬁnhh@e 8fth8 réthinsnrapEsasy 280.4AR6! theRpindlel 36 to a
pollshlng surface of the gad 209 and coaxial with the carrier axis 212, and

par al | esepanstedhproxides theffagibitiest 3388 ty1supplyingribe Puid 2939 suchas airatndetprassues t o
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oper at | Wy diffprobided the FRsliGdsi IILAMYEPTBVIHING 2 SlipQingB60Ihdt REnkdets wigiea®f t he pad

209 toward the wafer 206. The chuck support plate 260 is provided for this
~ pur pose¢lectrieal shnsietop Gotishowmhandhe lavear seqtipa 3d4. The cenngeter su Hisdpwepsestien 260.
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" the vaf@e sgfémeootihe chuck 262 (e.g., assist in placing the wafer 206 on
t he chuck 262, Figure 12B). The retai ner ring 282 15 may al so expose the
waf ¥t 206 t oThenlowen sectior 344 andhide yaper3e0ianci42seite §1a siandapd manecr byayay ofe
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pl ur al i ¢3hneétoP36 I as Afcatn (ABEYhoWAR B Vih BES FiSIdh ired (ndBShawint) foh2 thedawbr btidhe
assenbl i es having a housing 254 or 274 provided with a bearing axis

perpendi cul ar to the polishing surface of the pad 209. Each of the

assenblies 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 assenblies is between
t he chuck 262 and the retalner rlng unlts (280 and 282) and t he second set

N N Y o NSNS o



the polishing force FP-Won the nounted wafer 206 and on the retainer ring
282 eccentrically with respect to the axis of symmetry 214. In response to
t he pol i spongrigoce FP-Wthe wafer 206 and the chuck 262 paygsbhdrdendency
totilt such that the axis of symetry 214 tends to nove out of parallel
with the axis of rotation 210. Refernng to Figure 27) during the holding
operation 30 1050 an operation 1052 is,performed by which the first set 252
of the assenblies is effective to limt the novenent of the retainer ring

282 t t | | el h i s of try 214, i ng the hol di f
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effective to limt novenent of the chuck 262 relative to the chuck support
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Figure 28,. the present. i ntion provides.a neth for controlling.relative
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wi th an exposed surface 204 parallel to the polishing surface of the pad
209. THellyrexihte Vrshaped goopenditdlane 108Rpoysectidre®t2 i ng the axi s of rotation

210 of the | i shin d, 209, fromt s of symetr 14 of t.he nounted
vafer 206 wituEheAdel S papan hetm 36t e ulier SRR aftdo FPUHRRIISB fegiPPEh
vaf er 2Q8ionl4 Ji8hRRSHHTENhEPURRick 338N ATRE! Fiiri T98 e with WM RSP ot

pol i shing surface of the pad 209 and the 10 nounted of fset wafer 20b toward

each otshewnhof the tdveer segiivncid4sasipptethe @ wateri asdivacuunh ésepotrow3dBy Bherfate so
th t f FP-W.i s, i d th ted . 20 trical ith
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the ar rey Bbwatef 348 8R4, ahe el ViBuids 388R épﬁﬁe@@?rouélpihe%ﬁ%h,epasﬁﬁi OGfp to
t he nounted wafer 206. During the noving of operation |064, the nethod

nmoves t3H0showpan BiguonSA068 ampzgdaB?2 showrain|Figure 4Bt 1 thyeaded ente athredlefliporh t he
initial, grientati of the wafer 206 and permtting only novenent of the
nmount ed37\%é’ffél? g@‘é%th t he exposed surface 204 parallel to the direction of

the polishi nggees BAGRAdQAD shdW® aRBébndPdrt 378 ehdTRidAQdvia & SinfIRY Bdrt (ot 3RowPegrat i on
1070) which during the urging operation and the resisting operation, is

perlSor nthel ldyer wecsion 3dA go sunplyathe dNtwasdr (sdecumoasr 332t die poxk i@ has aseat 8 waf er

206 with th f. 4 IJel to the di fi. f Li shi
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pol i shi getidros4ue THENISWAte 0352 fiGw RS R theSpirl 3068 pA4n OLhBg BSESRIMN inRIgRET ON
al so provides a nethod for controlling relative novenent between the pad

condi t | Phai2rig apixetutizl Srapifdldineezle A8%bhsatn indiigires By 2rad 190 TheRetae B8 t o
Figure 30, .the netho Locl pde an rati on 1080 of nounting the puck

21 8 on ‘gﬁé‘d"zﬁ‘“&%@k"*’gﬁ?g‘t‘h?ﬁﬂ@ﬁP%i“s?‘ﬂ’zvi ng an axis of symretry 224 (in an
i nigo al  posigib@ey 3ATHE-2TRAD C0!SHIW £ thifdHottBBYahit MatdOPizh RY¥intildr peki(hatg t he

axis of rotation 211 of the pad 209 and the axis of symretry 224 of the
nmount ecshpwokofthe lawersegtion i to supply daiti(pee anios 2080 hdbie pex 884 has disel 386 on

1084, it O BBt sSR R PO e B SR n N PR B g

t he congididomanahdGif @ESLardw'293)FbvishBrolph! fHegdriB8akpal n ©CEMNLEY shaklinyinwi t h
respect to the axis of symetry 224. In response to the conditioning force
FP- C t héigpigdi to aginglgsouilet Bnidegngectas 3PP The cerectandoq isdhegded igfo a edy 224

te to e Qut rallel with.the.axis of .rofati 1%, T,

02/2e1dP %@@ﬁﬁb@%%ﬁ ggndrr‘é'? il 8"‘%3\/@ § 'ggonc? 5%? %h on "118@69%0‘# rﬂllen%ﬁ(t‘%eé\ﬁg%'gi ng
oper ati on 108t iy rif@SIcBtdnnBe bpiRdIE 886l aNRYin&ted thRough Wiy @mAnedtbis@bt $hadia) A8 t o
tilt while allow n% t he puck 218 to nove parallel to a direction of the

axi s ofthe kaveariseation B4 wittieh meten vidthienpga Piocanneqtaireceirebider Rart ivrhe tger
Tose, " Dy et Py TEep i BB ER bR e R e PRI SRR et on
of the @rtaetsTHo8r(Pigatd IA) @flalcdnBedird00FHrévided in a port 402 of the upper section 342.
30  The port 402 has a shoulder (not shown) against which the connector 400 is urged when the
plate 260 is connected to the upper section 342, as by six screws 404. The port 402 is aligned
with a keyhole-shaped port 406 shown in Figure 5A-2 as being provided in the plate 260. The



a value of the conditioning force FP-CV. Such indication may, according to
the present invention, be an accurate indication as defined herein.

Ref erri ngwb@kigure 31, the present invention also provi degtasipidigs for
controlling relative novenent between the chem cal nachining pad 209 and
the pad conditioning puck 10 218. The nethod may include an operation 1090
of nmounting the puck 218 on the chuck 322, the puck 218 having the initial
axis of symretry 224 and a puck surface parallel to the polishing surface

f th d, 209, Th 209 h is of ion 211. hod
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operation 1094 by 15 providing the chuck suggort plate 308 for resisting
mov energmplifier A0 plsiwsimi Figurs dAf sgewred fo thi @lased6Q Gbhet amplifier ¢h@ isnopkecadto t he

chuck 322 bei vable .relativ o the chu upport plate 308. The net hod
moves t' c!%ag';gl?izgﬁa ‘85‘8‘_"5? ‘ﬁ? 3’\?&. itk?1a(§i ?ﬁéf%’ﬁ%%z and the chuck support

pl atse 308 wittiBurd SA-85Rbw the Pdciltids 3380 in tHelToah oP@BIrgNA 2aRA 8§ Bbrine&ed Retthe EACh
of the assenblies 304 has a housing 316 provided with a bearing axis

per pendiogele 372 (Bigureed Bd) thet is snauntgduirtheeluckibearing gnddoaber]] mae 2605 Thee
nbl i h | i haft ..320 i,ved i . i f th
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e

support plate 308 at a fixed position to resist the novenent of
pol i shi The ¢anpectorf 4 kihis thyaaled drgo apatirdd Stdnidlegd irg theichuckrB62. pBle rO041&poses
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FP-C,  tdieniyhtikikbiie theanduirh Or Hedi WS 2B dchids ah Upler 3ddadeatre of thcedhiherny2.t O

tilt such that the axis of symetry 224 tends to nove out of parallel wth
the axis of Appusdayep3d7 isDagunieg antbe hppediswdacef422hd'he layek2¥lispdricaggdat e 308

he fixed iti hod i 98 | i h
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each other. ernng to Figure 31, the nethod noves to an operation 2000 to
| i niSt rappliedfromche mapifeld Y2R. The largd parps 29 Poare lasaicd wplomly aeross fleentire308 t o
WO 02/ 2.4-410 37 PCT/ U 97 nov nt parallel to t I njtial position
of ¢ he i8] &6 VeGP 367 d Bud TRedy T vaB R from it RrobilPie 0 o B S

par al | edntitark6f thelchsdk 762. SinfllAE thellAeFRAGDD7PBNpPIP R DPOwRRE4E AIPiref02 by
sensing the limted novenent of the chuck 322 relative to the chuck support
pl at e 3bgares of heichueke2Gh FButhar, thedlasggisize pofest28P arnhit 8¢ bgadpas be epplRptiQy. 5
Referri to Fi 33, ,.anot her as t of the nethod,of th esent

ovent |G Grep R R RIS bR ROE s B ok B TR YR B ng ¢ he
chexi caachis holts Galiret®cbigthdt Rachxhe waB9s 208) eFdraillid thesé plifpdsdaythd PofREOAP | ON

2030 of providing the openings 903 and 904 in the puck 218 thr%ﬁgh whi ch
t he f| undy peEraly baveowlargeorgiizs gad moverrefesabiy a ppersiac in theppage oifromiabentt he

per i prarsr S e PRRRR S s lBR e R GG B0 BT Bt Wil 17

whi ch tﬁ@liﬁbﬁi\'ﬂ?f%@éaﬁéﬂﬁad t pi@@lrtfe't@mb@ﬁhv@lgnﬁ(ﬁé gizBgintthe §ubenic@Afragperiabhon of the
mani f ol d 420 of the chuck 262 to spread the fluid 648 conpletely across the
sur f acemgton- he puck support carrier 220. The net hod noves to operation 2036
in ich thes. k,218,i Siti | : r f oriented
nortrontal 1P R 7R84 Fio B3 ler B 24 bl it rRlRBR0 A SRERGRE bE
The net pebiefact 29PpEthapbis BYeB2975oifirthdticeénly R tritid thd 2@camslotthe DI 926
are formed through plate 308 and section b42 of the puck carrier 220 to the
© puck supper 348acress se apa ofithe hucke26gdudie Hilrg 298 13 Hadscfrom qpaterial pald underibe
noves t | 2 hdl N f Iyl I I: || t hr ough
t he puc adc%gﬁ]?%rb%gﬁ%o{jﬂe pob%P Rg‘gg)ot (;Ilﬁ & g%@l zeg\é?%]@og gﬁ? i\ﬁé@rc}‘[ﬂ pg‘ﬁ . § t he
" puck cadpetteres R2¥ng b ske in & rdigsof fbal)0.0 10 iBpk 6001 hinch) foredadipl@4Bhalayaszd7t he
puck support surface within the lip 900 to inmmerse the puck 218 in 20 the
DI 3fat e3lsclps ajpereuschpwmsierisiin and prodes goptipuations gtthe passagewayk of thedaysr 2Qat er

648 fl o [ If LU . I 3 and
openindﬁhggﬁ%@%giﬁgigﬁgﬁr?@@?R§§§?M%Hé%%ﬂﬁg4§%%ﬂ?%§§§?§%}§h@%%?@?he ip 900
f or m nolager\s9y and d filal 298 abopératsito @nidbimly Aad CihugldistZBute the vabingm 388 fiem thbe
puck 218 on the chuck 322 is imersed in the DI water 648 and the D water
648 flow ng 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 nethod of the
present invention relates to a nethod of conditioning a polishing pad. The
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and 211 parallel to define an initial orientation of the puck 218. The

nmet hod noves to an WO 02/2.1.410 38 PCT/ USO 1/ 29799 operation 2054 in
whi ch t hewipa2j2shiong surface of the pad 218 and the condi t ippRjRg1/84468 ace of
puck 218b are noved toward each other to with the conditioning surface of
t he nounted puck 218 resisting the polishing surface of the pad 209. The
met hod noves to an operation 2056 to previde the array 265 of |inear
beari ng assenblies such as 310 adjacent to the nmounted puck 5 218.

Referrln ure t he net eration 58 | |chdr|ng
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218 with the conditioning surface of the puck 218 parallel to the polishing

surfacebtdOWtmmmn@mﬁnatmlgehmaw()@oves to operation 2060 in 10 which
during the ve operation, 2054 with t venent 1 e limted

rovenant 1o DeAeBRTREN Hng drwuterick A2 oted A elst 2068 HhoRe S R i o
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Fi gure 36, another aspect of the nethod of the present i1nvéntion relates to

a met hoof the walanghtried $hgTahplditheswafey2@fach ththenmeﬁhnw&tlw\tasuumt&% an

t 2 0 f th 322 h k with t k
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noves to an operation 2072 of offsetting the axis of rotation 210 fromthe

axi s of theamier fiim 293 bfthtstmommwd tlpmwkfem% wilt blockhall afkés passageways 2P the

lel t t f. the K. hod
o Bh oo B Bovie bt oot B By R e EhEseeiny i aarvots ana
the CONgl tHeRI . NI tRAARE 206 t @dwm@faﬂfﬁz%ows@tmﬁe %thﬁ‘dsnuom@oﬁﬁ{e'm%
noves to an operation 2076 of providing t he array 265 | i near beari ng

assenbl Rﬂfsmsll@n@tdql eeaxial otientatsom thechipiiow ima ghe cmaﬁeerfﬂmr@&\mllmegmaaumﬁly t he

met hod noves t eratlon assenbl i es 310 during. h
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conditioning surface parallel to the polishing surface. The nethod noves to

an bper waicodt2060s hmgbe mangfolxlméolmtmtlneenbrcmw:?mﬂthq l@y¢rrﬂ9|’7cmdefr@m thecloperat e

Rof or 11 15 BEouBR b eirag My &8 i oy Wiy Al e RERaler o3F FRITIS B o 1 ng
how t hepjeEssdifRreRtiaiRldss thel WaftNE0H, Fdidadesifid wathiibé ednt e check 262ea8d dTBAnRr
290 may be varied with the amount of 30 overl agua_ (Figure 1B) between the

pol i shi thg opted, wafer-emtacking swdace ofi the carrier fibm 208t Hortber ﬂqvngf the Dlaragert348 waf er

2086, h h ib b f | | d
Feo onotnsig T BerrE S0 o 298P Firk Ry BpBSou R iAot B of Sl iy o
shopd d 6 cePini 298, tRanin¥¥heOicdurh cﬂ;ﬁék 262 iPpldpaiaddn ferHoHshih B ehechikt ammos

exposed and contacted regi ons 204R. the area of the exposed and

cont act ﬁwl\rw&ﬁ@hQDﬁWaFﬂﬁéﬁ%%@Qh thélfflé%én@hﬁ\lvm@?'dai'mé celdgstion or have t he
amount s_of or,m t he

di rectl%cr?ug‘feh?'ﬁ 'Cle (Ethl‘ %e wne e éso'gs %%%Op rfolr'"r%gé

one waf ghe PP a',ate@-BdS bﬁt{:mu $@n6wamm@l 4Mmm1r9@d camm mhnnﬁmeﬁm@e{ﬁot@h&fvﬁy ent
? Lgas O{zlghpe(: S%Xf)gr?deg slll’o%gih%r}gmlzlt(l)js%Bth f(t))re th(c: (S)l?ptp?)(’: E)i? t(ljie 2 I v&t/art]eer 5%|f|rosnr1] Ithr;g pad 209,
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



force FP-Wapplied to the wafer 206 nmust be varied accurately. Processing
of the wafer | oad signal 264 is perforned and the force of the wafer
carrier 289 obasf1be upward direction (see F in Figure 1B) ipgtadhysdres as
necessary to provide the appropriate force FP-Wapplied by the polishing
pad 209 on the wafer 206 and the wafer carrier 208. A graph of the type
shown in 10 Figure 38 may be used to sg{ect the pressure B applied to the
fluid 293 admtted to the linear nmotor 290 according to the anount of

The r ot Fede BRI e Pt B Pl POkt kB el R AR 42 °

exper i epgadniat 43Ny pEiviRa wikE bing Mitih§ 3@ that Eshnk &k QGA 33 of MeaBidiRbhas been
described in sonme detail for purposes of 15 clarity of understanding, it

wi || beubisgdd@nt that certain changes and nodifications may be practiced

enbodi ment s IR SEtS A RSraara e E PO d e BT B WNRL  and
t he si nv@Rtibeds the MI0Vaté033240 Itheeh@Hs bQubiAg 490hAd toStheifiv@ipshisre F@uraqumv%y be

modi fied within the scope and equival ents of the appended cl ains.
02/ 24. tang 148 shawithe gengral ipaishingpos@ny afides rerirry ging 282 Aphereiatthe exposedrount i ng

a sem conduct or fer.f cooperation w a_ghemi c chani,C pol i shi ng
pad havichacsPof e Ghter 3o SRR, 0P forfloh g oGS, S BF o3 204 6 ineetalet
appar at sy 2820 HeSktabier An@bae 280 & al§eowdlkepakited from e Vabdim abiick:262 bz huck
for mounting the wafer wwth the wafer axis initially coaxial with the

cent r al spasd $40arfts shawalin Eigures & and 2 eachaff theofittingoh38 andanlerndd¢ ibeomngeiad &pt ed

to receive a polishi faorce f e pad, th | i shing, force bein

par S o Btk 44 e e S AaR0 Kl pRfenhl B B S iiBs B ieido wa o
axi s angtobigd ah Gpwhidly drdtinihRF fivsckedSziIB a4 FRUYES Blso kRdwSeach nbiZld 4441 at i ve
10 to the initial coaxial relationship of the wafer axis relative to the
cent r al orignied;to ditectahe Phwaterdp@dniorthe spase ). yFigunei 22cplsp shows eaghnpassageway ed t o

t he coupl.er..and posi t.i oned t he. coupl er .at fixed | fion_alang the
cont r o P ng Ry SRR ol A SR 5 s e L Bfet 357 (e iniel e
bei ng Ny aipdiary iréitiod Esce ArioWeu45) hundl tetaxistidRzlt 4uat Tﬁé‘?as‘i@é‘e@@? 44DistiSplies
cooperating to resist the tendencies of the chuck and the wafér to tilt so

t haltS duthe B wager 3% éarihg tnoazle #Hid whishalingcts the Dhwater¥S 2tinte ththspake 4Mlinghe t he

wafer thereon.relatiye . to the first upLt t f axi s renmain oaxi al
e HrRR AR 98 1 fhe cBBegeoiby B pipute B My BT (<GS RLN I30PEMY s
accor di e nb2ICAAe iPafko showh RBWIMIBRAINsSANEideideqBSOVerh@ish 446l oPihe twaferf206 St
unit of the linear beari ngmezsserrbl in a position to sense the |ocation of

t he fi rtbatqysrhangs the yacuvimetwick B62r Thejoveskhangifidp may extgndeabput Q.60 wekesnd uni t
20 of t ' y | ] f i i shi
For ce,  Pahd BEFEERin 286 R0, MG R ot arkodPo B SN bF oAk 3 "0
eccant rthe shufy A6 ftiirotgH & erapiadr aniulart Iis 450) Berv@eh e rR Qb ki 82 Yind thetwiderf or ce

fromthe pad. 3. ﬁogparat us according to claiml1, wherein:
206. The flow allows the slurry 426 to enter the space 440.

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



the first unit of the linear bearing assenbly includes at |east one
el ongated bearing 25 shaft extending parallel to the central axis; and the
second umyip ®@h4iige |inear bearing assenbly includes at qu\@t;/lg@gzﬁ,bg)ngat ed
beari ng housing extending parallel to the central axis and receiving the at
| east one bearing shaft. 4. Apparatus accord| ng to claim1, wherein the
l'inear bearing assenbly is a first 30 Lynear bearing assenbl y) the
apparatus further conprising: WO U2/£ 1-t10 PCT/ USQL/ 29799 41 a retainer
relative to the a
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. retai nefiousinB@50%ha tRf vasuemRhick 1621 tlh Ais anﬁ@é%xdhéldax‘ﬁtish thB Qe 1958 Al tﬁeﬂ s and
the wafer axis, the ring assenbly being adapted to receive a ring force

fromt h@lqmbb,djacmt stiuaturé (d;fitbe cigeenZ)demnenm theﬁlmx 4265an|dehepBil: tvatep 3521eTh@er]h| ner
Ting aokBRDAS7YiERs g wiiyide Pl e ot e i ne prie BT The ke 05€ e p
Wi t s t he WRE91428%ha (81 WhRr 8 hhAlas B¥bur ﬁé@ﬁoﬁh RESHHRE ahb a@mbu%@r I ng

assenbly having a third unit secured to the retainer ring assenpbly and to
t he fi rpumping mechdnasrg ethenthan dwantakipn bthermgrrer208irt h unit secured to the

chuck 10 and_bej novab elative to first unit an e th| d.unit
Che thi v anthGuh R ¢0- L Bt paingyiagt vish bbbt degbed B obs Ot Hiakihe ng
assenmbl péabié ifeafiPerhbitd oﬂtHé bé&nﬁl&‘f@fé@@FP—Qi/ Bt gs 216 {sﬁvwaa Widdcifified he
retainer ring assenbly relative to the fourth unit the axis remains coaxi al
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claim 1) further conprising: a conduit system extending through the coupler
sect i onloadh delb&%y‘t Slh:h fhdilieesr338 @z proyidad ferriid MR d’rlmrammsl wmhoslylstedimng with

al ternat el f ed pressure | i flyid 20 for
al terna E@Wﬁ t@%ﬁf‘é’?g ﬁsetf%‘é'% %ﬁ?gﬁﬁcﬁﬁg 5“’? qte %gw wher ei n
the chugler&RERs in%@éroamaaﬁwﬂnﬂehysﬂfal lRaMbA&H ﬂemiaf ﬁ@bﬁés fi8A a@lu%Bl B doie
reduced pressure across a bottom surface of the wafer on the chuck and a

porus @mtdlmnnmwﬂww ofifigure litdnarfdofodhe eross seotianad vispcafifagurbel 3y Inothered
froml a

conn or for joining the conduit systemto th
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extendi ng through the coupler section and past the linear bearing assenbly)

t he conmhmbersyst em bei ng adapted to carry fluid at sel ected various
bressures f o causbng Lhepld near driue f G IRYS oS 8Ahe Bl LhbdaidRae™! ¥
20 200-1, including a rotary tool changer 640 to which the puck bearing and load cell plate 308 are
secured. The rotary tool changer 640 includes an upper section 642 and a lower section 644
(Figure 17C). The lower section 644 is attached to a spindle 646 that rotates 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 signal 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 a pogo pin connector (not shown) received in a port (not shown) in the lower section 644.



WO 02/2.1410 42 PCT/ USOL/ 29799 8. Apparatus according to claim4, wherein
a space is provided between the retainer ring assenbly and the chuck, and

wher ei n aypanihphiery of the chuck is configured to have a rir@rrms@ﬂzﬁggthe
wafer on the chuck overhang the space, and wherein at |east one nozzle is

formed in the retainer ring assenbly extending to the space and directed
toward the 5 periphery of the chuck) thg apparatus further conprising: a
condui t systenrextendlng t hrough t he coupler sectlon and around the first

and sec ng assenblies to the nozz onduit .system
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receive one .of he housi to fo ara ear. eaJ.i.ng unit, the
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resist the tendencies of the chuck and the wafer to tilt . Appar at us

accor di regeives the guck ll);ld vﬂilesnglarhﬁ@re pI urality of separate | | near bearl ng

uni corrprl es, at arate_ | i near. ... Appar at us
neclfE o ngrt oT ey SRR EbLRiT wipeP SisPir 614 RERtjn Mk b peinpShet or
and wheziRivg, itel @y wiysdf adichsaBRbohhEetSraspa NHighRd I7®0rrmes§r§ctare &gérméd%ore near
bearing units uniformy spaced around the central axis, each |inear bearing

uni t haneleasably miesfthe $Stipnsobd2cmd 6t Mwe pjmnme@irautm acwaterthé piston (nefl at i on
to the fll‘(85]$ gl anet er  of ihe waf

pol i shi TYVEY OLthESAINESIRG S0 &) caNse @FCHgRﬁc% \Eogg tﬁp&%b@?ﬂ%ﬂ%&@? cal

pol i shi pg/ePaibABLN Dr AN referbSthefwb 8@foh®n; a chuck for urging the wafer
agai nst the pad with the wafer axis parallel to and 30 displaced fromthe

axi ¥ of r ot atheopucktihpurgeditoremoiel polgshingutebris hihothéomaterialn theipuck2t®ist ri ¢
with v €S o(vav%tm gutrgsel éﬁl@fl%ﬁ, z?r{(cf. VB e?snr%cludmg WO %IIS% 11 k%llayer qé%%c{ ﬁﬁgt%at 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, 19B, and 20 show the bottom 666 of the upper section 642. Three ports 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



a chuck support configured to resist a tilting force on the chuck resulting
fromthe eccentric polishing force. 14. Apparatus according to claim13,
wherei n tWwe @huglg support is configured with an array of heghidagd¥9s!Si Ngs,
each of the 5 bearing housings having a housing axis parallel to the axis
of rotation; and the chuck support is further configured with a |inear
bearing shaft received within each respective one of the bearing housings
of the array each of the respectlve | i'near bearing housing and shaft
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partly on the chuck 322, or is not at all on the chuck 322, the flow of air into the bore 932 will

30 not be blocked and the pressure in the bore 932 and thus in the conduit 696 will not decrease.
As a result, 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.



and cavities of the second set resisting a second tilting force on the unit
resulting fromthe eccentric polishing force so that the notion of the

retaini nowioodgsHeit relative to the chuck is only parall elpcraydofyse7axi s of
rotation. 19. Apparatus according to claim18) further conprising: 25 a

| oad cell nmounted on the chuck support in position to be contacted by the
chuck, the load cell providing an accunate indication of an anount of the
eccentric polishing force notmﬁthstanding the eccentricity of the polishing

force. rat us .acco Lai m.18) further .c risin a not or
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to the direction of the axis of ‘'rotation to accurately indicate a val ue of
t he pol digdetiog of dee@ais 213 .of thermeafbroehrfiesi208 othe neging operateinaklod eansey thegpatl bet ween

heni h i sh nd fer to be polished by the pad,
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an axis of symietry, the pad having an axis of rotation; offsetting the
axi ¥ of FiP-0¥ ahe¢ wafes206 has qbadbfweainscrltmdamdanf todilhsneh ithat dfe axireofryomiety waf er

0 G BN of R ARG s L SRR cacr
ot her v@dd 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-
WYV 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 operation 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



t he exposed surface of the nounted wafer resisting the polishing surface of
the pad so that the 25 pad inposing a polishing force on the nounted wafer

eccent ri owblogayiiph respect to the axis of symetry, in reppenseitaod he
polishing force the nounted wafer having a tendency to tilt such that the

exposed surface tends to nove fromthe initial orientation and out of
parallel with the polishing surface of ;the pad; providing an array of pairs
of |inear bearing assenblies adjacent to the nmount ed wafer, 30 during the
novi ng oper at.i on
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units cooperating to resist the tendencies of the chuck and the puck to
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unit of the linear bearing assenbly in a position to sense the |ocation of
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force fromthe pad. 26. Apparatus according to claim 24, wherein: the first
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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
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 to 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 Figure 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



shaft extending parallel to the central axis; and the second unit of the
| i near bearing assenbly includes at | east one el ongated 30 beari ng housi ng

ext endi ngweanaki®! to the central axis and receiving the gctheasbomne
bearing shaft. WO 02/ 2-4-110 47 27. Apparatus according to claim 24,

further conprising: PCT/USOL/ 29799 a conduit system extending through the
coupl er section and past the linear beaping assembly to the chuck, the
conduit system carryl ng fluid at a reduced pressure for sensing t he
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W th respect to the axis of symmetry) in response to the conditioning force

t helpuc kmapalsoregpescttbmwefer 206 to the burfase of thelpad 208 éorpalishing (Bignreetidy. fTbads t o

fove Ougnea"rodtnr]](?ves 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 linear bearing assemblies 230
and 232, each of the assemblies having a housing 254 or 274 provided with a bearing axis
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 between 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
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 retainer 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 parallel with the axis of rotation 210. Referring to Figure 27, during the holding operation

30 1050 an operation 1052 is performed by which the first set 252 of the assemblies 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
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resisting operation, is performed by measuring the amount of the permitted movement of the
wafer 206 with the exposed surface 204 parallel to the direction of the polishing surface of the
20  pad 209. This indicates a value of a net amount of the polishing force imposed on the exposed
surface 204.
The present invention also provides a method for controlling relative movement
between the pad conditioning puck 218 and the chemical machining pad 209. Referring to
Figure 30, the method may include an operation 1080 of mounting the puck 218 on the
25  chuck 322, the puck 218 having an axis of symmetry 224 (in an initial position). The
method moves to operation 1082 by offsetting the axis of rotation 211 of the pad 209 and
the axis of symmetry 224 of the mounted puck 218 in parallel relationship. The method
moves to operation 1084 by urging the pad 209 toward the offset puck 218 parallel to the
axis of rotation 210 (in the initial position) to cause the pad 209 to impose the conditioning
30 force FP-C on the mounted puck 218 eccentrically with respect to the axis of symmetry 224.
In response to the conditioning force FP-C the puck 218 has a tendency to tilt such that the

axis of symmetry 224 tends to move out of parallel with the axis of rotation 211. The



30 provided with a diameter that is small in relation to the first dianmeter
of the wafer. .As . A LA ?.As?. A A 2

ALY A L. WoAR2AH8R As AL, A'S,. A RA L. A s. ALL?. AL . A plegyio1/79766 2. A R
.As[LR A L?. ALLR AL"?. A" " ?. ALLe.A's, . A " RA,.A; RAU . AIL?2 A 2 A
"?2.AN RAns, . A.A; 9. As(LI.ASN . A L. A" 2. As9. A" . Al s. AsLWp5\t (T ) 68G

| wmhc”Y] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca)calca]cTa]ca]ca]c:al ~HdUngM $! z1} xsnid_Z] ] ca] ca] ca] ca] ca] ca

oo ) g ol salsphcobgtem aglphpploaterialsssnlinleanlae) ool oo
Y oﬁthhmm&ﬁmse@ﬂm]ml&aﬂ:wlefahs\ain?aia&@]dkajmbﬁﬂz]ve ﬁm@]aca] caJcalc

a] caU] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]calca! T.c. 1359999:
; T<<=} su@aopROOEERBBH reRdc & pk f Ehehethpd oiay alsoahadedecai Qp;:tﬂtmallp{i&] caljca]calc

I 2GCGHOHHAI 11

' ﬂ ((:? 1 3 ? M%ﬁﬁ&k@%ﬁ é‘@hg%%ﬁa&@?‘%é’ﬁ Jé&?‘lﬁ‘ %gﬂlya]%ﬁ%\s]‘%%ca] calc

a] ca3 caifeGRdverlchadht g&&waﬂm&a&l fPthe Biréona el £3d sabefba 21 £ indilca@' NRR+SB
SSS&THTTTUf UU$SVIVVWN XXX#YYY, 2ZZZ] [ | wmhc”Y] ] cal ca] ca] ca] ca] ca] ca] ¢
a] ca] capwalpeaf @apoaqluampgéf}rcaFBé]‘ca]im?h] ipdicateinomby aboadlingte dlequdsend ca] ca] cal

! LI ADNNNS M T b/ /dd mhc”

ca] ool cHVE Pt g a%ferasar@a[ﬁaeaq s RRR R o) cal ca) cal cal el cal cal cal ob) ca
] ca] ca! dd9eeggfe @IGEIBR1, the present invention also provides a method for controlling
im|ii3jjjjkkgkskkl ol ITmgm{vql g b] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcal] ca] c

a] ca] caadativeanavaien] beijveet tba]:bq]nc@l]m@]lum]g:aqdc%(]mpdhq pad cmfitehpgrputhno>000

Pl RO Dhe methesh ey sl 4R qREER P20 phmpting Hhe Bk A e EcKa) ca caU
cal cal capraleplokal ook ord it alis ] Sl iayals akiabictlsaator pARF e | M-a—"

y>j | wr mhekstiig] mpaaqm pad 226 B 08P bad balpialo€ sftaagroz] e ffvajabdda) cal cal)

d{val bl PLaearEes 07T bR GRS ol R AN e d 499 f1n e i) ca] ca)
ca] ca] cgf &34 rﬁé\}}ﬁ@i@@dtﬁ@h{éﬁhféa 882 G2 MRUnGQREPHCV & s Dpbiiéh I dsapyra) ca] ca] ca]

ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]

ca] &3] catoyidyngrihe ERuckewippert glaled8cfar raisting mavoetof freaiadishing peddceaf the] ca] ¢ a]

T cap PR G i 2 R T Rt e R TR e Rt ca cal

ca] ca] calatedoRaligr nfdhSPiG 3dsad opérafidn 1096 by providing the chuck 322 and the chuck
W c%’| wr mhc”Y] ] ] ca] ca] ca] ca] ca]’ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
] caU] capupppoaatiapedhvithjaqdirehiyod peund ofdljreat an@ssqm)b]iw b Eahofitheal] ca] ca ¢
213? 213? 25(: %BE&S%&%%L a USIL 16? an]o %]eg %Jlt%aa] %.11 Xig gr%lat?cii llﬁ%] t%alll ca] ca] cal] ca]
nBbgy uU? nfald 6@h€ pAE 209 Al ehbof %Ca@de%ﬂ]l@@%&ﬁdscﬁﬁm} srakcabGadetadical caj ¢
a] ca] ca] ca] cal ca] ca]c %ca] cal ca] ca]rca] cal ca! | | 04ES| wr mhc”XUU] ca] ca] ca
] ca] ca] ¥63 apestiye apeef] ah@@}w]ﬁé] 8% exspohliesal aﬂ]r@ gtvaes W]Cbaf]lt%’ﬁ]?cfmpca] calc
Ty b wdlqTOR PP Bt B T e iy e R tipR AP b e 405 k) o ca
a] ca] cakggpbaal ﬁ@BOSiltheﬂﬂlﬁ@ﬂ}fo@it@ﬂ]t@f’dsﬁﬁih@&ﬂ&dchl\éﬂt:of the &«Miﬂtrr ce of the
& ()) | wnmcrYU &ca cagca] ca] ca] ca] ca] ca] ca] ca] cal ca] cal cal]ca] ca]ca]ca]ca
U ca] capa@?@aqow{cb E outleal & alhedjad 200 ampesey theroonditipring force ﬂ 1omthe 3| 3415566
6/ 6
B8yl POPREP PATE RS e E oL L seopse e £ L YRSy 2311} SRS ] cal cal o
a] ca] caleabnalioning dbes FPal andtiniek Gal aid tEPaek 209 on the chuck 322 have a

: B<I<<=y>>87?7?A AoAr AABXCDD6FFHgHI : JJJ| wr mhc”~YU] ] ca] cahca] cal calcalcalc
a] ca] ca]@d?@e{]t@él]téaﬁ] tha) Bapxis|of symaipEn Pehesds toapevs e of anelis! ca] ca] ca]

I J4AKKKRL L PP
fgaU] café‘éfté‘]lf% ?&] c%r Rl?‘?? wk{gﬁ%%@?hhﬁé }/(Zéa% %%fa‘é‘ﬂq% Lgﬂ:g?
© ca] ca] ¢ @leaadthodmboSCYag opefatiad MDYF iAVHiER e Esemblies D aeefecivess uéu/sal gb] XU] c
a] caéca] caj ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]ca] caJ calcaJca]c 2]Oca] ca] cal ca] ca]

ca] 3@] c dledapwugdpnak 2 P darasist powsiosns @y the polishing surface of the pad 209 and the

zhzz{s{{C \ C aj cal ca
cal cal {c&r%%w }“w%s% e AR R L S S e W
{val gb] %picandk eriventeadfced cﬂﬁl]:l@B]ZZZfﬂlﬂﬁk@@}f@&hﬁd&ﬂ@@bﬁ@lﬂt@&@&@] ca] ca] ca] ca]
ca] cal ca] ca] ca]ca] ca] ca]ca]ca] ca]calleT]

h]| M H' <| wmhc] X] ] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca! #Y/ +: $z8KZPzupkf a\ W ca] ca] ca] ca]
caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caV] ca] caU] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] caI pYoZHV\By YTI }xsnl d Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]



WO ()-y
109%&' () - <=} >>B@ABAEUV7!y) #10%& ()- ' $10%& ()-L! #10%& () - s 0%& () -
"109%&' () -@&%kBYHio() - BBCCCCCCChC! " " 10%&' () - 10%&' () - 10%&K' (plo1/0891/34399
101#109& () - 0&109%& () - CRDDElI EF?GJEDC! " $10%& () - SH109& () - YOO ()- TH109%&'
()-L"109%& ()-f & 109& ()- ?GCGHOHH#I dELC! ! G'109&' () -~ 9! 10%& ()-s@

109& ()-f109%& ()-910%& ()-!10%& ()-#1 1l3h1 (J{JJdEDC! +#109%&' ()-f*Z10%&' ()-LY(
T109%&' ()- &M 109%& ()-f%

0 G IR B B B o
‘ ;]égo}/gg (1 § fk@%cdﬁeniﬂmﬁ@éﬂd%msh&@%&rfé&e SIHRARSEod i W& 16 dpetESPE () - |

1098 () 2HEdPnRRSBSHbEIeInov@nany otauhﬂybm 322 relatioom thy chuckosgpport PGV’ () - y#
109 () 3(?8SS§§‘ E%th,EQ E%v%]yc qg&&% CX Or(l)lqug ?31‘0 i«‘ﬁ?cv

109&’ ()
1098 () - TUF UREHY, i MZ s Lioiet AEE&J&%&: o th3SHL ¥ rdskndfiveHivl rélites R 0%&
()-.310% ()- VWO "LI0% () - t 10%& () - 910%& (

10Y: 10%&etipd of pupige t@ly puahiBrxeondiisnDig the gh@nicpl mmm(cyzpohshmg pad 209.

i;éoo/;/‘&( 9‘ $10 ﬁ(o&l(s A_)é;l&é%%gfaégn 563’00%%»5»)1@% gpze%%%lsz%:j and 904 in the puck 218

109%& () HByvKith the fRAE649 may Fibw. \I\h\edxlfeb&scﬁiaa%’s to)an oP(é{QP{&x £0328'which the
10%&' ()-s10%& ()-f!10%&' ()- F$10%& () -\t] ] A2~ dEbCI
109&' () Pyck: danrw@w)s provigied w)thfah uppeyosas @9eand@@im9©() atﬂ&ﬁ/ﬂ)@‘ixﬂae(@l e@gerofghe M dE

D0 10 SSAOHEL) A0 () S0 (s BFRICHE L) RO e BRI M
109%& () cottdrai &%(6 mele@ﬂ@élbhhﬁlﬁb@e rh@¥iéold 120 &F e WRudl 262 (3 Qfikad ireltiaid 3% () -

L10%& ()-ff!10
b/ ccc/ d@udﬂbt@lﬂms (ﬂ)e wrfao®of(the pwikssuppat ¢3rrien220. (Thefmerhad (n)ovesmwc(a)nod 9eeeE

ff gdEb 0 &' F10! 109 ().-.Y 10.%& f.3|:
{ ggqenniEar ey pps P18t phaliSsda i o prsigbiifes chapraiiorpp st
-hh im ihb'l%l) gipkbetend g %&rdl)) from the support surface. The method moves to operation 2038

ys6' 1 109&' () - 410%& ( y#lO%& ()-f1T10% ()-L/109%& ()-3jj]] kkbCl
" 1R () whitly o port 9 deyts 926 am(fommd thi@ek plate 3§Dandosweti¢n 643gszk¢< patk dELC!

109&' 0/& 00/& 10 V&,

310% %5949? ‘8)"4"1) ﬁ"%ﬁ% eIyl &f‘)‘*?%"‘:i‘o?o}é’is 0. eipjaged, yThg method

109 () mole8’ oﬁ)}:raléﬁn 10&@m(\bmcmm@mﬁmnpeb5&%y§ls su lled throu h the puck carrier

10% ()-" S10%&' () -y9l M 100& () - S109%&' () - 10%& () - Ynt 10%&’

pj ppp#qdftesin mw?éﬁ/& ble#llmﬁgyraummth@)pU@ cgvigr 220 @&e 1@mn(fpld) &opreak ()

-a@stt { tﬂlt{%tgr‘]&égéc{c}ss the pu@k gapport 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
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 symmetry 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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permitting only movement of the mounted puck 218 with the conditioning surface of the puck
218 parallel to the polishing surface of the pad 218. The method moves to operation 2060 in

10  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 axis 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  surface of the pad 218 and the conditioning surface of the puck 218 toward each other. The
method moves to an operation 2076 of 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 conditioning 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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signal 264 is performed and the force of the wafer carrier 208 in the upward direction (see F in
Figure 1B) is adjusted as necessary to provide the appropriate force FP-W applied by the
polishing pad 209 on the wafer 206 and the wafer carrier 208. A graph of the type shown in
10  Figure 38 may be used to select the pressure B applied to the fluid 293 admitted to the linear
motor 290 according to the amount of overlap OL (Figure 1A) between the polishing pad 209 on
the one hand, and the retainer ring 282 and the wafer 206, on the other hand, that is experienced
at any given time T1.
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 illustrative 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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1 axis and parallel to the axis of rotation, the chuck being adapted to receive a polishing force
from the pad, the polishing force being parallel with the axis of rotation and eccentric with
respect to the wafer axis and tending to tilt the chuck so that the wafer tends to tilt relative
10 to the initial coaxial relationship of the wafer axis relative to the central axis; and
a linear bearing assembly having a first unit secured to the coupler and positioned by
the coupler at a fixed location along the central axis, the assembly having a second unit
secured 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 wafer to tilt so that during

15 movement of the second unit and of the chuck and of the wafer thereon 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 linear bearing assembly in a position to
sense the location of the first unit 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

notwithstanding 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 unit 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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5 respect to the retainer ring axis of symmetry and tending to tilt the ring assembly so that the
ring assembly tends to tilt relative to the initial coaxial relationship with the wafer axis and
the central axis; and
a second linear bearing assembly having a third unit secured to the retainer ring
assembly and to the first unit, the second assembly having a fourth unit secured to the chuck
10 and being movable relative 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 system 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 large 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 drive, 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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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 ring
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 separate 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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yz 10 /‘&bé:zring 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 linear 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.

20 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 relative 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 chuck support configured with a first set of 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
10 the axis of rotation to enable the pad to apply to the wafer a polishing force that is eccentric
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;
linear bearing shafts, the shafts being received within respective ones of cavities of
15 the first set of housings, the respective linear bearing shafts and cavities of the first set
resisting a first tilting 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
20  respective ones of cavities of the second set of housings, the respective linear bearing shafts
and cavities of the second set resisting a second tilting 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:
25 a load cell mounted on the chuck support in position to be contacted by the chuck,
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

30 moving the ring unit relative to the chuck.
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wafer havmg a tendency to tilt such that the axis o symmctry 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, the pad having an axis of rotation;
offsetting the axis of rotation of the pad from the axis of symmetry of the mounted wafer
with 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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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 parallel to the axis of rotation, the chuck 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 axis relative to the central axis; and
a linear bearing assembly having a first unit secured to the coupler and positioned by
15  the coupler at a fixed location along the central axis, the assembly having a second unit
secured 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 parallel 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 second 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 assembly includes at least one elongated
30  Dbearing housing extending parallel to the central axis and receiving the at least one bearing

shaft.
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further comprising:
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 substantially 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 symmetry
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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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 pad from the axis of symmetry of the mounted puck
10 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 conditioning 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
15 atendency 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

20  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.

25 34. Apparatus according to claim 24, wherein the piurality 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

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



