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BACKGROUND OF THE INVENTION 5 1. Field of the Invention This invention
rel ates ggoes@idy to sem conductor wafer polishing, and nmwe/psntiel arly
to chive nmechanisns for ginbal projection systens in a wafer polishing 10
environment. 2. Description of the Related Art In the fabrication of
sem conduct or devices, there is a need to perform Chemcal 25 30

Mechani cal Polishing PROJBEETED GIMBAL POINTPIDRIVE, buffing and
waf er cleaning. Typically, integrated circuit devices are in the form of
multi-level structures. At the substrate |level, transistor devices having
diffusion regions are forned. |In subsequent |evels, interconnect
nmetallization lines are patterned and electrically connected to the

transi stor devices to defi ﬁmmmm,evi ce. Patterned
conductive layers are insu € ' | ayers by dielectric

-mat eri afj[s, l.sf*&:iﬂ @tﬁilhb&%ﬁ“ oxide. As nore netallization |evels and
elec

associ at ed di ric layers are forned, the need to planarize the

di el ectric mat eThigl invéeraiocpasdses pondfblinasitseplicndidtdntwader, pladhing adndomoed

addi tional netallization |ayers beconmes 20 substantially nore difficult due
to the hi ghatewlady 40 idsive inachanismsufor sgigbab pejecsionysystemsotoh arwafph PPid¥RHns,
metallizatigon line patterns are forned in the dielectric nmaterial, and then
nmetal CWVP 8lbvé’i°3f1138tr1$ are perforned to renove exces \ yon. Further
applications include planarization of dielectric fa\“mmm mﬂm d prior to
the netallization process, such as dielectrics use or, $ gl low trench

i sol at 1®n 3+ Desgriptismyofitbe Related drdt i on. I n the CVP process, the ginbal

point of a CMP supstrate .carrier.is a critical elenent. . .The substrate

Barr1 er mist ol P tegaHon oF sBicGRtRu diidEoninitantes [f Btitat Ghihtea

uni form  pivaRRini£P PoiEHifg (CHPY bbsrati MRNhcfd4h ﬁhfngz Buffiak 'ah& Waf& ldagie! ¥
avai l abl e yield wafers having anomalies in planarity. The vertical height
of the pivoypipdiytintebated tibmipdévictsi arg is uhé domn iof nabl§develpbncamds, ditribe t he
greater the height, the |arger the nmpnent _that is induged about the pivot
poi nt dur i SPSERFi lE¥Rlnfansisier pevicessharing FEBisionsreaions gsiamed. sgpeaiesb oy 2

_ PCT/USPY/ 42312 wc% 2tV fion Plels SHL 0 ARPA AL YSEIHANE LRS!t g?& ng

'y
of the center of t er, and the i1 nability to adjust the control

waf er edgetrensidtarsdeviceaso gefoeeths deareddbh@nehdavipe. Hatierned aopduetive ldystsraat e
careers used on nmany avail aple CWwW macré}lges,experj ence. a phenongnon kpown
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in the artingelateddeqe gihgr pepductyg fayers By didentigmaterialsy gl 38 SHICER didheny
e >l t R o
Y ot v € SReriBaBidiRINRs bR asShRAE Uidlodtic Aldts TREHmel U kel 10

Thi s nmonmenplagadieaie dichcatsmarerigl intieaent i al al ong the direction of notion of
the head. The result of the pressure differential is the formation of a

st andi Ay wave oWitheut qRenarizafions| fgbriationaef jaddispnalcmstallizatinn f layera npcpres

abr asi ve sunf Thi ! h . Qf the far, i i

ondi ng. 10" SAGERaYY dicle STHERR ba SeThPRuber ARG Th wlBbke Pplkebl iy (o
a greater deer ef;pltdaaﬁnst; heetlEPAtRh Bie pliemwairerfornidtin tirDMelec®it mBteR4ll ahd on
the wafer is related to the chem cal action of the slurry. As slung is

i nduct ed béeresstal HeMRapperatiors ef¢e peioransdy 0 prpaovEn gx¢esh dnefallizption al s
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substrase eajckiseEuchias Ricleditiés A& shitlow RenowaikSlhtiofSPRE Fﬁﬂcﬁétaﬁin@ﬁlﬁﬂicﬁﬂ. shed
rate of chem cal renoval when conpared wth the chem cal action at the

| eadi ng edge of In e €M preaess, dhe ginbal(poiet of 8 KAVIBdy®sEate tqagrianad ¢r Jritiaple to
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center of f
uniform, planar polishing results. Many CMP substrate carriers currently available yield

wafers having anomalies in planarity. The vertical height of the pivot point above the
30 polishing surface is also important, since the greater the height, the larger the moment

that is induced about the pivot point during polishing. Two pervasive problems that exist
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20 Apart fromattenpts to reshape the crown of the substrate carrier, other
attenpts have been nmade to i nprove the aforenenti oned probl em concerni ng
"nose di Wwd%202276 @ poor art substrate carrier that ginbalpeTisougs2a
single bearing at the top of the substrate carrier, sizable nonents are
generated because the effective ginbal pgint of the substrate carrier
exists at a significant, non-zero distance fromthe surface of the

pol i shi ng jrerost2GMPhwefer pplishing epriamiedes fesy enderpadishingpf dke eondersafrthese@fest t he

pol i shing pad, act.through this distance to create the undesirabl e nonents.
ur ther .t i the ity Bl fortpf pERERn EfeeCR Rl o us g iioBlEs Sp e
driving spi ndl epheMenio\(RokHARSHESES bed o Mah EAHERLPIG ANTP mAARRs SkpdriRbce
effect. In particular, using a single, or other direct drive nmeans causes a

f or ce nonmeapheduovaon kaowafie thet dvqgs ‘agat diveE" cRuses polishewe, thotiead réachgodayer ,

drive pins are a source of backl ash, singe in needs to be free.in a, hole
‘to all oW pPobtiiore e @&W{%ﬂ%@swﬂa@% WEss VEh {5 Qigely igenced

foregoi ng, bghﬁé gleioﬁt ar e didhon it kiop@é%v&%%&s%oﬁénvséa&éa@ta bRs&apabl e

of driving waf'er” wi t hout” causi ng’the wafer edges to dig into the on
comi ng pol dghereigiapadongliie direstipons bduhotiad lobwht headafThe tesulbeofdthievpmssure
rotationally yet still pivot to allow for non-alignpent of the rotational

axis with thErensial icthe Sonmation ohm sapdingayaye plothg ghemsal YuRy tabineRscestherE

| NVENTI ON B i ng. Lnvention fi : A
provi ding 3208 TERRECsrebE, PhERaRes MRk P he btk o3 L BEISpde
transmg t edddedoforneatibitrapetfle @b bediese polashedfidiatamddbnggieitat dédres paanke of
the. wafer mght not be exactly perpendicular 10 to the axis of rotation of
the drivi ngenspiafdhewalphus, the drive mechanismallows the wafer to tilt
about a gi nbal int |located on the surface. of wafern.. .00

enbodi nent, a p&g‘fer(??l%ﬁg?fﬁﬁlgfén %Pﬂttﬁ%r“{aveer 1§,y1§¥age?}o‘$ﬁ i(‘ghc?fllégaéaa%%é) f the
proj ected giyagalAsPALRY i8nhAR el BétREH Md WAES @dsmbruﬂr@im?@d)lasd Qbactpphyi ng
a torque, and further” having a concave spherical surface forned on its

| ower por t clymicals sesponsibledfa iemoaalneff the wafien anateriad pasadually Depeme ieahaystagh t hi n

Sur ook f oot el PEuR pbiel BRE nooy ae e aite L PuE B e o

“spindle. | gi.@dfii\ietde?&r oft thl hMFéerPﬁngh%née@%l gidgdishdiptatd of dhahRge—AnRaNGaBn t he

spindle and the wafer carrier. rive cup has a concave inner surface

.and a conveampated rwithutHeachemicah dctdrd etnthetlbmling édge ofathe isgbstrate pariet (ittadh@bout

a predefined gipbal point. The ginpbal point. can be 20.|pocated on a .
interface ség%&eaw &) é‘f‘ﬁ Wg‘%ﬁgiﬁn’é‘h%‘eg AGLYIEYS thSFh%EnWﬁ’I%éPt %Flﬁnﬁwn‘fﬁr?e‘t
waf er carri t iabal point can be intentionally | ocated above
("nose di v:‘r%hﬁﬁgékggf”o%t?@ﬁ?f‘%") the interface between a polishing pad
and a 2@rface ofAprivadrerattemipth toyreshape weef erowoanfrthe substragesiniadothenatianopther
enbodi ment, a projected ginbal point drive cup is disclosed. The, 25

proj ect ed &?Yﬁ)g?e“p@ﬁ‘ilﬂ togimRreve ths afprementigned Hrglplg{n %CE‘PGIBfngeI“Sﬁ%a‘cvé‘Eg sfots

| ocated in - e 0f [ ; £

el ongat ed 8Sf FL¢EEA AmahadaRell didfefh sHEICHRurEAF YT GFRORR SRkt
drive cup ahirewsiabkahemesBird gonetatedigechidetthelefitnvive gamipal pdéaftiofide gibatbat
point. Afirst set of drive keys extending out of a concaye spherical
surface of camispiesistseatcn pigpificare @ongerx disiiacs Hem thecsurdars of the Pelfshingpad. j 1y
t he driye il ar ! endi of a
convex S phaftyafedieritd ey iR Al Serlk of b Sl 1A AL G 18
set of sl otdsst@fceltd Eredieci thenwdepiraiiPpidoddeats y, the first WO 112/ 0227C 4

PCT/ USO01/ 41232 set of slots can conprise two el ongjgted slots, which are
separat ed by abdlwthes themrege Sertorsianahdrivasdhaticoprast e iabalde thediiang spindlgp.

Simlarly, hta\bee p%oevceaqgnsﬁgctess%l 1SnI Petdﬁci%gr{hg QHBsrei 319ing” effect. In particular, using a

single, or other direct drive means causes a force moment above the wafer that again
30 causes “nose diving.” Moreover, drive pins are a source of backlash, since a pin needs to

be free in a hole to allow pivoting.
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two el ongated slots, which also are separated by about 180 degrees around
the circunference of the drive cup. Further, the. first set of slots can
be | ocat agpabewdzsni nety 5 degrees around an axis of synmmetrgr/esoius2dri ve
cup fromthe second set of elongated slots. A nethod for driving a

proj ected ginbal point systemis disclosed in a further enbodi nent of the
present invention. A spindle is provided that is capable of apply a torque.
The spindl e i ncludiew of tbofemgeingptherei is & nesdfpne gimbd fhasedoiorgion guige thabit i on
of 10 the spipdle. A.so, a wafer carrier is di.sposed rtially within the
| over port?fg’ﬁg](?f"ft %Vlg%ianﬁf‘fgfwﬁbgumuéwgct ?rwqf‘égr)e e Itﬁg = 1r§o é%ehe]é)gormng
spheri cal f10r # i A &1 edlot to
surface of EéiLsfgﬁgsqarﬁlleieﬂ.% T esg%liﬁﬁglﬁg@?géjﬁﬁﬁkigz%ﬁgeéﬁ?gﬁ? hgl}\?\g‘ﬂet; ?arri er
usi ng a dr alkev otmati-dipnsedt bithesematioted asisiwiti the zodtactharfaat of theawaferdheing\s
above, the drive cup includes a concave inner surface and a convex outer
.surface’ afdvers allows the wafer carrier to be tilted about a predefined
gi nbal point. The ginbal poiy ! interface between a
pol i shing pad and a surface B4 A N O st er carrier.
Optional ly, thepgi I | [ I Of] e %p@){ r w
the interface bg?%@ﬁs%&glo’% Stlﬁef‘ﬁg@%gdﬂgﬁgfogo@% #%g‘lé%ggastﬁ}é waf gip ghaelagbbf)y
the waf er gREhiniym ahatdpsintiedtorgfe Aoy aixiagfentes ko bet thansenitbat]itoren wafarf beihg

present invention can be configured such that the spherical shape and
concent ri cPekshed, nafevithstanding that theglang wéthepyafer prghtmet be Fxaetly pemspdiculay

surface,of .t f er - t fer. L n
oxi o re 108 AR FroBRPASLoRRANE e | T BeRfp Hechbiibmidlots BROVALET
whi ch the yafirabbid & githbapoahaveatad ohahcoviridee ofialiewafead Ih nine rehewdimémy ses

axe generated that push one sector of the 25 wafer into the polishing pad
nor e st r ongfojeat¢thgimbed piiivtndtyd eydtery isphesdesed. sthe grojested rpampglf peing diive

hed, | ti ' desi.r abl ff . Th ' el)
nvont | on' st iteedss T SPodk CETHE o PR dapTen LB Ry Hayiicy Bhase

del i ber at eky,drifdaPsurfRP Féplddesh HRIMIRE pbRicA! 0All6 SnAudkash hadafeLeditr dishdied
aspects and advantages of the invention will becone apparent fromthe

fol | owlfig gettially edthirederlowed mmtion ekibn spindB0 Thenyafercaarmey hak elgontax spherical
“acconpanyi ng .drawi ngs, illustrating by way of exanple the principl f the
[ nvent i on. STARIOODRG 987 SUTERCRRIPES S Ser PRI En PR LE HRRATAES sPindie. Th
- PCT/US01/ 4é3§i€i0;[,h§ dﬂgl‘ée&\z):c RNinchu@S@tRR is VMi§ﬂ&)|séde&tﬂ%En aRY apinditesnd BRS @@fer mMaYy
y r

best be understoo erence to the follow ng description taken in
conj unct i oratsiet.hThé ériee cumipamydongaveriamer sggaderanvia convexcoreysureacd, ang adows

inmplified hemati c, di m of . 1 cal hani cal .
o b ot b5 B e 3o eB A iR SR o AR Boink g2 Pesen
L DVent LA 18daHl dh & inferfiBe bldlst b Bbl G PRNAG GultBe 6f o GR1AREIITRANA MR

grnbal p a

havi ng™a projecte ol nt Ive, ccordance wth an enbodi nent of
t he presentaitrityeMurther, thd ginital Poins cai e ibmicanlly lomtedsabose tnosadiving 9wrA- A

h h th f i 10 hani i i i f
ot at Fon oBElcHE CKETAMILES nETERcF Patean & PPN BB LA e e OF Sera st Bnie
view B-B t iy auahihgs yafea earner

In another embodiment, a projected gimbal point drive cup is disclosed. The

25  projected gimbal point drive cup includes a first set of elongated slots located in a convex
outer surface of the drive cup, and a second set of elongated slots located in a concave
inner surface of the drive cup. The drive cup allows a wafer carrier to be tilted about a
predefined gimbal point. A first set of drive keys extending out of a concave spherical
surface of a spindle can be used to extend into the first set of slots in the drive cup.
30  Similarly, a second set of drive keys extending out of a convex spherical surface of the

wafer carrier can extend into the second set of slots of the drive cup. Optionally, the first



mechani smintersecting along an axis of rotation of the spindle. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An invention is disclosed for a
proj ect eqygigsladdsg poi nt drive. To this end, the 15 present poTyEsHhiion?
provides a drive isolation cup that permts torque and axial force to be
transmtted to a wafer being polished, npt w thstanding that the plane of
the wafer m ght not be exactly perpendicular to the axis of rotation of the
drivi ng spienf elotd ¢ant deenpirisk | tonishengatedonlotpt Walsh arrusapevtes aypabaut 180 glegrsrs s

are set forth in order .to prayide.a thorough.understandin th resent
i nventi on. arPE“‘in} Ic_lrﬁlémgeﬁ%‘?ﬂ%éﬁt&,‘e ‘ﬁb‘{ﬁe‘i}‘& ,S_lrpgar@ﬁgh%ﬁcg%ipﬁt Sg SII%%’ c;[aﬁgoglp ﬁ §ei hat
the preseny,d NY&YatedNsITRY RRicR' 866 | £8dsephtaldlbyS ot 18R kofks tA16&RI the
»specific details.” In other instances, well known process steps have not
been descr ¢ibmehferencedhibe driveauge Furtber, the finshent of skots ¢ap heblocaied abors nixeds ent

invention. Figure 1 js a sinplified schenptic diagr of an exeppl ar
.chemi cal n@t8seRTi Fayn P‘hﬁélﬁicggﬁtyfrwt'(ydfigﬁ“e@%mi fﬁ%?@%ﬁ%&ﬂgéeaﬁﬁl"% ed
enbodi ment g0 the present invention. 25 As shown in Figure 1, CWP system
200 is a fixed abrasive CVMP system so designated because the preparation
surface is an endies®dfioxedvilyr & projected gambalpobe| systéfOis disolestdabrafirther
material belt 450 is nounted on two druns 212, V\hi,ce(r}l/\griye t he beflt 1n a
r ot at i onal embediment af theeprasene dnvephon-ndy sripdlg 1pPravidesidab sacappilecqt apply
nmount ed on fer [ L. . nj , j i i i i~en
206, To calTgoulid Sk IR, SO sollicrDelrhol Bbeiton § Ve e o8
agai nsto t hehe! Ghille.NIEd, XL Waftlcaficr &s @Bpesddapartisilyt with shictlowar portioa df.théds s
wel | known to those WO (12/11227G 6 PCT/U S111 /.11232 skilled in {he
art, the fepipdler Why vrder garriey inchidep et comex gihanesl Yilapm formed) ep a surface

pl anarization processes. Platen 2 ' 1 5:.di-sn0 I i sive
mat eri al bSPQOSﬁg 1 BTG iv.@ggce{rfﬁgxlfg%q %ggplﬁ)@lg\yiﬂ‘%ﬁﬁ%&%ﬁ tgwé Eé‘%bgégdeﬁ%ﬁt@o
whi ch vaf etyafeh4afft RthpePRkive @up ldsssil)@ged bawkén e @iids iane theivafdralarreel As 450,
the topographic features of wafer 414 activate 5 the micro-replicated
feat ures obévexditt dbveasipy éncindes i cincive innaseurfapafagd aceanveR ouis sHEATS #1400
is configured tg prevent signjfi.cant. activati.on .of. m cro:repl
featurd p\aﬁ?W% W HBCRSIAET g‘hk’%tt&ﬁﬁi _aB‘é‘ftta pEgefiRed, %E@P %OIE'figEh %H%bag%to%gfer
414, as w Flm B? Riatdash iidiQERe debvidch %lf&ﬁ&ng-rﬂhﬁsand%ﬁi‘fabg%f b GRAET R b
features of warer 414 are planarized, there are no remaining topographic
features t theaotaferataeidrheOptionadlyr €@ gicattab ol dap deuinggntiohally ted bRy \05
material belt 450. As a result, the mateyi repoval .rate.s o] or
nor e order g’e]@f” &*ﬁdﬁtie’{fﬁ%?et,’eti”ﬁ@‘r %89{;%\1%?%{ ?‘f? & HHH’%R/IQ% HieoRalss L%%‘ﬁ Wafer
automatic %E&Bph{‘?esﬁjé&r acteristic referred to herein as "sel f-stopping."”

Figure 2 is an illustration showi ng a wafer carrier nmechani sm 400 havi ng a
proj ected gi nbalAdvahtageaislyy the emboaomentsi afithe préseit invensioh edi re nentéguredhsich
present invention. 15 | n one enbodi nent, e prpjected ginbal point drive
is a drive thadhasplsaicalphara;agg FOBELIRFEIR ﬂﬁe‘P“I"fgﬁ\%P{t&ﬁE}W A0 otlheaflﬁljwe

spi ndl e, I.C ] e ' t ' A av|f er
bei ng pol ;Nfsghlen@eoﬁigg%%fégf ﬂiéowg@?(%%ﬁgﬁéssgfé tﬁ]}%tegh%r‘gggln%@ﬁ{/pgh%}?%rgu ?g capabl e
of transm thiin@s hethe plangafandwater-phd froerfaet & thhexisabeut witth tietwafeatileh vy
that the plane of the wafer m'aght not be exactly ]ger ptgndi cular to thg axi s
of rotati orbare ehkelawithe mpfacpadiniceiaee. fafas By RS B PUSHENGSPEPT ehE er |
As di sgussed i n. ten. [ S t i bV &
sl at on cupgeo® Bk Alisdtiey AURIERHER' i e BaBEAREY bpBluik NG bF e

gi mbal poi rwafép@@?aaghean réN@irgnie uhaestrablet wkfens. t HEhep embsdiimegtspaf] tha preshat
surface of the wafer that is bei n% polished. In this manner, q‘i-”bOdi nment s of
6

t he presentinvensientallow these dersabte befreducsHdeliminatede oF camleyedodaliberataly fiang
¢ lied di. cul th f i G, L h i |
pornt °i n” o hBRONGE afiaheto oL BdselBl it P V"B al°Binfiecd b SHeThS

A-A throughpidigionahll wRbMer apfRedanfrem 4Q0 folidveing eddthing dbaniptian, sekies of
rotation of the spindle. It should be noted .
30 conjunction with the accompanying drawings, illustrating by way of example the

principles of the invention.
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that the axis of rotation of the driving spindle shown in Figure 3 is an

i deal situation 30 wherein the axis of rotation is coinciding with a |line
per pendi Gybakeidet he wafer, through the center of the waf ecT/USNDIAI2/ (12271
7 PCT/US01/ 41232 The wafer carrier mechanism 400 includes a | ower part 426
of the spindle 412 coupled to a wafer easner 422 via drive cup 428. Drive
keys 446 and 448 are used to transmt torque, as are drive keys 438 and
440, discussed subsequenBRIERDESCRIPTION OB THEDRAWINGS pol i shi ng belt 450,
di sposed bel ow the wafer carrier 422, is used to polish the 5 surface of
the wafer 414 dihe inyeationpogstherewith fyrthes sdyantagss thereef, may\Reshs Hfestaa

applies a torgue an d r r S. -

wafer 414 BORTRERCY o CoRRATAG csRieh S R Brs M il HR S Bpphif
perfect al ygiBgtin wihi¢h:ne 454 perpendi cular to the wafer mght deviate from
being exactly parallel to the axis of rotation 452 of the spindle 10 412.
The enbodi ment sFigura hés psispified sshemeticodiagarash aigeremlsry sbewimbaselaniqy

m sal i gnnment. To .thi d, .the enbodinents of th r i 1 cate
The warer Birstub M Syt dp FERARGE VAP chitBaBias Sf fne PRl IRt o1
posi tion perpengidil ars bR iliprafion SBwin@%l WafdPearRECibhanhavhaving bpeojedtad

lies on the wafer-pad interface 416. In addition, sone enbodi nents can

| ocat e t heginaltiadpoitil dring, is acdordance Wathaaniembodimant gfthetfiresenhigvemiast t he waf er

414 from a positjon perpendicular to the spindle gxis.452 ogcurs. about a
line that |ies psUH Bels ft etef?é(a'i}\% @%stéﬂcqcﬁlagl"’feé?’c 1 Broyghy &1§p‘é{§fgﬁl “a5ie or
bel ow {he | : R 85 L £ HisibABER: dihawe in Figure 3, a
convexiés]phgﬁ:g%r{lﬁlg&}t a?:cgln%Zaoorl%?{nforrr(lgalr 3n t he ﬁ/g er carrier 422. The convex
spherical surfaFfgue@ hsaside eladiios ckss fsectioml pawB-Bluraght the Rafec satrer of
t he wafer 414 on the wafer-pad int erffa_ce 416, From the sane point 418, a
concave spHEEhYRIM difppsgetn gAn PPl Fotaion ok the sPIJIE- on a lower part 426 of

the driving spi 0ul.d Rl and radius
R2 can alternat MJ&ESE e @E&EE&& :

potft wet er 414

L . 251 o X
above the wafer-pag, L&T {AGEI8: @grﬁgzgggg@@gp@ it Rfe! MCHiAERIARE.

dependi ng on deSign requirenents. convex spheri cal

~sur f aces 42Qrabnttiffertidhgirovidey & arivé 231808 cupeha peaavetosqlrearidcadial furckac e 424

of the lower part 426 of the drive spindle 412 is a drive cugw428. Th
drive cup 4@esmisteddparveafesbainghpolifhapearrt avitrstanding thas tbapkng ghie WHReRIEY)

-surface 430 o :‘bﬁr?a dicétlfi d)e~ 308y (\ngt\égxax?sljtofrroﬁﬂ £ réfcﬁllgz&('g{iﬁgﬁsginﬁé qh hadi us

R2. Fornmed"™. nvex outer erical surtace Ive cup 428

are two verplieank Yde3righan) gaingdoss opediffcd deaiel abetdet Yoiilclin arderswparavided aby
about 180 degrees around the circunference of the drive cup 428. Two drive
keys 446 atkpraugh ssdesstandjng obfthe peesentvipyentiopudp will epapparggt 1howeyen 30 Bficave

spherigal surface. 424 aof the | ower ction . e AR i..neil .
The dr ?@e R 841216%1661%813&@6&?8&%1 nlvﬁﬁt%on[ rﬁgy g%?fagtl éfg&'gﬁéfhzfﬁﬁég# %?l h‘g t@%slgve
cup 428, rapReRd UMaIlY, If &hbl MB@AEds, WOl KH6wn Phstesd Qb Hede nebbeehddbsarited ianger
than the drive keys 446 and 448 to accomodate tilting novenent between the

| ower por t idetaildg@rdsf nphe whnegassBily physutectha preseiidnyantionly i ve cup 428. Figure
4 is side elevation gross.sectional vi.ew B-B through the waf .
mechani sm 400 i :‘Ft’%”rrgéclﬁiansdmﬁﬁéﬁcgscz’ﬁmﬁbf g_lagfan? 8?3’””' ?{né)lfq B ?‘Q%ng%}l%cg%ﬁ%g in
Figure 3, ifiamRosidh @aPpRent Hodccblagnd@shith ohe éMbaiiment ¢ifthé PrRséht inveRdon.
spindle shown in Figure 4°is an ideal situation wherein the axis of
rotati @1 i sAcshionm i Figussi 1,HCMP sysenp20bsradfized shrasive CMEP system, so designated
because the preparation surface is an endless fixed abrasive material belt 450. Fixed
abrasive material belt 450 is mounted on two drums 212, which drive the belt in a
rotational motion in the direction indicated by arrows 214,
Wafer 414 is mounted on wafer carrier mechanism 400, which is rotated in

30 direction 206. To carry out a planarization process, rotating wafer 414 is applied against

the rotating fixed abrasive material belt 450 with a force F. As is well known to those



10 wafer, through the center of the wafer. As shown in Figure 4, two
vertically elongated slots 434 and 436 are formed in the concave inner
spheri calwéggﬁ,gﬁ@ 430 of the drive cup 428. Simlar to sl gig/ygshiaasd 444,
slots 434 and 436 are separated by about 180 degrees around the
circunference of the drive cup 428. Two drive keys 438 and 440 extend out
of the convex spherical 15 surface 420 of the wafer carrier 422. The drive
keys 438 agkillcd@n aké edit] ihet fortdh & ehynyat edied| ot meéB4hankimédds of pdrgcwlai ve
cup 428, respectively, to transmt torque. Further, the drive keys 438 and
440 are sppleratizaton progessaegPiated Povrhichds dispessd belpyy W%{%ﬁéﬁlﬂﬁaé% Lt he

axis of sy try..of th rive . . 0 ; are
.longer t ha%ﬁ@g‘&lrzm e%gasa “ﬁé’é&g@efﬁﬁBdt@@ﬁg%caé‘myﬁﬂ eﬁét?ﬁtﬂﬁgwgpréﬁtﬁ " 20
bet ween t hggipales figd sbradivé AdtcRiaibdINes o the/@p6tapie Seatfidly anivaee a us kotivatdre
enbodi nents of the present invention can be configured such that the

spheri cal @hapécrendplomlerfeatines tof fiked habrasivef anatergdobelt 439e | Winkar pririer 426
of the drive spindle 412 apd suyrface 424. of. t he fer carfier. assuf.e.that
Che. wat o WeahARL (40P i soneugt b Tk fishificant potBethn bt HisReRHifid
waf er - pad jifed QCExEHL Boradile TideerfiX belt ABO Wy l@&:}iﬁ‘@ie@ﬁb a1he vewefer 414, 4d WilB

| i es above or below the wafer-pad interface 416, forces are ﬁgﬂ;rgnerated t hat
push one seqgilainedin hivee dethdrbelid Thug wiea tholtopdgranhiqpiedtueOohweier did @yl y
than the dianetrically opposite sector of .the wafer 4

: 14 is pushed, ..
resul ting PHNEHEEsMERbHRE R FERAIRINE FARPELMN fRERES [ HICHVAL %F SUERFTPHEAS i on
al | ow {hes CES¢: - i Aahed, b ' t@bws I N a
cont rowled&r?guﬁélseﬁl%&p%ga ﬁgégﬁg% glsiﬁérue{ﬂigdr?eégﬁtr.c&gtb Al tﬁgﬁghﬁtﬁ!ﬁzgﬁrg%e%%i Sng
invention Basnkeen netes cridée dofl magninwledehaety pooviding pbs eSMIPF prcessi withodn
understanding, it wil| be apparent that certain changes and nodifications
my WD 1agtomatio stoppinpchpiacensticimeiopred do Bergi asc 8eIWOPRINS t he scope of the
appended cl ai ms... Accaor di ngl. i Lder ed
2o 1 st r ati VP nof® PoalpseifByShBaE aRIRE Rl miiinish, by WAL 0,
to the det gidigidti Mabahpsiat rivd)in advyanee wittliahiegtbodinidnt of tHeepreseapimventibn.
equi val ents of the appended clainms. 5 What is clained is: = WO (1211)2271
10 O alfs BCoreSIbdIE?D the paojpeted gbmbal ngintishivepsiandriver isolatiay spdngisposed

' i sing: .a. spindl bl e, of |y _ i i
concave oo e e RRRE Faf hed PR hufleh SRR hdlf A BCrdgy 1 @
wafer carr igghs e as 8 W B Beid polished. NTRe & 156MB6n Ba bf M8 peésehthiavanionds e,

the wafer carrier having a convex spherical surface formed on a surface
opposi t e t hepabtmeftrenssptig leatorguer fralcaxidffordedoghe Mfes; nos ndthstandingdhat the

di sposed between the indle and the wafer.carr.i h RV .havi ng
a concave P SP?%‘V%{EE% na?ﬁ%wgﬁy B?}PS?dl%lﬂ?Iftggfée, a’\%gfr golténuot%hog% élg\élngup
al | owsghe sp\ﬁgg afcBhy LREndidh, B Wifef @drigbout a predefined ginmbal point. 2. A
projected g al point drive systemas recited in claim1, wherein the

gi mbal poi nt i s Asodiatussedin greaientdetaflastibsdowenitse tha gparnéteah oh ghepdidveaisglagion
surface of a wafer 15 held the wafer carrier. 3. A prpjected gi.nb

poi nt dri vEURyS 8 é@t ﬁhéc‘?’ﬁfg%miaﬁ til4 19 4Ry ([IreGH QY Q?W%tah%ng)@%%@% Eo&a%fl olngtlhe

| ocat ed bel, |6 BE SohSl 74 (RO birBith R0 (ARG Pis BHlb RS, an
wafer held %?%eﬁe\?\&l/a%r o Prlﬁg?r@ﬁ%aoa 4. A projected %i nmbal p_oi.rglﬁﬁ)gri ve
system as nigisirha@nhei, rentoalimerits ofitier piesent ieveglinbale gapable dfsaviosing wodasisable an
interface between a polishing pad and a surface of a wafer. held t he

waf er @ar r if@gees b@nS?PmleﬁrRﬁf%@décd‘?%it 9 WHGE At P]\?ecag%%t@rﬁoﬁélqgetgfgtgggbqln
claim1l, I I cup includes a first set of elongated slots

| ocat ed i%?!}nglrggﬁ\g/glfg%ﬁi surface of the drive cup. 6. A projected ginbal
poi nt drive systrguas3 esideedevation|aosn Setibnat tier B0\ coopgh shenyaterfdarsyr set
‘of drive keys extendi ng out of the concave spheric surfacﬂesgulé Egnotcd

I
spi ndl e. mechanism 400 intersecting along an axis of rotation of tﬁe spindle.
that the axis of rotation of the driving spindle shown in Figure 3 is an ideal situation
30  wherein the axis of rotation is coinciding with a line perpendicular to the wafer, through

the center of the wafer.



~ Wwherei

WO 02/02271 11 PCT/US01/ 41232 7. A projected ginbal point drive system as

recited in claim6, wherein the first set of drive keys extend into the
first setwofp2ebots in the drive cup. 5 8. A projected gi mMzahupaisniz2drive
systemas recited in claiml1, wherein the drive cup includes a second set
of elongated slots located in the concave inner surface of the drive cup.
9. A projected ginbal point drive systemas recited in claim8, further 10
conprising a setinovagetcapderdnéchenismy40(eiichwlds ngowat perft 426eofctbespindiphty i cal
surface of the wafer can-ier. 10. A.proje d _ginmbal point drive system as
eci ted i eI WHFEaFr4Ad Vi Sol CUa a2t TG, YR e B ST ARER (he
second set gl jofGus a9t Bfive REysUd/snc iy, diSuldba ApH Gieghal (POI Nt
drive cup, rcoSrrpr|tos(|'ellr11gj:a a efi rgt gyest of ecfong’at e(‘il sl otspf{q%%gl?}teg&lhn eglgé%onvex
out er sur fEigereof. Alpelishinhg belcdf), dimpdsea ebootin waer cfrriel 492 &t wsdd & pdlshitic at ed

in a caoncave,inner_ surface of the drive cup, wherein the drive cup allows a
waf or ar rHUEFAC ST R (raETedl b BBRAE & PYIEdROPTRed i PRSAITQRoith drize spmdleptl2

proj ected gi. ' [ recl [ | & ' it.St
et of - dri PiRes R8P il hn iR Bhed GRbkEle uE Sflly bt S DA
extend i nt etpblsHing pad 450, of slots in the drive cup. 25 13. A projected

gi nbal point drive cup as recited in claim12, wherein a second set of
drive keys extehuspite eluefferts o adbirvepestspletlignamens 4 tine 5 fperpradigatasto dbg ri er
extend intg the.second set of .slots.of t drive cup. 14. A.proj.ected
gimbal poi Nereamgn i FopCtsife San ertale) G3hY G Rrmifion HFPEIRSER s o
sl ot s @PNP4i% eSTHeVenDoBMEEN L Af ThOtptesent Wiehdd/287 2 hzebdsPCIlcbiRRldddd28ds 15.
A projected ginbal point drive cup as recited in claim 14, wherein the two
el ongat ed ®iselignpent; hEo fthip $ndstbe epibodiraends af ehesprgsand tivventipn donsta theggafer

ot dr VAL 4k of el il P Ebaind 8PS 4 em adien BBl R

conpri ses a0 PAOQGR1CABbuss abolt 2NiRe @ae UHeS DnOinEDRAfeRPAN intBFActed P IAS
recited in claim16, wherein the two el ongated slots of the second set of

sl ot s are sdhbomsenicrntalonntd80 Idege tesvaentiddattsheh dDelevatoanther avyddting t he
drive cup. 18. A _projected ginbal point drive cup as recjited in claim17,
B h@f1 e gferiet Tagm @ R9FILion petpepdigylanio, saPmﬁlaer?éfSy‘f%%@qce@sabaP% BE an

axis of sy g%& P%?”%}“S i gv\c’u;‘er-gﬁﬁ’_irft&%@gtig}:%hgﬁ’fﬁﬁgedsQéovgforedemgﬁkﬁﬂte?ﬂa@é S:

15 19. A net rrvin rojecte al “poi nt system conprising the

. oper at i onsby# prepsedacteti distaacespi ndl e capabl e of applying a torque, the

spi ndl e having a concave spherical surface formed on _a. |lgwer portion of the
spi ndl e; As shown in Figure 3, a convex spherical surface 420 is formed on the wafer

carrier 422, The convex spherical surface 420 has a radius R; from a point 418 at the

20  center of the wafer 414 on the wafer-pad interface 416. From the same point 418, a
concave spherical surface 424 of radius R; is formed on a lower part 426 of the driving
spindle 412. It should be noted that the radius R; and radius R; can alternatively extend
from a point at the center of the wafer 414 above the wafer-pad interface 416, or below
the wafer-pad interface 416, depending on design requirements.

25 Disposed between the convex spherical surface 420 of the wafer carrier 422 and
the concave spherical surface 424 of the lower part 426 of the drive spindle 412 is a drive
cup 428. The drive cup 428 is generally ring-shaped and has a concave inner spherical
surface 430 of radius R and a convex outer spherical surface 432 of radius R;. Formed
in the convex outer spherical surface 432 of the drive cup 428 are two vertically

30 elongated slots 442 and 444, which are separated by about 180 degrees around the
circumference of the drive cup 428. Two drive keys 446 and 448 extend out of the



20 disposing a wafer carrier partially within the |ower portion of the

spi ndl e, the wafer cancer having a convex spherical surface fornmed on a
surface qpeasviesthe concave spherical surface of the spi rditaysoancszoupl i ng
the spindle to the wafer carrier using a drive cup di sposed between the
spindle and the wafer carrier, the driveg cup having a concave inner surface
and a convex 25 outer surface, wherein the drive cup allows the wafer
carrier taoheavei dphedcaborfacadt efiéfe o gortimal 43pohthe ddve spindleHdd. abhe
recited in claim19, wherein the g

between a dsiei kawsnddpaadafip gxg]qifxia&%}lﬁ E]gtswgﬁ ranﬂgﬁfg‘{ 6’3 t?.ﬁ e&\{/‘?ﬁlf nterhgee
e R Aot TR AN R A et o

oi N | oC n I nterface between a

pol i shi ng Radeng &c@ﬂﬁﬁ&ﬁ& @ﬁmg Hefepdenh Bbitveby tlﬁehmvv\ﬁfpﬂm@‘anﬁ@bf e &2ve A
method as recited in claim19, wherein the ginbal point is | ocated above an

interfdce stpmd.leéh-alqo@md@rvcﬁgpﬁ% and a surface of a wafer held by the
vvaf er carrier. Flgure 4 is @de € evéat‘x)lh cAngsEséAétlonﬁ v1e&Yb B h?o%gﬁ‘ e Aaflr GdhiefYL
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only about an axis that lies in the plane of the wafer-pad interface 416. If the axis about
25  which the wafer 414 tilts lies above or below the wafer-pad interface 416, forces are
generated that push one sector of the wafer 414 into the polishing pad 450 more strongly
than the diametrically opposite sector of the wafer 414 is pushed, resulting in undesirable
effects. The embodiments of the present invention allow these forces to be reduced,
eliminated, or employed deliberately in a controlled manner to produce a desired result.
30 Although the foregoing invention has been described in some detail for purposes

of clarity of understanding, it will be apparent that certain changes and modifications may



3"L10% ()-9ys10%&' ()-+ GJEnbCF 3109 109%& ()-Y
Y3109%& () - F10%&' ()- @$109%& ()- L"10%& ()- #10%& ()- M/4dEnbCF
310%@ * $30&2 /037y (| 10%& () - @ $10%& ()- "109%& ()- @ $10%EchyudoiQnas: () -

i @BAE: / 10 10910%&' ()- SF7" $10%&' ()- 5! 109& ()- 3! 10%& () -

S23109%& () - OMLOY%& () - BCRTcxY7/ 10'1F (1p% ()-1 "10%& ()-F 310%& ()-
3"L10% ()-9ys10%&' ()-109& ()- 105?aB7/ 10!|

"10%&' () - !H)e@fﬁddﬁfm (W}tl‘hilOﬁY& 6dope Yofi@tie0 Wgperided yalainB®' Ajcordibglyg, the pRchedEW
10! -310% () ; 10%& 10%& ﬁ s$109&! 1098’ ( ﬁl\ﬂslow
*5A27/ 10150 48 USSR §1“°F€P2 cHiyeatd the 1nved

B et

Yf: 109%& ( )chwalcnts of the appended claims.

5 _What is claimed is:
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a spindle capable of applying a torque, the spindle having a concave spherical
5  surface formed on a lower portion of the spindle;

a wafer carrier disposed partially within the lower portion of the spindle, the wafer
carrier having a convex spherical surface formed on a surface opposite the concave
spherical surface of the spindle; and

a drive cup disposed between the spindle and the wafer carrier, the drive cup

10  having a concave inner surface and a convex outer surface, wherein the drive cup allows

the wafer carrier to be tilted about a predefined gimbal point.

2. A projected gimbal point drive system as recited in claim 1, wherein the
gimbal point is located on an interface between a polishing pad and a surface of a wafer

15  held by the wafer carrier.

3. A projected gimbal point drive system as recited in claim 1, wherein the
gimbal point is located below an interface between a polishing pad and a surface of a

wafer held by the wafer carrier.

20
4. A projected gimbal point drive system as recited in claim 1, wherein the
gimbal point is located above an interface between a polishing pad and a surface of a
wafer held by the wafer carrier.
25 5. A projected gimbal point drive system as recited in claim 1, wherein the

drive cup includes a first set of elongated slots located in the convex outer surface of the

drive cup.

6. A projected gimbal point drive system as recited in claim 5, further
30 comprising a first set of drive keys extending out of the concave spherical surface of the

spindle.
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5 8. A projected gimbal point drive system as recited in claim 1, wherein the
drive cup includes a second set of elongated slots located in the concave inner surface of

the drive cup.

9. A projected gimbal point drive system as recited in claim 8, further
10  comprising a second set of drive keys extending out of the convex spherical surface of the

wafer carrier.

10. A projected gimbal point drive system as recited in claim 9, wherein the
second set of drive keys extend into the second set of drive slots of the drive cup.
15
11. A projected gimbal point drive cup, comprising:
a first set of elongated slots located in a convex outer surface of the drive cup; and
a second set of elongated slots located in a concave inner surface of the drive cup,
wherein the drive cup allows a wafer carrier to be tilted about a predefined gimbal point.
20
12. A projected gimbal point drive cup as recited in claim 11, wherein a first
set of drive keys extending out of a concave spherical surface of a spindle extend into the

first set of slots in the drive cup.

25 13. A projected gimbal point drive cup as recited in claim 12, wherein a
second set of drive keys extending out of a convex spherical surface of the wafer carrier

extend into the second set of slots of the drive cup.

14. A projected gimbal point drive cup as recited in claim 13, wherein the first

30  set of slots comprises two elongated slots.
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17. A projected gimbal point drive cup as recited in claim 16, wherein the two
elongated slots of the second set of slots are separated by about 180 degrees around the

10  circumference of the drive cup.

18. A projected gimbal point drive cup as recited in claim 17, wherein the first
set of slots are located about ninety degrees around an axis of symmetry of the drive cup

from the second set of elongated slots.

15
19. A method for driving a projected gimbal point system, comprising the
operations of:
providing a spindle capable of applying a torque, the spindle having a concave
spherical surface formed on a lower portion of the spindle;
20 disposing a wafer carrier partially within the lower portion of the spindle, the

wafer carrier having a convex spherical surface formed on a surface opposite the concave
spherical surface of the spindle; and

coupling the spindle to the wafer carrier using a drive cup disposed between the

spindle and the wafer carrier, the drive cup having a concave inner surface and a convex

25  outer surface, wherein the drive cup allows the wafer carrier to be tilted about a

predefined gimbal point.

20. A method as recited in claim 19, wherein the gimbal point is located on an

interface between a polishing pad and a surface of a wafer held by the wafer carrier.

30



., F10%&' ()-Z3 , F10%V&' ()-Z109%& ()-VY109%&' ()-F 9310%& ()-|\\\*]Q]]dErS4
10!,10 "109& ()-,/s$10%& ()- |+ 109& ()-1& "109& ()- Y

(310%&' ()WEIHRIE) -] +AAAANAAESA 10 "L10%& () - 10%& () - 10%&T{0s01/42310

10! N5s$10%& ()-!! Y2GL0%& ()-4" u__ “d aBrS4 10 "LF 310%& ()-Ys109%&' ()-y
$109%&' ()- !+3Y 109%&' ()-ZY "10%& ()-3 Flg;é&' ()-d " laaaadEr S4 10

"L, 1098 ()-12z10%& ()-1& "10%&' ()-F | F10%& () -

109& () - Yf 3" 109&. () - Aainkthold Emdiecdd 110 cldim( 19, 10BRein) the o] ppint 380ldad () - F
y#F10%& ()-1!-10% ()-Y, 310%&' ()- EckccdkddddErS4 1Q "LY.

4GL0%&! () -beéowmntqfas:v b@m-a(laql@ﬁng PI9@ng)a wdsagwg&- y3fer geld by the wafer
109&' () - d+ ngéeOele>eAePebC 10 "L "L10%&' ()-109%& ()-s10% ()- 10 10
~10@ 10%&' (‘%— 109%& () - Peeef fbC 10 "L "L10%& ()-109%&' ()-Ys3: 10%& ()-'y
#109&' ()-Y 109%& ()-!F "10%& ()- Normal" "Heading 13]c" "Heading 23]c"
"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c¢" "Heading 73]c"
. "Headi g 83] c" Zq.badAﬁgetgg% as 1gcitgyhim-glaim N@@ye@pﬁtz gimbal point is located above

'[:EQE]VE‘;]: ij %ﬁ%g P%@g%ﬁ@é%g%ﬁﬁé%%%gaw of a wafer held by the wafer carrier.

<>?BEFI LNP. RSWKZ| \ ] d” aEcdPef KLMNOPQRSTUVWKYZ[\ ] ~_" abcdef ghi j kl mopqr st uvwx
yz{| }6Ti mes New RomanAri al Couri er New'h Root EntryWrdDocunentl

" #$UR' ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~




