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;e3defl cl @6TI AK 3WD 02/ U2276 PCT/ US01/ 41232 1 PRQIECTED A MBAL PO NT DRI VE
BACKGROUND OF THE INVENTION 5 1. Field of the Invention This invention
rel at es geoepsmaidry to sem conductor wafer polishing, and neca/ddi/41232
particularly to drive mechanisnms for ginbal projection systens in a wafer
polishing environment. 2. Description ofithe related art 1In the
fabrication of sem conductor devices, there is a need to perform Chem ca
15 20 25 30 Mechani caPROJEQTED GPMBAT. #O0INT DRIVE ng pol i shing,
buffing and wafer cleaning. Typically, integrated circuit devices are in
the formof nufti-level structures. At the substrate |evel, transistor
devi ces having diffusion regions are fornmed. |In subsequent |evels,

i nterconnect nmetallization |lines are patterned and electrically connected

to the transistor devices iﬁ(ﬁ?(fikﬁﬁﬁlfﬁh‘eﬂ ,iﬁﬂE%(S_&inonal devi ce.

Pat t erned conductive | ayerS—afe—+HStHot —-or-g+Her—conducti ve | ayers by

dielectgic j ; s silicon dioxide. As nore netallization |evels
gicq {Tgfgi’%{ugt{hg I{\?élﬁ P

and associ @ ctric layers are formed, the need to planarize the

di el ectric nmat eThial invémtionastses Pendpaliyt tglsamiondwdtoro wafdrapslishiigl, @nd ohore
additional netallizatjon |ayers becones substantially nore difficult due to
t he hi gherPartieulaily émgirive meehagisarsalos gimpealgpiiasiion |systemsdn &pyaferc pelishing,
metal | i zatén%()h' g patterns are formed in the dielectric material, and then
nmetal CMP oOperations are perforned to renove exces ; g on. Further
applications include planarization of dielectric fl‘“\m‘\\m mmm d prior to
the netallization process, such as dielectrics used'Tor shallow trench

i sol atl®bn %r Dessriptionyofithe Related Arbiti on. In the CVP procEss, the ginbal

poi nt of a CWP substrate.carnet s ritical elenent. The substrate
Carrier must ol PORepakrros o Srwofaflol debfP g Fe meed [ pSHRL Getica

uni form pix@Bl@e[nid%@Pbﬁ&lﬁ@(@lﬂ?vbﬁe?atid&ﬁ!‘iiﬁc%gsp&%ihg,tlﬁxfﬁﬁg hhEWafes dleh@ng! ¥
avai l abl e yield wafers having anomalies in planarity. The vertical helght

of the pi v%ypimjlyntintamtbé aitpuitpddvicehiangy i dhe fmm pE mailiédeviehptmetares, At thee t he
greater the_hei

t, the | th that i.s induced gbaut the pivot
poi nt - dur | HSGHE & B TP Rl ot ABt A eed MHaEYs 7o

.2 PCT/ iﬁplfeyé},z%rhéhngﬂshe%a‘fﬁ@{) ﬁfenep%%'ée ?Qﬂtﬁﬂe@@ﬁ@re?écﬂﬁ%ﬁ?/acro‘ﬁnected to the

under pol i shing of the center o wa and the tnabilfty to adjust the
control of travsistor desliges exddfinsitbndessrep fumtiosal\davicab Peterotthogeluctrar lagera el e,

.Substrate carriers used on many avail ahl e CVP nachi nes, experi ence. a
phenormenoni®RH8RA o piher condugl °'1ﬁ256§%{’lﬁa\?fer‘f§}"°. MEGHRIS UG 5 g’E‘F%“’E‘W@ Head

reacts to -L.shin r L 3 i nt,
b oh T BT B R b o e
above. Thi planmivenbe dialesers matprisldsereasedi f f erential al ong the direction of
nmoti on_of the h a&.‘? The result of the pressure differential is the
format?bn of a §\{1 gt pipngEvaions fabrcatipe efc addidenal rpetalization dayers deeomese

waf er and I - i : 0 whi.ch is
at the | eaﬁﬁﬁtg""ﬁ%@i’\é’ge gjf-fht&ﬂg%lsl%E‘Bs]tﬂ?eaﬁ%ﬂ%gfﬁ%r%?gﬁg?rbee%%r%rf%gp}%éépgg ' fiélst er

and to a gothat spplidederee nickdlizdiiog lnenjaermfaré Hernwaf iarthe Tidedtbomyadriddf and
material on the wafer is related to the chem cal action of the slurry. As
slurry is theaueeiah QIPversiations af Refosmgd t RereaIsva sexress Mptallizationa diugther he

cxhaust cd. SELERRE oApaP plab N of i SR Bk BlioP e B eIIRERTE

edge 025 t hgrogesdsiuchtae deBctids used for shallow trench isolation or for poly-metal insulation.

In the CMP process, the gimbal point of a CMP substrate carrier is a critical
element. The substrate carrier must align itself to the polish surface precisely to insure
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

AN

*GOoooo1*



(i.e., the center of the wafer) experiences a dimnished rate of chem cal
renoval when conpared with the chemcal action at the | eading edge of the
substrat ewoanibe (i.e., the edge of the wafer), due to tlgemismaisgbed
activity of the chemcals in the slurry when it reaches the center of the
wafer. 20 Apart fromattenpts to reshapeythe crown of the substrate
carrier, other attenpts have been nmade to inprove the aforenentioned

pr obl em coRtos GYF wakse palishingyapparaiuses georndstnoliships 1of Abecendgrrofdhe wagar,

ginbals th . I . in he. t. of 1he substrate carrier
i 7abl o monih 8 ieIhdh Enah Ol of Vet SBaeralolPa S Bhaseft Ffihlet e
substrate carri Bpr &enfllé sabstahtcStanidh LSRN dn mBRNavalEBle ENP 3Rinks eXpeidfice
surface of the polishing pad. 25 Thus, the frictional forces, acting at the
sur f ace of aphenguudnos kinnynpmthe atas tosodiyng' hDering polishing, the hene ataetstthéhe

Furt her, the need for torsional drive

desi bl Af8]s ) , \
eCe i vy BolRh e lias i atsicn HIYE cFRata oA s G HeG St th ety SoflRRAER ¢ he

"nose di vi Bg'th&hbRAt of lthe RAADA BHiR! mhBbAN 8bMNeNThi mBmeRt Rilsedia" ficlsufll | Ve
means causes a force nonent above the wafer that again 30 causes " nose

di vi ng. " Miiffeoardia] adorigv ¢hepidivectame of matinnc of ahe bwed| dbh, resilnoé the ppmssueeds
to be free.ip a hole tq allow pivoting. 2/ 02276 3 PCIT/ US01/ 41232 |n
view of thifaeabisiye Tomationick agt Vove & ng hamicanwaY e HgHaEH Rk
that is ca YA for: W | r ig
im0 the. on Raer g A BebE. Fhis thicegitle GRUR IR yhaf, YA B Teadhy 0
dri venl@ ot adgeosfaght wuygtatestdrtibr, 16 Bedonieopelishedvidsesi andne al grgeeddgrad thih €he
rotational axis with the contact surface of the wafer being 5 driven.
SUMVARY OFcertgr of fyemafietN Broadl y speaki ng, the present invention fills

t hese needs by vi di Y | 1 h ermits [ nd i al
force to be t raﬁ‘é%r{arﬂggaqtcg %E{ﬁ/}é&erggg‘g‘?awgﬁ%&% Hgﬁtee@ tonn%l% cv#&’h%?%ﬁ@?nn&?? fat

the plane glriyh@swahey isigdiictedobetieere XaC vaser R@H PGB dibgdshar paDahd rddos, e s of
rotation of the driving spindle. Thus, the drive nechanismallows the wafer

to tilt abelpmigalgiresnansiplsi for ewextlef Ba wifer sueariat @rasfually deopmne exhaugtedne

proj eciea JrmaRe IR Er o FRr wpBPlal it ifuchE @ hingdcE BEHREE Y Sy ng

a torque, @nd therdehRf ohaW Wafed) SPREBYRs ANBHEMISIRId S bRERNLISA BRPAN Whén
| ower portion. Also included is a wafer carrier disposed 15 partially

- Wi t hi n t hecoropaed yatht therchemiaah ectspi cthe leafiing edgeaf thasubstmtencsrier (¢on vl

spherical surf f or.med, on a, syrf.ac oSi t he, concave spherical .
e br St SteBe el gt g dnf HiraA R BARGY & e FusROR 48 i Rky Sen it
di sposed belweannt bsiisiirigl ga@pd the wafer carrier. The drive cup has a

concave i nner surface and a convex outer surface, and all ows the wafer
carrie20to be tiApagdrabetitmptspp edwhpn e gownledithesibstrate Thiriegi otherl atisoiptd can

be 20 | ocated on an jnterface between a.polishing pad and a surface of a
waf or ol dhgyF Bita ek TrieahE aiPRRBicner IR RS BR R Deshdnge” B a

i nt enti onalkk iy [RIVAN oY M N Lo

interface Eié%frw&eIg?l%aSﬁgtgl IS éi%r‘%léat a &gﬂgﬁ{g@%u% ?12%59%%13 g\é \%\g[?lgrt&ﬂ%i? E?Eggb%ttﬁée

waf er cancearrief, stblermamnerits a@rpehbeteddrbade thendffect v gimpbet peidt of thoahbgimtent
drive cup is disclosed. The 25 proj Ethﬁd gi npal BOi nt_dri vTehﬁcuq, i ncludes a
first set G¥UET GHgStER SRBEGANtoRAR-BLO; HSIANGENQBKNG FPERCesfy g ROUSPINE AR | ve
cup, apd a ngadt: t Ly @ { A face
o oo waegne riRtordl kR UBhAAC ' kel Bt Bl pENBIORAEE: RS W £°2
pr edef i neddgtambato @eatathe uhdbsirable mements. dri ve keys extendi ng out of a
concave spheri c%l

urther, the need for torsional drives that connect the gimbal to the driving spindie
have proved unsuccessful in reducing the “nose diving” 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.



surface of a spindle can be used to extend into the first set of slots in
the drive cup. 30 Simlarly, a second set of drive keys extending out of a
convex spiyerda®adigsurface of the wafer carrier can extend ipgmguéiaisecond
set of slots of the drive cup. Optionally, the first WO 02/ 02276 4

PCT/ US01/ 41232 set of slots can conpriseztwo elongated slots) which are
separated by about 18Q degrees around the circunference of the drive cup.
Simlarly, the bevigidolsthe ferfegeing: therealn acanegiips e gimbal dlasedytorson diive that whi ch

al so are se about . 180, degr ees ou the circunt ce of the
i e cup. AP RnEr aYing 3 Vhief SuwpiraEhentbe Hien @eef el Al indh 3 S theia s
degrees ar gyl paRX I TheQfrive¥ABBE aMoRfthd Wafedtd NEASWR rBfa%hﬁnﬁyé 8GR oBRy Of
el ongated slots.” A nethod for driving a projected ginbal point systemis

di scl os ed altowa fénunanhaignerebodi tive motabénal heis pridstatcontaviesntfiace of the spiferddeing s
provi de at is capable of apply a torque. The spindle includes a concave

*spheri I H¥¥¥ace fornmed on a | ower portlon of 10 the spindle. Al so, a

wafer carrier is disposed pa
spi ndl e. The Wafer carrler i e surface forned on a
surface opposit g} Pr%%érﬁ%vér%ﬁafﬂ‘?s Blesd 'ﬂ@ed%%;ﬂg I%% apyddl e
is then coupled to e vvafé?r carrier using a drive cup di's osed1 et ween t he
spindl e anmet:lrmnsmfthat pamitsetarquis andaxial fotre tir be erangmittarc kol de water Caigv e
i nner surface and a cqnvex, outer surfacgg] and, 15 allows the wafer carrier

to be tiltBeHESOLVIpsEAmERa Bt RFRPF OpBienYalerrmighl nabls s Perpspdipdar
| ocat eg, O”toafﬂe fsetfffrélt%ﬁoxpggf;@%v@g%gldd?{' ﬂ%sﬁ@g dﬁ%g n?ecﬁéﬁlélﬂ%ﬁo% %H% water

hel d by the wafer earner be Intentionally

| ocat ed abavdltabotieh gitb oimtlecdicaren et swefaoe af mﬂ wsﬂm ngn mel eaiddigncyrd ace
of the wafer held by the wafer carrier as desired. 20 Advant ageously, the
enbodi nent Braggetach girphad poit dniNee pystesm i ghiscipsed onflheyaraierted) gimbal spointh

spheri cal C r|C| ur f o] e.lo r f the
chive spi not Ll i8R LNE' Grit B apbBuft b (e dnd Rt Wil Aot

tilt only ghucalodhrRyé &ﬁﬂ&ﬂbn'1tsﬂ%WeﬂFé@1@nP|@@@1r@iudest Wa AFEr dadiger! didRkédCe.
If the axis about which the wafer tilts |lies above or bel ow the wafer-pad

AT @; portlon of the

i nterf &% e, pantiely withirethg derseranostipr ¢fthe ppindleodbe swfargarrisk hahecmﬁfewépleqric'ra to

the botor " paeRIRTE! S0 3 1R YohodR the FoRidE Sopda] areRRthE Saife, o of

-the presengdditiy,entdiRB bl QVnélhese tlfa@ 1§ Qi%pbébdbgetﬁv@&il @R spillle Aridaihe dwaf@f

enpl oyed deliberately in a control I ed manner to produce a desired result.
O her  aspecarsieanbheadiventupdes agbneave inney ewrfice randvalcbn‘{ﬁecmx’m sapfpes; end allowsn t he

foll d d Kk i.th th
accompanyi 1§ BiseHge: & bd LR 20§ Bordliad armal e et BPebERpI €0 B9 ¢ ne
| et b0 Jocal@ AAARRTG R HERRIRETHI M Ot AR FET S0k 1232

The invention, together wth furt vant ages thereof, may beSt be
under st ood ciugner eFertherc thet gimbhkepdiot tavwxbmmtdﬁmuali)placmnd tahmen( innsecdivjngiy br on

with the agcco i ng.dr.awi ngs. i n whic F| is a si ifi
schematic gP éﬁ%&ﬁ? the iate ﬂgq batyeeth2 APl H‘& |a(§HffS‘fﬂ %fﬁaa{"rprlfé[’?lgrd?y(tm)
systemin %@é} CHARE & ity one enbodi ment of t he present invention; Figure 2
is an illustration showng a wafer carrier nmechani smhaving a projected

gi nbal poi nt drilivenother embodident e prdjdvteingiemhad gioime rdrivefcuphis gisdswdt The

i tion; . : L . , ,
L nven bg n 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



Figure 3 is side elevation cross sectional view A-A through the wafer
earner 10 nmechanismintersecting along an axis of rotation of the spindle;
and Fi gurwodnioa2zsi de el evation cross sectional view B-B ths@ugdiis2waf er
carrier nechanismintersecting along an axis of rotation of the spindle.
DETAI LED DESCRI PTI ON OF THE PREFERRED ENBCDI MENTS An invention is disclosed
for a projected %i nbal point drive. To this end, the 15 present invention
provi des aSHraf ¢iots e¥) eAIPRIIsCINe Ylpraatgskylpls which ragr eeparatechRy about d8Balegisene

transmtte o ' I she W i that .t he pl ane of
the waf er %"Ejﬁ? %ﬁwcg{@fge}g{éct fge‘lbgli%eénh&' %@ﬁlﬁ’gﬁ% %gg%i(]%% oglsfofso‘iaon\tclggjﬁn_fﬁ t he
driving sptwéll @ondated RS, olvhRb Bigo @S CEdpatdta bynabdit OVS) Siepfdef | frothet ahé S
rare set forth in order to provide a thorough understandi ng of the present

i nvent i on. cirgumpferance ef thepdrrveraup. Fwibowthe fitt srief 3Biswdn beeldcatad ebeutainety hat

the present _invention may, be practiced w thout some or all of t e
“spec Pf i dg?gléf’f\f/ss*.lmi“?fp 8t ﬁg}s (%rfg' PH’E\%@S OPW\g: cfrwl?ur%%“ﬁr?fp&g% second sk oﬂ g@Bg?HBq
been descrijggd in detail in order not to unnecessarily obscure the present

invention. Figure 1 is a sinplified schematic di agram of an exenpl ary
chem cal nechaniAcalethpldafivadrivatg o prqj@Ne) goyistl goint rsystemoisddisalesediinhn further
enbodi ment of the present inventign. 25 As _shown iin Figure 1, CVP system
200 1 s ot PRoaGTEPRET TE b SRieai-s & SBE PRy s TREbIEaEFRPRt  on
surface is n Bl X } i ‘E"ﬁ%d i J

mat eri al bg? ﬁSgh?Eﬁlrl}%)r(\ltﬁ gga%yn@? \é\%&a’r u lgﬂf?zs‘}}%%l&g r |(§{e§t? ﬂxé@‘g%ﬁbé{ﬁfa
rotati phal theogpindie. Mlsdea diafer chirian is Wikposideshriigllyawithinsthe 1dweMpdreion b 4he s

nount ed on wafer carrier nmechani sm 400, which is rotated in 30 direction
206. To cafPPdisut The praderararsias inchidss G eavex rphetiGah gurfasceformed o1 agpsfared

el 1 known CPARY R b e PR St B aRs T SRS 1 o bR F T
force F mawale capidradideon deet chpdispossdbiawedn fhardpiild afd eawafer zZatrieONAs

processes. Platen 210, which is disposed below fixed abrasive material belt
450, st abi RPoVSs thendrivreryp Hislpdss gvoneayveaingey suifase and @eConnex OwsT cWieass and 414

may be,applj i.ng.. ixed.. i rial .belt 450, he I aphi c
Tontor SEPORNGES YA bkl 14 B uRPd 300 ARME R Pl noldly AL gt BLE

abrasi ve nmaiebé ddcaledldn ADfhteriAel ®Etvicdh fal WIlishRE AR a8 @adeFats of & WafdUieREiby O

pr event S|ng{n ficant activation of the mcro-replicated features of fixed

- abr asi ve nthicewpfer cguler. 48ptianallyethgi gitnbel geintt tam befinteatienallyl eatad appye or
expl ai ned in nore.det.ail bel ow. Thus en .t he topographi.c f ures o
waber a4 WSS S perprdy b ooluTie PR s SF SEE sy heTd bt uler
activate tbhgrelsd &6l i cated 10 features of fixed abrasive material belt
450. As a result, the material renoval rate slows by one or nore orders of
magni t Z@le, t her éislyaptpgaougiynieembodivrents ofcthe pregént linvention canbe ¢anfiguredsuely
characterigtic, referred.to herein as."self-stopping. ! Figure IS, an .
1T uat ot Bt QiR shabe 450 SpPoeBriciCHHoRT SRR b1 Ry o6 P of s Bave
gi mbal poi Bhindlel M sutfacAEE HedRieLcadibNadfre @AM WRAL Qb tilf‘@nl@raj%@tnén axis
invention. 15 In one enbodi nent, the projected ginbal point drive Is a
drive i sol #tat tins inupe phiine pb thedvafert-padnintenface. olfehe pos abomn whixth thé wafes piltadies,
which permts tor}g}ie nd axi al f,or]ge tg(gbe transm’téed to a wafer betj Eg
pol i shed. #RARYET RRIOW 4l Wt mad injerbace, HICs, &E @RRETRG St ipgAh pae seaforfdhi
transmpiti ; i wd Bl sl i at
the ol She oP R P nRIRe B Stork Bl Pyd e M LRER Sbrodl R ket
rot ati on ofwafdreisdpushedgresulting 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. Other aspects and advantages of the
invention will become apparent from the following detailed description, taken in
30  conjunction with the accompanying drawings, illustrating by way of example the

principles of the invention.



20 spindle, and by extension, the wafer carrier. As discussed in greater
detail subsequently, the geonetry of the drive isolation cup is such that
t he waf erwigaggobddst i1 n any direction about a ginbal point |Kegied @)t he
interface between the polishing pad and the surface of the wafer that is
bei ng polished. In this manner, enbodi negts of the present invention are
capabl e of avoi di ng undeS|rabIe 25 forces being applied perpendicular to
the wafer, which are cauBéUEEADESEBIRMN(DE’IQiEMAWINGS in other

| ocations. Figure 3 is side elevation cross sectional view A-A through the
waf er car r | er maeh amﬁeglﬁpnot@gﬁth@rewgbéwhﬂj aélvm@earthm@fs ngty hest be uadersipod he

spi ndl e. t rotati on of, t drivi

sspi ndl e sho Qfgwnld:e 3§ rt@e gc?l?osw 1§§ deE é’lu% @ﬁcé‘t Llnocnonélﬁlcv}ﬂ% rvg qlehﬁccg?ip?%'d?g
rotation i gr&@hgCindimieh:wi th a Ilne per pendi cul ar to the wafer, through t he
center of the wafer. WO 02/ 112271> 7 pct/us01/41232 The wafer carrier
mechani $m 400 i Kigumeléds a simoplifiedprghematibdiegratrhef anpéxedipdarg themimabmechanicah

waf er carrier 42 ive cup 428, Drive keys 446 and_448 are used, to
Cransm t + brauizitol G Tiee TR agiormsse 18 ofaSbetEnie Shthe dupeBLRIBAIoN i ¢ n
respect to Fi guigsde 2As RRileMalsn Bedving a0yarti SPRSCHQRLAN hiEnYaiHRs rier
422, is used toll:ggol I sh thé 5 gur face 1(1)]'1? the water 4%4 during a Cl@PJE)ér\tg((q:ess
I n oper at i gimbd peintidiive is peovidance $2happibedingent of theeresedt iaverniunyar d f or ce

to push the lower surface of the wafer 414 jnst th ol i h|n pad 450.
In spite of eff5%e SolSauflf Slrvatien ciass Sﬁqtloﬁaﬁv‘é Aa‘kl ﬁ?‘ﬁ‘g‘ p‘@? 6’éﬁ€ﬁ“€ﬁl ar

to the f othe axi s of
rotati (1)?1‘64§{chg%rﬂ§?ﬁ1er9§fé{:n eaﬁ%r%la%‘;dﬂ%ﬁg%ﬂ%%tlhﬁg ts o%\ ‘%he present

i nventi on advanFigyeodsisyside etovatotaiceost eionak alewg ByBnthrouph thei wafendarriche
enbodi nents of the present invention |ocate the wafer 414 at such an

el evati on PIFGRATASTY intprseqting Qﬁngt@@x‘&%ﬁféptawﬂlof%ﬁp@dbom tion perpendicul ar
to the spindle b ﬁgl on _the vvafer-pad
interface 416. |FAagertPaom et 8 g8 iy SMBODIMENIS: 414 at
such an el evati m

per pendi cul ar t%q’ %‘Qgﬁtl&n}dgl %h%&ée@g@gg ;ngogh{r%g °d ]{pé]iﬁ fl{r%ggt r@ﬁ% %aljisd e

_parall ¢ t@rdsélﬁ 1mnabnmdvmmaedﬁ%:ﬁo¥hﬂ16m cbplthas pmc& taift;m\éemaraxbaelf@*oe tdBe
interface . pre-sel ected di_stance. shown in %%ure 3, a convex

spheri cal gaﬁm&téd 1 p Wader pingepplished, met mmétanf&ag ﬁhaé theqplane qhise svperanight

he var or 3t PB R pRRp@ skl o anls, O aR O, ff ufind Yo, “HHRE
concave sphﬂrdvﬁag desEiRIon, %ﬁaee&usr aicife Betails afeomeﬂ)rmnmaoi&ma Ppavide4#26 of

the driving spindle 412. It should be noted that the radius R and radius
R2 can alt mmghvm%st@d@%af theowp@pnp@mwpuam thwilt éatappatght, thewevierf & ond 4

above e d ce 416. bel ow t he waf.er. interf
ependrig SOIERTPAS Sl ikt it Bl PReYRadHoliE soh St R SEAEHE .o
surface 42@p&ifid malwfmrotﬁ@rlﬁstmceéaaelarm@bwmﬁlo@éﬁa@eep@ ha PO a6t Kedh destrioas & 424
of the lower part 426 of the drive spindle 412 is a drive cup 428. The
drive cup dg®ﬂﬂ@0@bhémdpHmﬂﬂmﬁ@nbhdﬁewﬁéhﬁvmasﬂHﬂ@mhuave i nner spherlca
surface 430 of ter spherical .surface 432 of dIUS

o Pormea i o FESE i shiRife SRR e S Bl G BnRY ettt Dec e o

are two vepldn@tdtidn (CMP) system in accordance with one embodiment of the present invention.

25  As shown in Figure 1, CMP system 200 is a fixed abrasive CMP 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



30 elongated slots 442 and 444, which are separated by about 180 degrees
around the circunference of the drive cup 428. Two drive keys 446 and 448
extend outwoodybes WO 112/0227C 8 PCT/ US01/ 41232 concavep@pisiiiGed?
surface 424 of the |l ower portion 426 of the drive spindle 412. The drive
keys 446 and 448 extend into the slots 442 and 444 of the drive cup 428,
respectively, to transmt torque. The slots 442 and 444 are | onger than the
drive keysskilléd andthé48tt theadowemBdaaye bei Variedg toroneetethe  demtande roft paticolaer

portion 426 of .the drive 5 indle 412 and, the drive cup 428. Figure 4 is
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are forned_j he cpencave. i-nner, .spherica rface. 430 of. the drive..c 428.
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and 440 extend out of the convex spherical 1S surface 420 of the wafer

carrier 42gxplgined dn imose Ketpd bedgv.addug aphanxthe iopagnaphic fratieeopbwefed 44# ars 434
and 436 of {he.drive cup 428, r.espectivel to transmt torque. Further,
the drive E@?@Bﬁ’fﬁ% a%4’_6° é%mglﬁgg%ogé%%‘% fqﬁ%‘rﬁse_ %ggawr@%q@ﬁ@"ﬁpil%c eys
446 ang) 44&qaredamfikdieatidife RlatctiHEE 450. OAs hREsul théemaERa A RovAiTaRRBNes the
slots 434 and 436 are |l onger than the drive keys 438 and 440 to accommopdat e
tilting nobgrmet oR@ndretadens ofhoageitusle, ¢harebe prod2dingritie tECPd processc with4&8.
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waf er 4] 4 i‘ihlats Iieg above or below the wafer-pad interface 416, forces are
B
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interface between the polishing pad and the surface of the wafer that is being polished. In

this manner, embodiments of the present invention are capable of avoiding undesirable
25  forces being applied perpendicular to the wafer, which are caused by locating the gimbal
point in other locations.

Figure 3 is side elevation cross sectional view A-A through the wafer carrier
mechanism 400 intersecting along an axis of rotation of the spindle. It should be noted
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.
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Clainms PCT/US01/ 41232 1. A projected ginbal point drive system conprising:

a spindle capable of applying a torque, the spindle having a concave

spheri calwp 3usigce forned on a | ower portion of the spi ndicgyushiedser

carrier disposed partially within the | ower portion of the spindle, the

waf er carrier having a convex spherical gurface formed on a surface

opposite the concave spherical surface of the spindle; and a drive cup

di sposed bet weeltht¢ efepianadremeshdnisie4Ohiretudeamiewer par 426i ofethe ypindie 4EViI ng

a concave inn surface and a convex out er gurface, wher ei n e drive cup
a

r J h
al | ows t heCppicsh toca phafes capier Wi 21 vig dEye W des-a IyFveaens ié8 apdfsl apaised 10 2. A
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surface of Fizumed.eA pbiisiief delby50, iksposddesel @a thel wafer Sarridy 4220jsast@ch polishahe
point drive systemas recited in claiml, wherein the ginbal point_is

| ocat ed befwigcarntthe srafactlbeinipea @MEopiossssnginpererati, dhe drivesaingle 4l%af er

held by th [ er. j i i i
el 02 ¢l R B ok A6 180 0Pl ke UBAER 20
bet ween a mlﬁoﬁ@miﬂgpg@dsmnd a surface of a wafer held by the wafer Garner.

25 5. A projected ginbal point drive systemas recited in claim1, wherein
the drive cup i Hchpitesf effériy it achéqveaferisroalignment,sa tne 456 merrendichlar e thdonvex

Cecitod | nedlea st Sais Hopt Hve gigshy B EELhe ETaR oBROR otk IR RAS™ 2
extending gul, Ofhd REBANARNE oFRASPrERht $MhAGE M@balthifo8RlyNEcBmmod¥ this

02/ 02276 11 PCT/US01/41232 7. A projected ginbal point diive system as
recited i nmidadignment. whe thiis rendhehe fembodisetts of thir presenk dyeentin domitd theowathe

first set slots in,the drive cup. 5.8. A.prpjected ginbal point drive
et em os Tl DR ah Savafed et avciBne of the b Aot b lia g Bendioafid o
of el ongat : c i i r Y : ri .
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conpri si ngadditden,apthesatbodfmehts van loeats thexy afadd Fgatauth o elehatianatheteanysidtieg i cal

surface of the wafer carrier. 10. A projected gi_nb@l point dri V%Ps%/s},em as
reci t etP i notihgivrater 41dnEemiarPoskion PeERsRAiCYIaE (e gping 29I ACHE B libhe
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drive cup, conprfsing: a first “set of elongate ots | I'n a convex

.out er surf bgea pod-sdléaedidistaacecup; and a second set of elongated slots |ocated

in a concave inner surface of the drive cup, wherein the drive cup allows a
waf er carrier téspopn ineHigasodt 2 SopveEcPhrmed syrfatsat2Qdy farmedpom the wafer
proj ected qj l,~,4O0i [l i ] i my1 i ISt
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gi nbal point drive cup as recited in claim12, wherein a second set of
drive keyscencaxsaphegicausurtsee 424 ohtadiussnisrioaned e erlgwer part e ofliccdrivigg ri er

crtend |1 Gobl 93O dndah ShoP bR FL i AL M RSy
sl ot's CONpPHioBes poitd aetiRn@ates &f SeOwafer 414\aBd¥2thO 2%f& -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



12 PCT/USO1/ 41232 15. A projected ginbal point drive cup as recited in
claim 14, wherein the two elongated slots of the first set of slots are
separ at edwayo2ahowt 180 degrees around the circunference ofpgfessirfiye cup. 5
16. A projected ginbal point drive cup as recited in claim 15, wherein the
second set of slots conprises two elongajed slots. 17. A projected ginbal
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. surface formed on a lower portion of the spmdle
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 Jocated 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 3. 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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©109 "10%& () - SY§ $109¢Prejected-gimbah pojgt diyve system as recited in claim 1, wherein the

41 109%& () - éﬁ%llclg%‘gingl)tﬁgf 3 E%HEQQVA%@Y&%{%&P&(S 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 spindie 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
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