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Vi ncent W wWoeass®do Field of the Invention 10 The present PCHUSIMHIDEA rel at es
generally to chenical mechanical polishing (CW) systens and techniques
for inproving the performance and effkctiveness of CMP operati ons.
Specifically, the present | nvention relates to g‘&ebal nount ed pI ate for

carrying wafers, in vhPRh ANDPMETHORS 9&6
waf er - engdgSUBFAGH QEe\ISfAG @AINE&BJN% IitAeWAEER §%R§' K FOR
pol i sher - engagi ng sur f acEBEMECARMECGHANICA LISHENG15 2. Description of

the Related Art In the fabrication of sem conductor devices, there is a
need tp perform chem cal nechani caBy aoéntetsi ng (CVP) oper ations on

seni conductor wafers, sugfud, Shidaf ai@ Pambon Ofihcedt Wiltiamsand configured as

di sks of 200 mm or 300 mmin dianeter. For ease of description, 20 the term
"wafer" is used below to describe and include such sem conductor wafers and
ot her planar structures, or substrates, that are used to support

electrical or electronic circuits. Integrated circuit devices may be in

t he form pf mF;élan‘méelnvaﬁﬁimtures fabricated on such vvafers A transistor

device may be forned at one vel b I t

ot al 10 a0 | on THeRseRgveRop s GrdhaaAa LR s BYfihine G, P he °°

Lransi St Ofyeo afiPibiifaleR (SRR 1Re ploRnAtte bid sifédmaloslsMMP opiatidres ned
r

conductiv ayers are I nsul at ed om ot her conductive | ayers by dielectric
mat er i al sSpeéiicaily, éherpaesaht mzqttm relatesito b girpbpd meyatsdiplatefor cardnewlerscin ayer s

are forned re.s an |

materi al , h‘§f58‘$5 rfgg 55 aﬁ’e‘F ﬁ?)’é‘%\?@ ovﬁ%%a%ggﬁﬁé k‘éﬁ hgﬁtthglgﬁtﬁewlﬁg

pl anari z glhef%vlthfa?«bﬁbﬁ?{usﬁéhdﬂk jutfaceidlan actbleatetdizeatingn | ayer s becomes
substantl 1y nore difficult due to variations in the surface

2. Description of the Related Art

In the fabrication of semiconductor devices, there is a need to perform chemical
mechanical polishing (CMP) operations on-semiconductor wafers, guch as those made from
silicon and configured as disks of 200 mm or 300 mm in diameter. For ease of description,

20  the term “wafer” is used below to describe and include such semiconductor wafers and other

planar structures, or substrates, that are used to support electrical or electronic circuits.

Integrated circuit devices may be in the form of multi-level structures fabricated on
such wafers. A transistor device may be formed at one level, and in subsequent levels
interconnect metallization lines may be patterned and electrically connected to the transistor

25  device 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, there is an increased need to planarize the dielectric material,
such as by performing CMP operations. Without such planarization, fabrication of additional

metallization layers becomes substantially more difficult due to variations in the surface
30 topography.
A CMP system typically includes a polishing station, such as a belt polisher, for

polishing a selected surface of a wafer. In a typical CMP system, the wafer is mounted on a

wafer-engaging surface of a carrier (carrier surface). The mounted wafer has a surface (wafer
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30 topography. A CWP systemtypically includes a polishing station, such as
a belt polisher, for polishing a selected surface of a wafer. In a typical
CWP system the wafer is nounted on a wafer-engaging surface of a carrier
(carrier swoex¥20The nmounted wafer has a surface (waf er PERUSRONSI WD

02/ 078900 2 PCT/ US02/ 10153 surface) exposed for contact with a polishing
surface, e.g., of a polishing belt. The carrier and the wafer rotate in a

direction of rotation. The CVP process nmay be achieved, fo exanpl e, when
t he exposstrfacs expoprsl fapgantactyith a palishing S&F:a“éx?)&s%'ga Pfﬁ\?ﬁﬁé LB{BI T‘éﬁﬁa%fs urface
are urged b ayarghi6AaG te%ﬁ@freéﬁﬁn%f;cﬁﬁtfo%z TRE EM5iBcds D Sa§ B0 asiveabEr surface
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carrier suexhmple, whenthe ekpbseddefatingwafer anrfaceand apleaprsed movingpobishing ey

surface is said to define a wafer plan nd .t he .expos L shi urface
in cont actAHRER PNard RaFILOthe tﬁ’r?ef%fcg’ %@i@epgheacé‘f’?sﬁg%ﬁ? %Sﬁ‘?as‘%%%gﬁ%egﬁ‘?f’&l n the
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to proper |plansotse expnsed Wefersupiaeia said o dafme o waffyr plane, and therprsed Poligiiact with
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bet ween t H ?ﬁlﬂ Iétgcgr‘@ t 62‘9% @%Heclggéw&?ﬁggglﬁ%g{a%mglﬁl ows the carrier
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the pol i shighghiRg fee fof tht baribe| To enableelicakafys careo wepreperlypositios itherexpéset he
ginbal results rn nore nmechani cal structures,ﬁ%etweugn tg)e car rli er . éﬁ

surf at@® ariafer w&a@éoséqﬁgeﬁcmhwgbﬂt?ﬁxpwedw? tReSUrAS, B PREERY 2 BHte i s
more of aryQRpgy Oﬁrgﬂh ehdenlthd Glddiandthd WefePBEMRN THE binfdal MldwitREcdrierr educe
the force sensed by the sensor. Qhers have provided so-called active
retai ner rplagsotiltatlativegpespintleaxisarannd siohithe wafprgarses setation ofcREs SPEN r et ai n

the wafer qQn t cajrier plate.. Ho . ' '
retainer r &H@% Eﬁﬁ%’? lﬁ%?ar%eﬁ[?haélg i%%?ee%arm@r%? gdcf \k}éep(glesgjﬁé 2?’3 ¥ gF %1? %gﬁ'c %e%éé%@\'/ e
retainer rjdigSer, piWSionTi e ghbslessultnindieke Anichdnidabstiuctutescetween theecarrier
gi nbal -l1i ke action of such active retainer rings. S . act iogn of such

h
retai ar riumgcoandm forbe senseiaounied prethe sRipdipeAs pFrswbit "t%%ff PeOe s of a
et ai nor 1o Bl 4186 A RS RSO lord enielbg RS
P e’?ﬂa uch design did no

(the ring W®R t appreciate that a | ack of guidance
of such active J.etainer ri 1 GBiafnbl A J3 Bhat stidpast the FBfer dgRinke

positioned axi ﬂmsalbafvf"greot"i#ggﬁc%lﬁe \?\g‘#er Fﬁ aneégi na ?e%%onse_ to f%lr ces, such
as a 25 hopézzentabfordes tcetaif the nafeo eh theavatrienglatsn Howsver, thg desien afouich 3iive apunt

of the off ?e%i}iner;%%gsl) Eas not appreciated an adverse feature of such active retainer rings. Thus, such

20  design did not take into account a gimbal-like action of such active retainer rings. Such
action of such retainer ring mounted on the carrier may be appreciated in terms of a retainer
ring plane defined by an exposed surface of the retainer ring (the ring surface). Such design
did not appreciate that a lack of guidance of such active retainer ring allows such retainer
ring plane to be positioned axially offset from the wafer plane in response to forces, such as a

25 horizontal force of the belt acting on the ring surface. The amount of the offset may be
referred to as a reveal, and if the reveal is positive, the wafer plane is closer than the ring
plane to the polishing plane of the belt. In general, a negative reveal is used to prqperly seat,

or position, the wafer on the carrier surface prior to polishing.

As an example of the lack of guidance of such prior active retainer rings, the motor,
30 such as a bladder, that drives such an active retainer ring relative to the wafer has been
flexible and allowed the retainer ring plane to move in an uncontrolled manner relative to the

carrier plane and relative to the wafer plane. This uncontrolled relative retainer ring-wafer




referred to as a reveal, and if the reveal is positive, the wafer plane is
closer than the ring plane to the polishing plane of the belt. In general,
a negative reveal is used to properly seat, or position, the wafer on the
carrier sum@exorpsonor to polishing. As an exanple of the PEWKS@OZHI dance
of such prior active retainer rings, the notor, 30 such as a bl adder, that
drives such an active retainer ring rélative to the wafer has been

flexi ble and allowed the retainer ring plane to nove in an uncontrolled
nmanner r ekatievmotemdnhhbas allawed the reshincraingrpianedd titt andbecome put-ofgastichWihe. Thi s
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val ue of th veal. being. di r i a R0 it 18
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20  rotation of the wafer and the retainer ring on the carrier axis of rotation. In particular,

currently there is an unmet need for structure and methods of providing a uniform profile of

the edge of a wafer in CMP operations while retaining the advantages of retainer rings that

are actively moved relative to the wafer plane.




4 PCT/ US02/ 10153 SUMMARY OF THE | NVENTI ON Broadl y speaki ng, the present

i nvention fills these needs by providing CVWP systens and net hods which

i npl ement sol utions to the above-described probl ens, wherein structure and
nmet hods ar svge2owrssed for allowing a retainer ring to novePCEUSRAWMSIt o a

waf er plane while 5 limting the novenent of the retainer ring so as to
avoid such tilting that causes the retainer ring plane to becone

m saligned (i.e., out-of-parallel with respect to both the carrier plane
and the wafer plane, or not cSUYMARYOF{THEINVENIIQNfer plane). In such
systens and nethods, the retainer ring may nove relative to the wafer

pl ane, but t hB@roadlyapeakingytheqresant ineentiomfilctiesegoedsihyprodding SMEHSEESt he

waf er the retajner rin, | an nd the f - 10 In
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t he non- ugid @& Wafee plaa, ok hotoasiaramwith theoveferapdys)i Imsueh stenisand pstheds and
met hods of the present inventi.on carrier plate .i | | a
carrier sthefrelgiacy BpgsmpHEpYe %’L\%{? E’rtﬁe ﬂg{ﬂ’é?lﬁlile?’ngPtatb? rncééﬁl%g %r?&é{r’l’g@gs I\(K)ﬂr}ﬁ%nd f or

moverment Lehaf éoYﬁ ﬁsﬁin%llﬁ‘e §AF I8 betRh@iidg phnk hiPME wadaplang newybangelmat i s
nount ed between %e arrier plate and the retainer rin

' rete 8 The rrfin ement
i s cortf i giim paiticudar) theridireation ofitheaelative ragvementip imited i Hdifec Pﬁ‘l@er?"é\%ﬁ’ A® to the
carrier, erei n.perntted j ' niRnee paral l el
to the waf&V F%H%%‘F aBﬁitt C?Prrb%g}éﬁg%%hge%%ggﬁﬂgg%ﬁéﬁﬁfdh%b%%cer_ pl ane. In
anot her erhaéhtmidremtfanfloeardiind theperipheryrof theovkfermind ofi thepeteinerting, h&ent i on, an

assenbly including the carrier plate is.provid wth.a gi | & vabl y
mount t he asound thercarrigr axigof @f‘aé’topviﬁ‘fsothﬁ a@%“ﬁ@?%ﬁ%%%répgs%%g%pﬁc% };emhousi ng
| s mount eqn?%g gelﬂf\)e;{&m%%a?&?@aneme@ﬁe&wm@\h halih@W dohamifern feveal pl at e t o

e wafer p

nove so tha ané nay nove and becone co- planar with the

pol i sty ng ppddere. during the CMP operations. The retainer ring is nounted on
and for novenent relative to the carrier plate, and thus may al so ve
rel ative to tHa onaémbodimbintves diersystemeard mes dswémeimgﬁﬁatrlméﬁi@@w&g{er ai ns

both such rel ativye novenents_ by permft] 0 DV, Qhted B add@bRl Ner
ring rel atif Povidsd Wi acater %‘%ﬁaﬁ?‘dﬁ&@l’%‘?‘%ﬁg@' p‘gir ﬁalH% a?gﬁ el to a central
axi s of thg ealehi Blatid @itRe cARrQ2dt€) 78 %Akhr bearing arrangement is mounted between the
carrier plate and the retainer ring. The arrangement is configured to limit the movement of
20 the retainer ring relative to the carrier, wherein permitted movement keeps the retainer ring

plane parallel to the wafer plane, or for polishing, co-planar with the wafer plane.

In another embodiment of the systems and methods of the present invention, an
assembly including the carrier plate is provided with a gimbal to movably mount the carrier
plate relative to a spindle housing. The spindle housing is mounted on a drive spindle. The

25  gimbal allows the carrier plate to move so that the wafer plane may move and become co-
planar with the polishing plane during the CMP operations. The retainer ring is mounted on
and for movement relative to the carrier plate, and thus may also move relative to the wafer.
However, the linear bearing arrangement constrains both such relative movements by
permitting only movement of the retainer ring relative to the carrier plate along a path

30  parallel to a central axis of the carrier plate.




5 PCT/US02/ 10153 I n yet another enbodi nent of the systens and net hods of
the present invention, the |I|inear bearing arrangenent is provided as an
array of separate |linear bearing assenblies spaced around the wafer
carrier. | waedd7sanot her enbodi nent of the systens and nRETBH3/1G3t he
present invention, the 5 |linear bearing arrangenent is provided as an
array of separate |linear bearing assefiblies in conjunction with the

retainer ring, wherein a force agplied to the retajiner ring bg_thﬁ1
pol i shing belln yetanpthersmbedineent phthe Rystesagrand ajethods okthp presentdpveptipna ey s of

the carrier phate to facili : ' ' td [iGeaf Bl AnBGEsebld 1N @

rel ated eﬁﬂ%%ibﬁérmg o] %méf;ﬁo@%&%h@%ﬁhﬁgﬁ% t he preé1 ntsci nvention, the
10 linear spfad hidgndithe avagecmmier.i s assenbled with the retainer ring in
conjunction with a notor for noving the retainer ring relative to the

waf er nmount ed 1Rt bfotharembedinkat dfhkd syseme xpbmettiodssofthicapresent invérgiongher and a
surface of the retainer ring to be engag%ed %\é thj' ol,i shi n% %%g are

co- pl @narlingar bagging pmangement iy prgvigp as-A a53y ot feRapte @B@é’ﬁ%ﬂ% SR Shages of
the i nvenct,dnﬁ‘mltc 1 Vyith 6 QeFRin SR, GAErefn dkck Rfplicd %o fherbtaivibNn iRl the belithing
descriptiony taken in conjunction wth the ‘acconpanyi ng draw nhgs,

i || ust r at belgis ynsfayedad thexcarrist platetparatiel to@h pxie of the carnier plpigde factitate BRI EF

DESCRI PTI QN, OF, THF DRAW NGS The present invention will be readily

under st ootrUBTRtER 8T ISR T8et ai | ed description 20 in conjunction with

t he acconpanying draw ngs, wherein |like reference nu ' te like
structural el Shgfelated dlﬁl%ofi %%ﬁtﬁ%f‘?‘gmg#‘g%aoﬁi%%r}gca i?al\YV S g\%\ﬁﬂﬁg an
enmbodjgren, ?éa?iﬁ RAc@SBMEnt ié GBI With theabiaiier sing@foonjunction with phatoefor
supports a warer gmd aretainer ring for contact with a chemi cal

mechani catnopingitehictainesting relative toghewafer mopated,omihy Garpiersy halanfxpessdg 1i ne 2-2
in FIG 1 chemti cal ' . 4 Sk e hink g8l @8 a

bel t, forslggaﬁ?g ema@ﬁh%dofﬂ%é;&v\%gge}m%%ﬁ?dﬁ%yﬁ%%eg%&gl? elftmaca%rgi er plate
and the rg-plafi@duking thetpohshimgopecatiods t he wafer; FIG 3 is a cross sectional

view taken along line 3-3_in FIG schematically show i obal
assenbl age t ha@ﬂﬁr pspeEs pd adyaatagys q%étledPY%l or&lvﬁ{ ‘P%"%S?‘B?a?%‘é?fr°fng¢’gg| ate to
move gl a%&l%%}giodetﬁ@celta&cﬁ iich, ke B RhjuRBidfwith thOhdt@hpanying dawings,i ng | i near

beari ng assenbli es ween the wafer carrier plate and the retainer ring;
WO 02/ 078 90BtriRiHE/ BySa/of e4:dple the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the following detailed description

20  in conjunction with the accompanying drawings, wherein like reference numerals designate
like structural elements.

FIG. 1 is a schematic elevational view showing an embodiment of the present
invention in which a wafer carrier plate supports a wafer and a retainer ring for contact with a
chemical mechanical polishing surface;

25 FIG. 2 is a plan view taken along line 2-2 in FIG. 1, schematically showing the
polishing surface, depicted as a belt, for contact with both the wafer carried by the wafer
carrier plate and the retainer ring that surrounds the wafer;

FIG. 3 is a cross sectional view taken along line 3-3 in FIG. 2 schematically showing a
gimbal assemblage that allows an axis of rotation of the wafer carrier plate to move relative to

30  an axis of rotation of a spindle, illustrating linear bearing assemblies between the wafer carrier

plate and the retainer ring;



6 FIG 4A is a cross sectional view taken along line 4A-4Ain FIG 2

showi ng a connector shaft maintaining the retainer ring assenbled to the
carrier plate and a spring biasing the retainer ring into a position in
whi ch a rewo om7song reveal has a nmaxi num val ue for posPET/BR2AGSE he waf er
on the carrier plate; 5 FIG 4B is a cross sectional viewsimlar to FIG
4A, showing a linear notor for novinf the retainer ring in opposition to
the force of the spring, wherein the retainer in a position
in which the rfgﬁaﬁtgesfaqrpsﬁ@em@mle%%%ﬂﬁ%wc\%ﬂg "P%!G Pglmgr?g the wafer;
FIG 4C i s R labi the zero
val ue of %%g&tﬁgbgfé %%ay @%{hgﬁ‘etﬁnéii@_-r{; ag%nf'{’)eéi égl;;[egliﬁng i)irali nghp?%gnlg@and t he
waf er pl aigsinglle Feltéﬁler‘iﬁg lirfto @ positieisinowetith oretdiney iipgrevealihana masinfinGyaluetA and

4B, illustrating the linear notor having noved the retainer ring to a
posi tion for pesitioning the walshenths RaYe P t he wafer carrier to facilitate

posi tioni ng t RYGER §fa &sttspﬁloﬁﬁrvﬁév@Emi?llaﬁtroquGFi@shgwinﬁ adineiQfstosREL | onal
vi ew t'aken along I'1ne 5-5 showi ng various fasteners for nounting

a |inear ineengthy relsmemngynlogpmm t@ the ferse of e spring: whersia thyeetainsr pgly 15
100 S0t hat. rel 3bls FRARARAL RELGER AR PR LSl RebofBind BE ikl ner

ring is | I'on cular to I"ane and the
carrier plane;pi6 4 idan eillaagddr\@aﬁoﬁaepdmmmﬂﬂﬁl&vlﬂmm@ﬁngromame obthe in

FIG 2 show ng a vacuum and as supp y |IJI§ E:)v ed in the spindle and
connect eerGﬁl@%CWﬁ@qm)b‘afrth?@?a‘?ﬂré‘E‘éP ape aa t ?gép P¥ss sectional view
takem gl ong | B, éD?%A&oEs.ngghf&aﬁ&leﬁmaEHﬁFl%maénd?zﬁk apgaahho@elissapnect ed

to a }oad cel | assenbl age 1 ncluding a drive g_l n received in
a taper edmoay hhgzlng)fnot;dnﬂhmda&nermg o & posgticatasmaxingn c@stme awey Bom thewefepnal
vi ew taken al on ng f)lgretalner ring secured to a

retai ner F‘Fﬁ@rth%cé‘}tatFP@m‘gmi‘gstﬁgwtaﬁf%H& enstonal view of the wafer carrier

plate, illustrpig,Bgs & broa8sionabviex tasnhlogg finiecss thBIGiafshowingrveiiars pl at e for
four linear bearing assenblies; FIG 10 is a tghiee di n;%lgrbgl vi ew of the
waf er car fastenerp foegmeounting %IBB%P"F*WQg assgrablybetwesg LigicAYICL B FPBGhded by

the refal Beksd &”Qrelaﬁbﬁpoéeln&?ﬂét%& o bhsfit HIRRd tht keughéraiznglianer @t ons of

a met e present invention for aligning an exposed surface of the
retainer gire@owiptiperadiouldres the vader plage anthhdepnglt ang; f | ow chart il lustrating

operations of a nethod of the r.es nv
respective f or HiG 61i$ BREOYEC chgﬂﬁﬁﬂ?ﬂgg #gé%ﬁg%& ?’r om eahJabﬂg%%néil ner
ring surfgeeubplyliie pHRided it @e khifdle and connected to the wafer carrier plate;

FIG. 7 is a cross sectional view taken along line 7-7 in FIG. 2 showing the gimbal

20 assemblage connected to a load cell and the gimbal assemblage including a drive pin received

in a tapered cavity of the wafer carrier plate;
FIG. 8 is a cross sectional view taken along line 8-8 in FIG. 2 showing the retainer
ring secured to a retainer ring base;
FIG. 9 is a three dimensional view of the wafer carrier plate, illustrating flanges
25  extending from the wafer carrier plate for four linear bearing assemblies;
FIG. 10 is a three dimensional view of the wafer carrier plate, illustrating a wafer-
engaging surface surrounded by the retainer ring;
FIG. 11 depicts a flow chart illustrating operations of a method of the present
invention for aligning an exposed surface of the retainer ring with a wafer ;
30 FIG. 12 depicts a flow chart illustrating operations of a method of the present
invention for transferring respective forces from the wafer-engaging surface and from the

retainer ring surface to the wafer carrier;



WO 02/ 078900 7 PCT/US02/ 10153 FIG 13 depicts a flow chart illustrating
operations of a nethod of the present invention for calibrating the
retainer ring; FIG 14 is a graph resulting fromcalibrating the retainer
ring; FlIG w®oxspioets a flow chart illustrating operati onBCHUS@/1888hod of
the present 5 invention for using the calibration graph; FIG 16 is a flow
chart depicting operations of a nmethodl of the present invention for

reduci ng a cause of differences between an edge profile of a chem cal
nmechani cal polFI€hEddepisticpeflqyochartdHussfatingepergiions ofargethod afthe presehf i | ¢ of a
chem cal .nechani calﬁpooti g%acfr%p% | portion of the wafer within the edge
portion; ypnppp-for pauorpune e ISLINCr 8%+ i onal vi ew of the outer edge of a wafer
pol i shed usi ngI@. 14 Blagkdpk Fesniting fiohssalibmtingthepetaiverdbng; Wi t h the | i near

beari ng assenblies of the present invention, anﬁj FI& 1&% IS a cross
sectional vi eWlGf 15 depickes flow shastiHustrating eperatipps of 3 mpthpd gf thegresenty or i ¢ of 4
central s f or . TAlI LED DESCRI PTI ON OF THE PREFERRED
EI\/BCDi’gI\/EﬁﬁgénkﬁﬂF%yglngiﬂmg\é@{l%%%%@? ded for a CWsystem and nethods, which
enabl e preci siFiG. 1€3ntflosl dherd depittingriperptions ofra nestpsisaf dhespregeat invertion fotaf er .

The present invention fills t above-, desegri el cw
syst ens d’ﬁéf‘cl‘ﬂﬁ hHEyee ﬂr’}kﬂ‘tj@ﬁer}cﬁ%{;%%% a“scggﬁ?rlo'ﬁ%sotgg ghgﬁggﬁ%ﬁg@% éb %%1 ggr i bed

pr obl ens, ¢4k BértioR obthe Water bl 26chtetpidinelof evhemivabmechadichlqrolishddmantrd) a
retainer ring to nove relative to a wafer plane while limting the novenent
of the renaxtioncef the wafgr wishigdhe el2apefti@nt i 1 ti ng t hat causes the retainer ring
pl ane;f o becorg-oui of - Shal ¥ 8%dgt OF DRAilr pliRhERNsiger Pl ane and
t he a’ﬂt‘er pl a@.& ﬁlAguacﬁ%sé%uglﬁ%\%%Of&gfﬁgds, gt he retgi ner ri r??m ane may
nove rel aletawer Hag tHaeiswaf movidédwith tHeuineartbeaning assemblicsof therpresent VeEian; ni t ed.
The direction of the relative novenent is limted to a direction

per pendi cmdar to the wafer plane and to the carrier plane. As a result,
for polishing yirae 188! orods RectivRil SlevPbRAGwaReshowhan FEG.AI7ae Mllusiratingpl ane may
be co-planar. Al'so, the value of a desired reveal remains the sane at

di f f er ent prafilgl of 2 centeal portionef hemafiiery of the wafer and of the retainer

ring, l.e., around the carrier axis of rotation. Thus, the advantages of
retaifrer rings that are actively 30 noved relative to the wafer plane are
retai ned wi thout haviDgraniEp DESURIFEION OB ODIMENTS

An invention is described for a CMP system, and methods, which enable precision
controlled polishing of an exposed surface of a wafer. The present invention fills the above-
described needs by providing CMP systems and methods which implement solutions to the

20  above-described problems, wherein structure and methods are provided for allowing a
retainer ring to move relative to a wafer plane while limiting the movement of the retainer
ring so as to avoid tilting that causes the retainer ring plane to become out-of-parallel with
respect to both the carrier plane and the wafer plane. In such systems and methods, the
retainer ring plane may move relative to the wafer plane, but the relative movement is

25 limited. The direction of the relative movement is limited to a direction perpendicular to the
wafer plane and to the carrier plane. As a result, for polishing the wafer, the wafer plane and
the retainer ring plane may be co-planar. Also, the value of a desired reveal remains the
same at different angles around the periphery of the wafer and of the retainer ring, i.e.,
around the carrier axis of rotation. Thus, the advantages of retainer rings that are actively

30  moved relative to the wafer plane are retained without having the problem resulting from a

non-uniform reveal or lack of such co-planarity.



non-uni formreveal or |ack of such co-planarity. WO 02/ 078900

PCT/ US02/ 10153 8 In the foll ow ng description, nunmerous specific details
are set forth in order to provide a thorough understanding of the present
i nventi on. wo 02478400be under st ood, however, to one skill eBCT/HS®ARISArt, t hat
the present invention may be practiced without sone or all of these
details. In other instances, well kno®n process operations have not been

described in detail in 5 order not to obscure F he @F'g}sxﬁlnt i pventi an.
Referring to Mt follovwingdgscripting, sumerousspecitie Aetails ae 5 QISHIRRIPYHEN  of

the pr esaetﬂ{)rggé\g %is%ﬁn?%ﬂh@%héégné%i Y ore YiE (vl beARfderstbda, 1woel, fdie of FI Gs.

1 and 2 inc a po hi ng configured wth an endl ess belt 204
t o pol i siskilled éx(heartpthatthé presenPidGemnsifon anaywe peactic@igvithouhsomet arallof¥heber carri er

surface 210 of _a fer carri 212. The wafer 208 10, be..a Jt.he

waf er s déé&alﬂﬁ-bgb"tggd%a}“c?so P”eliifﬁ‘%'f Rrocesf gPeigifqné ﬁ?vr?dgﬁgeﬂf dfff?bFQ%a%'gqﬂglﬂed to
pol i shy thﬁd&%{ﬁ,%sgg@%%{gmgmimﬁwn, 208 utilizing the belt 204. The belt
204 may be nmade from materials, fixed abrasive pad materials, etc. In

] |
general , any Referring toFIGS. § pnd 2, dheamisschempticallysbowm an prabodimentpf they el s and

reci sion . . r | e belt
D04 rmy R RS abiBding BEMIEYesiibo, irfe BmBbdiBi(o HGH 100N Piithuach B DT

exanpl e. _pﬁﬁletgﬁghéflmoagoﬁf@;tz;ﬁm mﬁbﬂ%ﬁ?ﬁ t@polishetclimqscd aotnc Z %gﬁoff?ﬁr this

purpose is |inearly poved (see, arrow ace 3p®bans . The

capst ans Wwafer 228 mounted qne af &IT}E@F%{?%CQ 0 %aé?fg’g er&‘fi r OPRMESHAS e 4

Spi ”dfge 2@:0%. by %Pif&ﬁ'hé‘scﬁl%& dbSvd) fdrfexiuBble! THe polRMIAE hedUe20@k GesightBtoand ur ged
t he glt 2604 par al | el

t owar to the axis 218. Referring also to FIG 3, the
20 spi ndl moliak theisarfams 206 ofithe ovafar @0utiliging the bplp 204 [Eheolt 204 mel be mede ERBY y 222

that all ousythe .wafer A Vv b4 ; ' Xdes Of
rotation %Té?@g§ye%§bar£asﬁ%a}%8ﬁ%%&3%’ &?1 ﬁ%@%a?gﬁaﬁd\?gat?%ﬁﬁ%b?gileﬁdl e axis
218. The arfred pslRhing dveld kid precisiogesh beyusedforsiw et 204 2B0a prefemad d t he bel t

204. In turn, the exposed surface 206 of the wafer unpt ed e wafer
cartier sumbEe e byl PR TBYS & SBONSE FHGOFOR umICADog PR RE, KF T, 7 3
agai ng)t t%@@lt 204 25 for performng CWP operations. The belt 204 is

by a bel

backe t plate 204p to resist the polishing force 225. A reiai ner
ring 226 i s noliapolishing bele204qorforms GMPef theayafercl08 cang forthis purRosisiBearty ng

226 may be nmoved to e e a rtion i | n&A9K ( 4A) of
the waf er ™oy gwo&%’%ﬁ&Sp§8$£‘fa8ﬁmgfﬂtf6hghg§{d)58€§%§ e é@?@c? I?S%es a
reveal 22, an3Rih Jfr&tatich® 1800 WepindieR20. M spirldlee220fis bétk roteted atoui@ the aXise
retainer ring 226 nmay be noved away .30 fro_mtEe Cﬁrrigﬁ %1@%;1%2&0
reveal poPlamdigeedserarddhe et 284 parabiel 4o the pgis 218, ReigEng 4lsg tp Sifd . the

20  spindle 220 is mounted to the wafer carrier 212 by a gimbal assembly 222 that allows the

wafer carrier 212 to move and position a carrier axis of rotation 224 (FIG. 3) at an angle, or
tilted, relative to the spindle axis 218. The wafer carrier 212 is urged by the spindle 220
toward the belt 204. In turn, the exposed surface 206 of the wafer 208 mounted on the wafer
carrier surface 210 is urged by a polishing force (see arrow 225 in FIG. 1) against the belt 204
25  for performing CMP operations. The belt 204 is backed by a belt plate 204p to resist the
polishing force 225. A retainer ring 226 is movably mounted on the wafer carrier 212. The
retainer ring 226 may be moved to expose a portion of a peripheral edge 208E (FIG. 4A) of
the wafer 208. The exposed portion of the edge 208E is referred to as a reveal 227, and FIG
4A shows a maximum value of the reveal 227. The retainer ring 226 may be moved away
30  from the carrier 212 to a zero reveal polishing position (FIGs. 4B and 4C). In the zero reveal
position, there is no exposed portion of the edge 208E of the wafer 208, (i.e., no reveal 227).
In FIGs. 4B and 4C, an inner peripheral edge 2261 surrounds the edge 208E of the wafer 208
to hold the wafer 208 centered on the axis 224 against frictional polishing forces (see arrow



position, there is no exposed portion of the edge 208E of the wafer 208,
(i.e., no reveal 227). 1In FIGs. 4B and 4C, an inner peripheral edge 2261
surrounds the edge 208E of the wafer 208 to hold the wafer 208 centered on
the axis 23v0emexB998t frictional polishing forces (see arrBGI/VEI202¥5978900
PCT/ US02/ 10153 9 228 in FIG 1) exerted by the belt 204 on the surface 206
of the wafer 208. The retainer ring 226 may be noved further away fromthe
carrier 212 as shown in FIG 4D so that a plane 232 defined by a surface

233 of t A28in Fip. ZI&mtsdiowqbebr?eﬂ o thp shdace ZBﬁ Shthe yader 208, E%Fewef Feg
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dashed | i nes |n FIG_ 1) are prqvided hetween the :Q?t ai nas h g 226 and the
waf er cargxpesed surface 306 Pfﬁh‘t" 203 tedacilitate spsy maunting ?&8 9B ol ative

to the c a({aHe? h1Z 1’?h1£ ﬁfg%ﬁ@{lrﬁg{? a%&lﬂlﬁhtlﬁé’%tsﬂfon(@rtﬁd BhaimdxXtifg 2#%4 and

paral I'el to an“axis nmetry (or ati1on t he waf er 208. Such
liniting assurdmeapbeasing assembliex @3 gshowe nldaspd:rhh@Si'IBEKijéb pigEPvidedibgavesnr f ace
233 of the retainer 2 and .t sed
waf er surtePeLAiBss &N §f25¢ ﬁ‘gdéﬁ fafer sgrge un?e ettg g%m%anggfmgéﬁt%ﬁegp ng)l?'??

210, and mRlatipd @Be cadferdabitmBdvirent paraltal td the eaxﬂ&ﬂaximZMm’nd pataliel tovar @xis 208 i's

mounted. During polishing, _such lim¢tin syr.es co a |ty of t.he
pl anes Zﬁlﬁ@mﬁygfﬁ%uqqié’fwmgﬂf@%s%i E‘E&ass‘éﬁ %gl lﬂrgaﬁ}ﬁ’f‘%& carrier

212 1 fh MONifae9 dBﬂﬁe‘tthgF{He ko6 28 dihio @iy g DY, 8hd B8 phidd 264 ddfincby i

tilte 1'VE eaxis 218, the retainer ring plane 232 and
t he waf erexpbsedavaléburiag Z%bémwﬁaﬁer 208 mobsted o tmawermame@ suz@se A, and

el not only t Lol oy th

e iinGhien B A ol I, ™
face 2 dehlge gifnbel 2

157 ity Aty ot S, St ot 8,

222. 20 Aslloksshs whafeticarnier13 o mgyeand posifign H\egé'awfw&P ofagign paral | el
{1 095 Xliflarrifive Y ohdsldbic SHPPAL the rathbiiiinellsn i R 4iblerpliio D84 inc2 01

resis drging an I'es a orce (FIG 3) on the exposed wafer
surface 2 wafs c&nﬁﬂsmcmmashaammmlﬂ rmg onlyté gash ogtggbut payallpl toge

226 d h i

L san) | cBlang2iy defird b5 peion gt ARt 20 Slehdsby ¢ wa B ihchlos MARe diEET 1O

paral | el ElﬁfaEg'?.?f‘thé 1ﬁﬁua%§n Bpﬁﬁ%éredﬁt Bidsbs&d by the lifieur bbing Adsdmblidre230Dalses F1
allel,

and F2 are par parallel to the axis 224. These forces FI and F2
conbi ne aradmwahﬂmovmntﬁl@wdhymgmb@iraé@@bﬁ 28ad F2 that is parallel to

t he spjndle axle g, ‘ﬁql(h 3;3& Y181 th thed@stad. | ines in
t 10 'the’
FI G % Si gn fg 8%%‘13“1%%&%@9%“" %e%atp‘g%g Y I'n response to the
sensed coNpgNBOsuppbit GRhelback plate 204p, the belt 204 resists such urging and applies a force
F1 (FIG. 3) on the exposed wafer surface 206 and a force F2 on the exposed ring surface 233.

With the retainer ring 226 mounted on the wafer carrier 212, and the linear bearing assemblies

230 limiting the movement of the retainer ring 226 to movement parallel to the axis of

25  rotation 224 of the carrier 212, the forces F1 and F2 are parallel, and parallel to the axis 224.
These forces F1 and F2 combine and a component FC of these forces F1 and F2 that is
parallel to the spindle axis 218 is sensed by a load cell 240 (shown in dashed lines in FIG. 1).
Signals (not shown) from the load cell 240 in response to the sensed component FC may be
used to control the force by which the spindle 220 is urged toward the carrier 212.

30 Referring to FIGs. 3 and 6, the axis 218 of the spindle 220 is shown. The spindle 220
may include a conventional cam operated connector, or base, 242. The base 242 is secured in
a well-known manner to another connector (not shown) of the spindle 220 so that the base

242 receives the rotation and urging for the CMP operations. The base 242 is provided with a




used to control the force by which the spindle 220 is urged toward the
carrier 212. 30 Referring to FIGs. 3 and 6, the axis 218 of the spindle 220
is shown. The spindle 220 may include a conventional cam operated
connect or, wo odnas®) 242. The base 242 is secured in a wePCTRM3MMSHanner to
anot her connector (not shown) of the spindle 220 so that the .base 242
receives the rotation and urging for tthe CVWP operations. The base 242 is
provided with a WO 02/ 078900 PCT/ US02/ 10153 10 shoul der 244 and a f| ange
246. The $Hoakige244emdiadlange 246ndne flongeed4briecu awaigsieling astepgedzagin 34§ that

receives the | oad, cell 0. The I 4 . LEnRagl N
gauge suc?cggeﬁ%ﬁﬁgf& éFrhf%%%%L@%a{éB%%Q%y ir%ﬁ%@%&?%ﬁgﬁm qules, of
Tenecul a, NgAberTEU-50RIRCabld B4R ansdaser Tashiqued, ofilernentd, O\ rEedeadakll 240 m
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. 5 e
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socket, 254 of 't i.nbal , assenbl 22 . .~The.socket 25 I . econd
gi mbal mefBeload Saf%ﬁ%rméﬁn BRpy or sf'g%‘?r %‘?h%szbcgﬁig"gggﬁr g‘%’rh: ﬁ’ﬁf‘@ggtﬁ\éﬁiﬁgba\?\af er 10
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i nput 252 recsies iseaenskaimhal yemnber; augimby balkgs6.nEhe ball 25§ isppy t he
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t he CLQ/i tggggéylazﬁﬁgfﬁjel&\(?g\gn ?9@%%%%%‘&?25 man r,geafarnidctipn pgcgtes bet ween
t he waf er efgbld the wafst 2arfierchutfaee 310a0 be wdry clRdtodnecinpesdFe ésee dimensioni2fg HEr e
accurate neasurin f 15 the force PC |n thiS nanner.. f sed by
Che T oad dbiarinep b desritidbelOS i rEe A Ble 2TVt gl o e e
desEribed a&S}n?%s kR TR! a0y RRIAAANS 2SR TAAE Ry, Bickioielonks bethamce FR
(FIGs. 3 an of the retdalner ring 226 corresponding to various

act uat i ng tiereafetcagier RE2 @it load pelhpf) are rpduesdofopteRgmorpcEyralg gRsasuimg of pi ndl e
axi s 8 is ali .th a cent ' I - Of et 254. 20
Perm tted ﬂ?ﬁ)@’éﬁ"’fgﬁf q‘?mﬁ@ ?nee&%?eofogése Sg%gﬁggfﬁ%%%aﬁﬁg\}g%%ﬁt m%I:‘aedf ﬁ%ﬁ%al | 256
relative teprédesratiGnsrities foreF Gl Avisciitied belent cakibration spgauonsidetermingtifeer
carrier, and the axis of the bal 6 (that, i co-axial with.the carrier
axi s 224) valug ofpiasce IR GGy and lﬂheg@wiaé?ﬂ é’)?‘géz%%ofegm]l%f%vw? hrgn &sugi ndle axis
218. Spaceact%(g@né@ﬁgmsﬁ?(ﬂd. 18Pdblib$toliMehdRslolsooneen the base 242 and the
to a [

waf er carrirer I"ow t he "gi mbal | i ng novenent . The_ spac 2228 may be
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socket 254 allows the central axis 224 of the wafer carrier, and the axis of the ball 256 (that is

co-axial with the carrier axis 224), to move relative to the socket axis 262 and to the spindle
axis 218. Space 266 (e.g., an air gap) is provided between the base 242 and the wafer carrier
212 to allow the gimballing movement. The space 266 may be from about 0.100 inches to
25  about 0.050 inches. The component FC of force from the forces F1 and F2 is transferred from
the wafer carrier 212 to the ball 256 and to the socket 254 to the input 252 to actuate the load
cell 240,
Referring to FIGs. 3, 6 and 7, the wafer carrier 212 is shown having the wafer carrier
surface 210 provided with a diameter 268 about equal to the diameter of the wafer (e.g., about
30 200 or 300 mm.). Such surface 210 is opposite to the cavity 258. Adjacent to an outer edge
270 of the carrier 212 and at locations spaced from each other by about 90 degrees, tabs, or
mounting sections, 272 extend outwardly from the carrier 212, and upwardly in the FIGs. The

tabs 272 extend over a retainer ring base 274 and over the retainer ring 226.




cell 240. Referring to FIGs. 3, 6 and 7, the wafer carrier 212 is shown
havi ng the wafer carrier surface 210 provided wth a dianeter 268 about
equal to the dianeter of the wafer (e.g., about 30 200 or 300 mm). Such
surface 21wo @/moggooesite to the cavity 258. Adjacent to anPGUv¥2/18dge 270 of
the carrier 212 and at | ocations spaced fromeach other by about 90
degrees, tabs, or nounting sections 11272 extend outwardly fromthe carrier
212, and upvvardly in the FIG. The tabs 272 extend over a retainer ring
base 274 and PI@I7 dhows bat af theee boien27GR6videdingly wisiommse 24Pdignetpith 10153

FIG 7 shows one of ree res. .2 rowd
al | gned \R?SP?F“VF'E%TB%%% gﬁ gﬁglﬂdﬁergs‘pﬁ ptﬁgsvil‘}g (]j-ﬁl n thgb(?espect i ve tabs
272. Eac Qoﬂig&ézﬁwmﬁa&u%?e@wrger tHfaf fHalt We@tcmddcre&/s(meﬂ&e&lbd io ther t han t hat

of respective screws 280 threaded into the respective threade es 278.
The | ar gaespeitivethreadsd borsy 2% TFhsdanserslisastens Prove f@‘P‘HiS%P‘}@HdE@&g‘FPg ﬁ%

whi | e .respective u@chedtothe
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bor es 284pinERMase 212, ARMRalf, FIGeT dhaweoﬂaﬂﬁ thecmtwebomoseéép@@tZS‘lfeE@nhl ve pin
286 t hat extends acr.oss_t he space nd |n

beari ng 20w 2&Saf edbase2 eb eslaﬁ@P g“’é%ﬂ‘& gﬁ@’af ﬁégn%gtg'lfr\é?setbg%%gna nove
in the QR%B%M YRR eﬁealse@;hgasssre@éwém dﬁeafﬂhagorz8884mdA$ﬂne pin 10
286 avoi nter er en e vmtﬁ

the ginballing nmovenent . 358 one of
four set saofer @phowphovair @ns@b@lilr"é@f’l%c@tntht: lapesef tbeiéeaflgé Q’gﬁ%sp’ﬁnd in
the retai n ase 27 bore 290T of the tab 272 is
confllgh ﬁ 2° ltdétg(g] V&% o tglgggrﬁ)%ﬁﬁgﬁoﬁgﬁa&msher 294) and a spring 296.
Each bore 290B7gf 4A shevy dledi fur sets ofgpppased, Aighed oresx29iigthedab 273 (Begcei ve a
t hreaded end of the bolt 292, A 1 t he bore
290T so tZ%)iD aneinghy fetrinep ggg pase éi‘ﬂé%g@@ g&%&%"é@?‘ﬂ! ‘filhedﬁ?a"ﬂs 298 and t he
Masher %nﬁéﬁrg id J%gc}bé)é bolPR (MVARACASLEISR) biss ifhingade dERNTOIBOB ot he

retainer 1in

e conpressed spring Lh% Lé
upwar g: y thardfdﬁﬁérrmghase 27ué cormamed&@cqwa ﬁlfmd?df@dr@%&t}? 292 %g“ 9
FG B ibdhoaies T A B0 37 it ork iR Somprfifed Wiboch e s )" o6

the base ghnansk Whsher ZH4aiWieH the bolg292hireade] it thedueadgbbdre 29@3/0%@ ts 315 and
T e g v e o ins e i e b VAR LA Bt 21
tabs 272 tur]?trl-'ae bhg 4T84 nRlraRGed At 208 hpWardlysotAs iRfbase 274 normally contacts
the tabs 272. Referring to FIG. 8, which shows a portion of the base 274 and the retainer ring
20 226, the base 274 and the retainer ring 226 are bolted together by bolts 315 and move together
as a unit,
FIG. 4A shows that with the base 274 in contact with the tabs 272, the plane 232 of
the retainer ring 226 is closer to the tabs 272 than the wafer plane 234 (shown in dashed
lines). In this position, it may be said that the value of the reveal 227 is a maximum, or full,
25  indicated by the dimension 331 having a maximum positive value. This maximum value of
the dimension 311 may be about one-half of the thickness of the wafer 208, for example. In
contrast, FIGs. 4B and 4C show the reveal 227 having a minimum, or Zero, value, with the
wafer plane 234 co-planar with the retainer ring plane 232.
To provide movement of the retainer ring 226 (¢.g., to change the value of the reveal
30  227), the linear motor 300 is mounted between an annular portion 302 of the tabs 272 and the
retainer ring base 274. The linear motor 300 may preferrably be provided in the form of a
sealed cavity, or more preferably in the form of a pneumatic motor or an electro-mechanical

unit. A most preferred linear motor 300 is shown including a pneumatic bladder 304 supplied



lines). In this position, it my be said that the value of the reveal 227
Is a maximum or full, 25 indicated by the dinension 331 having a nmaxi num
positive value. This maxi mumvalue of the dinmension 3 11 may be about
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the pressure PB may be selected to move the retainer ring 226 further downward into the

wafer mounting position shown in FIG. 4D. The pressure PB may be in a range of from zero
(in the maximum reveal position shown in FIG. 4A) to about fifteen psi. to about seven to ten
psi, for example, in the wafer mounting position shown in FIG. 4D.

25 The polishing (zero reveal) position is the desired position of the retainer ring 226
during polishing of the wafer 208. Moreover, in the polishing position shown in FIGs. 4B and
4C, because of the operation of the linear bearing assemblies230, the wafer plane 234 and the
ring plane 232 are co-planar and the reveal 227 has a zero value all around the perimeter of
the wafer 208. As a result, as the belt 204 moves in the direction of the arrow 214 (FIG. 1)

30  the ring plane 232 will not be free to tilt relative to the axis 224. Thus, the ring 226 will not
dig into the belt 204. Further, a portion of the belt 204 will first contact and traverse over the
retainer ring 226, This contact and traverse will cause a dynamic condition of the portion of

the belt 204, e.g., the belt 204 will assume a wave-like shape. However, the continued



the pressure PB nmay be selected to nove the retainer ring 226 further
downward into the wafer nounting position shown in FIG 4D. The pressure
PB may be in a range of fromzero (in the maximumreveal position shown in
FIG 4A) t weabmrssobi fteen psi. to about seven to ten psiPCTO302488Mpl e, in
the wafer nounting position shown in FIG 4D. 25 The polishing (zero
reveal ) position is the desired posit®on of the retainer ring 226 during
polishing of the wafer 208. Moreover, in the polishing position shown in
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to prel oad theThemafi3g6 bscardena® 2uchTdséo at least Re 60 and is ground to a finish of at least

10 micro inches, for example. Suitable bearing balls 322 may have a one-half inch inside

diameter and a length of about one and one half inches, for example. Each linear bearing
assembly 321 is open at a bottom 324 to receive the mating bearing shaft 326, Suitable shafts

25 326 may have an outside diameter of about just less than 0.500 inch (plus 0.000 and minus
0.0002 inch) so as to provide the interference fit in the bearing balls 322. The shaft 326 may
be about one and one-half inches long. The length 323L of the cage 323 in a direction parallel
to the axis 218 is less than a dimension 321HD of the internal bearing housing 321H, and may
have a ratio of 3/7 relative to the dimension 321HD of the internal housing 321H. The value

30  of the dimension 321HD is selected according to the desired amount of movpment of the shaft
326 in the linear bearing assembly 321. Each housing 320 extends upwardly from one of the
tabs 272, and is bolted to the tab by bolts 328. Bach shaft 326 extends upwardly from the
retainer ring base 274, to which it is bolted by bolts 330.



| i near bearing assenblies 321 may be |inear bearing Mddel Nunber M. 500-875
sol d under 20 the trademark ROTOLIN by RBM of Ri ngwood New Jersey, for
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to a fini swmé2eassbeast 10 micro inches, for exanple. SuPCHUS0/1HSAri ng
balls 322 may have a one-half inch inside dianeter and a | ength of about
one and one half inches, for exanple.lEach |inear bearing assenbly 321 is
open at a bottom 324 to receive the mating bearing shaft 326, Suitable
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spaced intervals around a circular path (shown in dashed lines 334). In this manner, as the

wafer carrier 212 rotates, there is a rapid succession of individual linear bearing assemblies
230, for example, located over the belt 204, FIG. 9 also shows a uniform spacing of six of the
eight bolts 315 around the retainer ring base 274 for holding the base 274 assembled with the
25  retainer ring 226. Supplementing FIG. 4A, FIG. 9 also shows one of the four bolts 292 that
are provided with the springs 296 in each of the four tabs 272 for keeping the base 274 biased
against the tab 274, and to resiliently release the base 274 and the retainer ring 226 when the

bladder 304 of the linear motor 300 is pressurized.
FIG. 9 also shows a pneumatic hose 340 that is attached to the inlet 308 of the linear

30  motor 300. The hose 340 extends to the spindle 220 for connection to a supply (not shown)
of the pressurized fluid 306, e.g., air.
FIG. 10 shows the bottom of the wafer carrier 212, including the wafer carrier surface
210. The surface 210 is provided with evenly spaced holes 344 that are either supplied with



beari ng assenblies 230. The array 332 is configured to divide the operation
of each individual linear ball bearing assenbly 321 into parts having a
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such division | ocates the |linear bearing assenblies 230 at uniformy

spaced intervals around a circular path (shown in dashed lines 334). In
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other than parallel to the axis of rotation. The resisting may, for example, be provided y the

20  four linear bearing assemblies 230. In resisting such freedom, the linear bearing assemblies

('D

230 only permit the retainer ring 226 to move so that the surface 233 of the retainer ring 226
remains parallel to the surface 210. With a wafer 208 carried by the wafer carrier 212, and
with the wafer 208 having sides that are parallel to each other, the retainer ring surface 233 is
also parallel to or co-planar with the exposed surface 206 of the wafer 208.

25 Another aspect of the method of the present invention is described with respect to a
flow chart 410 shown in FIG. 12. The method may start by an operation 412 in which the
wafer-engaging surface 210 of the carrier 212 and the ring surface 233 are urged toward the
belt 214. The wafer 208 and the retainer ring 26 contact the bolt 208. The urging provides
the force F1 on the wafer-engaging surface 210 (via the wafer 208) and the force F2 on the

30 retainer ring 226 (e.g., on the surface 233). The method moves to an operation 414 of
transferring the force F1 from the wafer-engaging surface 210 and the force F2 from the ring
surface 233 to the carrier 212, The transferring operation 414 may be performed by the
retainer ring 226 acting on the base 274, which acts on the tab 272 of the carrier 212, for



exanpl e. The nethod noves to an operation 404 of nmounting the retainer ring
226 on and for 15 novenent relative to the wafer-engaging surface 210 and
relative to the axis 231 of rotation. Such nounting is with the retainer
ring 226 f memodorswove ot her than parallel to, and paral | ePCT/U$02/10158 axi s
231 of rotation, and may be provided, for exanple, by the bolts 250. The
method noves to an operation 406 of fesisting the freedom of the nounted
retainer ring 226 to nove other than parallel to the axis of rotation. The
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of the moAddrof efation. Asheforg the rrustingrpay e&"??%b?”%%?%t’%? Rg#ﬁﬁi ng 226 also
has the risBgntiis &mem%aﬁsung@ﬁmmdmnge BRdr beurinp ussembliesi 230 onlygesuit theo t he
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of thg,belt 29%e 08 rndGlibERobdi%o B) 85atior@25 of fixing the position of the spindle

220 along the axis 218, The method moves to an operation 426 of placing the retainer ring

226 in contact with a calibration, or force measuring, fixture. The fixture may be a standard
force sensor (not shown) similar to the load cell 240, and having an annular force sensor plate
427 (FIG. 3) configured to contact the retainer ring 226 without touching the wafer 208 or the

25  surface 210. The method moves to an operation 428 of applying to the linear motor 300
various input pressures PB to cause the bladder 304 to urge the retainer ring 226 axially
downward (in the direction of the axis 224) against the force sensor plate 427 of the
calibration fixture. The method may move to an operation 429 in which, for each of the
plurality of different ones of the input (e.g., for each of many pressures PB of the air supplied

30 to the bladder 304), the force measuring fixture measures the value of the forces FR (FIG. 3)
applied by the retainer ring 226. Knowing the area of the retainer ring 226, the forces FR
(FIG. 14) may be converted to retainer ring pressures PR (FIG. 14) on the retainer ring in psi.
By this method of flow chart 420, operation 428 may conclude by preparing a calibration




as shown in FIG 1). The nethod starts with an operation 422 of nounting
the wafer- engaging surface 210 on the axis 224 of rotation. The nethod
noves to an operation 423 of nounting the retainer ring 226 on and for
novement r av@oi/o7e90po t he waf er - engagi ng surface 210 and PEIH$GA181580 t he
axis 224 of rotation with the retainer ring 226 free to nove other than 15
parallel to, and parallel to, the axild 224 of rotation. The nethod noves to

an operation 424 of resisting the freedom of the_ nounte et gi ner ring 226
to nove EAR43RKER. h4) by Rletting gn pRRAXISSuSh retaning fing B%r%ﬂsi%. WHEPLPR, the
resistin . | 4 | PR&urdERId (8 1RSSR, ERA a230. I N
resisti nghgﬁtéﬁg%?}sgﬁeﬁ%dnr&%ng}ﬁg}%%%ﬁgﬁggksi(EIS asserrH diﬂes 230%(??1 y pgr mt the
retai ner fuhdigndPfetdiner ping @ressuré RRt Refeeringuo FE& d42(B8seqfresshwss PBtaze pleftedonng 226

[ lle] to 20 th 210. Th t hod t ti
425 of - f ¥ G Aev s bt TRIBIACh RN SR oG (G an AP & 85, The
met hody n%ﬁﬁe&@ytﬁf‘;;n%@%f Ak rQRinddthg 6 Pireplofie éri@e kighwdxer ring 226 in

contact wth a ca ration, or force nmeasuring, fixture. The fixture may be
a standard f dnemoteeazpspeet qfitle methodanf the pigsentinyegtiomdhe ealigration grapy#32 ong
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on one axl s Ing ring forces FR (FIG 14) and on _the other axis

the cor r edpantboeFWIDf{ te dorte bywbich, Withouttbe retaimes ring 226.dhe spindie?2039mld each

as a functio f retainer rin essu PR. . Re i . o4 hese
pressur es“‘F’B‘“ﬁY ge 'EBB‘{ &%‘H‘“ﬁ?ﬁdlyt“ﬂgﬁsei fmdz’i:g' T XRRET ’gfgsulr %‘!ﬁzgé ?’8}; (% 228 #%“B%f ore
convers 'r 09‘."‘?1’8" DOSRS BEIBh{RA $RAve9sr, Bechie @ rERinGr g2 2berlsdnontabe tiwertelt 208, t he

are plotted on the right axj n_apot her, aspect of the
met hods  ofpplinethp fareeFRR, andapaeivsh }thOEEDSEE?qr‘EFr%% ﬁFiﬁ %r AW % do\_‘f’é "Be used as
A oBr ol g R B e e B actier 304
accor di ngapplied by theivefiirr2g8 against the belt 204. Rather, the force FC described above has the
two components F1 and F2, and only the component F1 corresponds to the polishing force (or
to the wafer down force FWD) between the wafer 208 and the polishing surface of the belt
204, In operatic;n 444, the force FR of the retainer ring 226 is added to this wafer down
25  (normal) force FWD derived from the process specification. In this manner operation 444
provides a value of the total downward force of the spindle 220 that is greater than the normal
wafer down force FWD used without the retainer ring 226. Thus, the spindle 220 is urged
downwardly by a force opposed to and equal to the force FC which includes the forces F1 and
F2.
30 Another aspect of the methods of the present invention may be used to reduce a cause
of differences between an edge profile (identified by an arrow 450 in FIG. 8) of a chemical
mechanical polished edge portion 452 of the wafer 208, and a center profile (identified by an

arrow 454 in FIG. 8) of a chemical mechanical polished central portion (identified by a

-




process specification for the next polishing operation. The nethod noves to
an operation 443 10 in which, based on the calibration graph 432, the

sel ected pressure PB is used to select a corresponding force FR (shown in
FI Gs. 3 anavddyo7edoot he retainer ring 226 on the belt 204.PCTWHE2{10453e FR has
the corresponding opposite force F2. The nmethod noves to an operation 444,
Operation 444 is performed with the p1=30cess speC|f|cat|on in mnd. In the
process specification, Shl ng forc med a wafer down

force meet 436) abthe piafse FoBe Aamondds G ttmderonledsD sbd fHoceuot BPLEn e
next pol | &%faﬂ& k2 kam ggntw@ffae eﬂﬁgpmfe%fés&t'fmgﬁ&m tE tHeQitePhahg, Whi ch,
, e 220 woul

w t hout t e |ner ring the spin normal 'y be urged
downwar dIE[Glsnl’H &gl 17B show p8rtiohoof &bypivpll veafert 208 thag bast een pelished 298 agai nst

the belt 204 f ! 226. al
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woul d norma downwardly is not the force that is applled by the

waf er 208pre@b|(nbnt1ﬁ yisa larrow @40P meklGh 1 7A) ¢fe chemnical peshgriselpobiged g88ve has
the two Coggg Eﬁ(i"to? the b 508 Zana¥ln P mﬁ%ﬁé{%ﬁﬁg} %R lanbly £SAPILERPATE) L0 t he

pO|IShIn between t 08 and
t he pol i sdfiahemivaf meﬂlam‘baltpbﬁslhdlcéntraménoﬂl (idapifiedby abradket 456P)eof flerwafer-R of

h i i 226 i dded h f d 2 | f F
Hor ven P G dows todmee bR beving o repHROVIY SReEE 18 et oot R
provi ﬂfst‘ﬂé obab F:ﬁe ﬁércénlf' @aﬂaﬁ%l?hn @l@mgﬁtfdi ter6ifle 2548 aﬁu&p%daeﬂaﬁ 228 that is

greater ormal wa force FWD used out he r et ai ner

ring 226. acwptd)lc piofile phmrr@a:z&_m,FKi 47 sbowsiboadggpiofile H0RhavingashemiPed t o

d I the f th
a0 002 ot Rt N 8l bR i KOG S im0t e
cause of glighipRsfHO&S4P. tsi'xtuvaepmmarﬂldbecdife@édnldmﬁmcdﬂmd Yariatiois aan arrow 450 in
FIG 8) of a chem cal nechanical g{? d ed Br?zfnsza 452 of r})e vvaf er

208, and enaseapiable ssigeprofils- (Fhsrles pP aﬁ‘yf SSf th beliy

pCT] Uobay TRRANLEF SoR e FRAE,iRE| rine B Jogang ‘“W“r'eﬁﬁoﬁ';fh?‘%“‘%"@“éﬁof he

edge prof dymnﬂc‘:soioamddmhmt@mme ther ofainiceringithat pravidesghezaveal (of 00AR inghepe
cont our a result of t sent . 17A
and 17B sa‘lﬁﬁ/nﬁbﬁ“f%‘h@ B?lpgowg?fsﬁ} Rﬁg\égﬂ%‘g%tst%f&%}s%eenogg I'sh agérum ng a
retainer pog)opR@st, tHeubet-dederiied ity of theptidaletalde? rings amwng(]nﬂﬂ&rem@shes
Such retainer r|n not provided with th k@;ear (frlngla eﬂbles
230. The @Gr"@l“@ﬁg ﬁWPPlPW@PEH@ PEHmEtRg et thp Mater S PR ar r ow
450P by H,Gausk by £E uftofilliBaGRE hiTRCAARH pRibldd® ih ENBEiofAatfons. One type of

problem is the unacceptable edge profile 450P.

On the other hand, as described above, because a portion of the belt 204 first contacts
the retainer ring 226 of the present invention, and because the retainer ring 226 is co-planar
with the exposed surface of the wafer 208 during polishing, the dynamics of the portion of the

25  belt 204 resulting from the portion of the belt 204 initially contacting the retainer ring 226
dissipate so that the portion of the belt 204 is substantially in a steady-state condition as the
portion of the belt 204 advances past the retainer ring 226 and moves onto the edge of the
wafer 208. In the steady-state condition the belt 204 tends to polish with only about a three to
five percent height variation of the edge profile 452 and center profile 454, in each case

30 without the unacceptable sharp steps (e.g., 457) depicted in FIG. 17A, for example.

As shown in FIG. 16 another aspect of the methods of the present invention is
depicted in a flow chart 460. A method includes an operation 462 of mounting the wafer 208

on the carrier surface 210 of the wafer carrier 212 so that the wafer axis 231 of rotation is



portion 452P of the wafer 208, and a center profile (identified by an arrow
454P in FIG 17B) of a chem cal nechanical polished central portion
(identified by a bracket 456P) of the wafer 208. FIG 17B shows the

profil e 450 02078999 a sonmewhat wavy shape to represent abPCE/U2A0SEhree to
five percent variation in the height of the profile 454P (which generally
is an acceptable profile). In conpar¥®son, FIG 17A shows the edge profile
450P having a sharp ste 457r epresenting substantially nore than the three
to five parsally mevabie tegaﬁvetpmh@imét gris 208 omettioed@feepnafﬂwiedlazzm Tiguch

step 457 vardation un e bl e edge
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initiall ynaydntthertinohgletrhennting thie tieear bearing23mpontintssinths eespeoti vdiahfet dgrigror ti on
of the bgh& (84 .S subiEgntially In a steady-state condition as the
portion ERLrefpiner 98 £26,4y ances past the retainer ring 226 and moves onto
the edge of t EmayW RideridBd thafitht Bfuss bEME WiffdreoSs Kebweknlthedugk BRorEs$0p204

tends to polish with only about a three to five percent height variation
of the e&geﬂﬁrcsmpt@vﬂlsrzﬁéﬁ@a&éh@@ckpf@n-pllaeanmfthwaﬁeaphn@a gimedby hout the

unac t 9] El. | e.

shomﬁg:on%%l %pa%gtanoﬁlﬁgélegg%%g? 26%39%9&:3{’3 ?lods trl (H;gp%f)@?%&fﬁnﬁ@gﬂ)l on i s

depi ct ed therexposeld olishing-erbér-enfaging duofice 283 ofdl&aSre&meﬁﬁﬂg 2d6. CThe4Perafién

nmount i ng ge waf er ﬂ? he carrier surface 210 of the wafer carrier 212
o ng fhe waign2

so t hat of @ot onthg %‘Eﬁ“ﬁf%cwwmwmwl 10153 19
uni ver sakhiye ﬂﬂ?&’ﬂb&‘ab‘l@ﬂeﬁh’v&’% ﬁ@%ﬂlﬁ‘e 504 o, ﬁn \/és Hst %o %&R Pch $f the

waf er spi ndl met hod roves to an rat| on | ng
novenent Ségh qorlangitye rThegpersiion 466 of zesisting thesmlnaﬁm:!aoxzemnt mf the Jdatalm tringn

per pgpdi 6. vabl untLn retain ring
226 0N angé ?@f%@ﬁgﬁ?%@ﬁ %"Z?’ag%?ﬁé%g& %’2 exapile, h by h% SSRPAPYLH 464
may be the bladder 304 to achieve the desired co-planarity of the wafer plane 234 and the ring plane

232 (FIG. 4B) during polishing, thus eliminating this cause of the differences between the
edge profile 450P and the center profile 454P.

Although the foregoing invention has been described in some detail for purposes

25  of 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.

30 Whatis claimed is:




5 perfornmed by providing the reveal 227. The nethod noves to an operation
466 in which, during both the respective nmounting and the limting
operations 462 and 464 the relative novenent of the retainer ring 226

ot her thanwmei78®b to the wafer axis 231 is resisted. ThRCT/US2i16158 ng
operation 466 may be perfornmed by configuring conponents of the |inear
bearing assenblies 230 so that a dirction of the only pernitted novenent
between the wafer carrier 10 212 and the retainer ring 226 is parallel to
the wafer axig, 2%parahidcfof @sitfollindda PRBIcGRAI RMiidAhip FRY chéthibNahechitfédide
mounting the linear bearing conponents on the respective wafer carrier 212
and r et aipalishing sysferpthe appargtg cameprisinger st ood that the cause of the

di fferences between the edge profile 450P and the center profile 454P may
be a | ack of eovaféracramiértplatethaying arceider sptfaceccadfiguntdfto maolinby wdfér fone exposed

t o- be-pol ished .surface 206 of.the wafer 208, and the ring plane 232 defined
by the efﬁ%gfg&‘%‘&ﬁh&ﬁ?%g%?ﬂgﬂ-%’ﬁﬁﬁﬁ %%rface 233 of the retainer ri ng

226. Th t 462 of ting.th 208 hy ' f
210" r Snder ot RGCEE Fog) SHFEROR FOUTA B, A, 1op THOPE oG o P BB ne

spi ndl e @irier BIAE. to ABEinOMY SFaferiif @ deSirddYRsiloR RhaRR BfrribPGilfatd, theStdtdher
co-planarjty. The operation 466 of resisting the relative novenment of the

r et ai ner fingagsemblyimginguairing surfage conligireddp cowsaqtithe podishing syefase;28d results, for
exanple, in enabling the operation of the bladder 304 to achieve the

desi red co- pl abearingyassembly monated betpeentbe sfer gamier plsterand gheptetainer rigg2 (FI G

ot veon Eheoly S Bl eintenBur PuRAlalid: i BbRRGoired BELFREEGh (e

f or eqoi ngoumvmeﬁhgsuﬂrmido@ssmode@fmﬂbm thélcaBerplade hatdce f or purposes 25 of
clarity of understanding, it will be apparent that certain changes and

nodi fi cati ons may be practiced within the scope of the appended cl ai ns.
Accordi ngly, the present enbodinents are to be considered as illustrative
and not restrbCt AySaratdi@s trbditell M MO, wBerefOthe! Bndaf bbArdHg! Bderhiily tifie details
given herein, but may be nodified within the scope and e€quivalents of the
appended cenfigurad withy a\kparing dowsing meunteds on we Of tig7 880 cadty paendohe3 20 1.
Appar at us..f: » i i Ll i i D cheni.cal

mechani cz?&g%oﬁ%g%lﬁc%lbgys er}ﬁgﬂﬁﬁemapgda?lg 823*’&3%%%"2‘.”%%? gaén%alf e ag%rri er

pl at d5havhengtamersmng aseemisiyy thebeariag stafiteingdedeivedinithie bearitfiousih@r cont act

with a chem cal nechanical polishing surface; 5 a retainer ring assenbly
nmounted on and for novenent relative to the wafer

3. Apparatus as recited in claim 1, further comprising:

a drive mounted between the wafer carrier plate and the retainer ring assembly to

control a reveal position of the ring surface relative the carrier plate surface.
20
4. Apparatus as recited in claim 3, wherein the linear bearing is effective during

the control of the position of the ring surface relative the carrier plate surface to maintain

the ring surface parallel to the carrier plate surface.

25 5. Apparatus as recited in claim 1, further comprising:

a spindle configured to mount the wafer carrier plate for rotation, the spindle
having a base closely adjacent to the wafer carrier plate, the base being configured to

receive a first gimbal member;



carrier plate to retain the wafer in a desired position on the carrier
surface, the retainer ring assenbly having a ring surface configured to
contact the polishing surface; and a bearing assenbly nounted between the
waf er carri WO 0P and the retainer ring assenbly to |i mca/ushB100Eenent
of the retainer ring assenbly relative to the carrier plate 10 so that the
ring surface is positioned parallel t#the carrier plate surface. 2.
Apparatus as recited in claiml, wherein the |inear bearing assenbly is
configured wi thsegonsbgimbalymmber ¢opfigened te doaparatenwitiy thet fizst ginital mermbes er pl at e

and the tal r . r shaft 4s mounted on the, other of the
waf er car%n?es?b%?%{oemg%afe??%ng ’h@gre et%’ gﬁ%‘%?her\iv 5’%?&%%%?0 ?%gosgg’gF#]Wg shaf t
bei ng r ecaiyyesition it dieanesl polighihg pesitihs iBwhib e cabritd phie §ifacé RepatallelC! ai m 1,
further coqﬁrﬁ%gig: a_drive nounted between the wafer carrier plate and the

retainer ¥ fr{aceiandcont rol a reveal position of the ring surface
relative the carrier plate surface. 20 4. Apparatus as recited in claim 3,

wher eih the | i Weesgin pash the eprrier plate swrface parallel ity he polishing surface thetbeating posi t i on

of the ri : : (8] i . rface .t intai.n the
i ng sur Fasail Ao ifefif S NS oielfio Ritent G B lifor iy AGE0S LA, o
recited icartdreplate o, thitulne tiveg surfacepis ipesitigried @o-planacihieh the pbiighiimedface. nount t he
wafer carrier plate for rotation, the spindle having a base closely
adj acent to the wafer carrier plate, the base being configured to receive
a first ginbal nenber; WO 02/078900 PCTI US02/10153 21 a second gi nbal
member conf i guf. edppavatenfop eontralling psitidhal felatishshepsigh r @ a cBéificaecured to
t he fer carrier plate to allowthe wafer carrier plate to be positioned
in y p‘Bg?‘f"\“BﬁPP shing surfges, tie apPATARHFIRPLSHGI ¢ ons in which the carrier
plate surface is parallel to the polishing surface; and 5 wherein with the
carrier plate 3% ¢e parallel to the polishing surface the bearing
assenbly is effective to limt the novenent of the retainer ring assenbly
relative to tHevafergarriephavinga watsncartiertsusfie; ri ng surface is positioned
co-planar with the polishing surface. 6. Apparatus for controlling
posi tional ‘r elagimbdsAssemblyvhaving e disss @mba) neentiee mionated ochQtherepihdisianidih
POt o deS! 6 ridibeR BAARAE SR ORI 1l YecoRa HEM riemiser Wating with | <

15 the first gimbal member to permit gimballing motion of the carrier relative to the spindle

into a polishing position in which the wafer carrier surface is parallel to the polishing
surface;

a retainer ring assembly mounted on and for movement relative to the wafer

carrier, the retainer ring assembly having a ring surface configured to contact the
20  polishing surface; and
a bearing assembly mounted between the wafer carrier and the retainer ring

assembly, the bearing assembly being configured to limit the movement of the retainer

ring assembly relative to the carrier so that the ring surface is positioned parallel to the
carrier surface,

25
7. Apparatus as recited in claim 6, further comprising:

a drive positioned between the wafer carrier and the retainer ring assembly to

move the ring surface relative the carrier surface.



a ginbal assenbly having a first ginbal nmenber nounted on the spindle and a
second gi nbal nenber nounted on the carrier, the second gi nbal nenber
mating with 15 the first ginbal menber to permt ginballing notion of the
carrier relwopverswo the spindle into a polishing positioRCT/AS@OBA t he
wafer carrier surface is parallel to the polishing surface; a retainer
ring assenbly mounted on and for novédent relative to the wafer carrier,
the retainer ring assenbly having a ring surface configured to contact the
20 pol i shi ng $urirpeeatussaeciedingamde, 3deimnihy spipdla icepnfgusrd éhpromide waf er

Cont i gur SOpbUHE 184 Tpd Bl fbBA ex AR donsipis YA A PRl A EAAITEED 1 ve 10

t he car r itensfefrinigithd rotdtienaliforge ®uthd earderi s positi oned parallel to the carrier
surface. 25 7. Apparatus as recited in claim6, further conprising: a drive
positi oned between the wafer carrier and the retainer ring assenbly to

nove the ring surface relative the carrier surface. WO 02/078900

PCT/ U§02/ 10153, 2Rpghratdd BreditddSin d%aim &5; iiiRebin theWeadin Msentbl§lie téhfigaredspi ndl e
is configured to provide a rotational force and the ginpal assenbly is

conf i gur evithwe lineastbeqringshousing o O eE the rwaterrcarrier apd theretpingr fingassgmblyi onal
force {0 hRfREnEr belrifly SHANGT el ind ot BE Wafil chitief b} McbreraiRETfilen L e
beari ng asse y 1S con |%:1ured Wth a linear bearl ng housi ng on gne of the
waf er carassemablgnd the retainer ring assenbly and with a |inear bearing
shaft on the other of the wafer carrier and the retainer ring assenbly. \1\0
10. Apparatus as recited in claim®6, further conprising: a sensor nounted-
on the spindle and having a force input connected to the first ginbal

menbey t o r ecdiQy Apparatisiasfecitdt ih ola@ 6, fuitherApPFisibgts as recited in claim 10,
wherein the spindle is configured with a 15 cavity to receive and position

the sensor cl Ggs@hiorasbdunt@nn th® spib@le \4Rd Bhvif@k 6166 inpafebrinbetedVef @ fR@r rier is
configured with a recess to receive the first and second gi nbal nenbers

and enablgmbalangrahes fo fepqiva 2 pAlishing ffesor to be cl osely adjacent to .the
wafer carrier surface.

11. Apparatus as recited in claim 10, wherein the spindle is configured with a

15 cavity to receive and position the sensor closely adjacent to the wafer carrier; and

the wafer carrier is configured with a recess to receive the first and second gimbal
members and enable the force input of the sensor to be closely adjacent to the wafer

carrier surface.

20 12. Apparatus for controlling positional relationships in a chemical mechanical

polishing system, the apparatus comprising:

a spindle configured to provide a rotational force, the spindle having a first

gimbal member;

a gimbal assembly having a second gimbal member configured to cooperate with
25 the first gimbal member to permit gimballing motion in which the second member moves
universally relative to the spindle, the gimbal assembly having a drive connector for

transferring the rotational force;

a wafer carrier mounted on the second gimbal member and provided with a wafer

carrier surface, the gimbal members allowing the gimballing motion of the wafer carrier




20 12. Apparatus for controlling positional relationships in a chem cal
mechani cal polishing system the apparatus conprising: a spindle
configured to provide a rotational force, the spindle having a first

gi nbal neniserq2/0a8990 nbal assenbly having a second gi nbal RGEMES02EYUAT i gur ed
to cooperate with 25 the first ginbal menber to permt ginballing notion
in which the second nenber noves unf¥ersall y relative to the spindle, the

gi nbal assenbly having a drive connector for transf ing the rotational
force; aintepaolishing pasitiopimyhigh dhe vafer E%ﬁn%FWaﬂ’arﬁ{?irﬁbﬁ‘eé?‘?ﬁs}HP%vi ded
with a wals o€ bark GhEPEngIRERNE ecdlyh O @i tbimesiondal |1 ng
i on oBiee, (18 Watef bardf A 4018 sBEDEIng PCT/ US02/ 10153 into a pol i shing
posi t i on ahdialltiw thi girsealkiveyf otianawhiledransfenring ¢he riotatipaal ferreto thexcariass pol i shi ng
surface, the wafer carrier having a drive socket configured to receive the
drive connect gretaimef ria | asenibihe npuntediiohi and foo thayemeti telative dngiicewiafeng t he

rotational force to the carrier; a retainer ring assenb on and
for miveamier {ép ArTpvRel PESIHOR: tq BtOXIce aSIGX%a?&?rePtq‘%P%%ée Wé%ﬁ&ﬁ%@?&? on to
provi de %aﬁi@rvﬁﬁlfacé,% feﬁ%ﬁk‘r PP AsseRABlyWaliRE a@lhglsifacbrloffigurédifd doftfactste f ace, the
retainer ring asse ﬁy aving a ring surface configured to contact the

pol i shi npokshifgsuefaceamnd a | i near bearing assenbly nounted separately from

t he spindle and between the wafer carrier and the retainer ring assenbly
to pernmit onl g linear teeringressemblytmaymtedrseparatelyrfcar theefpindle, gnhBAREEN Yo 1 el at i ve
to the carrier,.the |imted novenen | e W, t g f oriented
paral | el “(%crt%g""(faﬁnfiitb? TR RS aﬁ?éﬂﬁlgetto He' g [r%lsz P?’ﬁ%ﬁ %vieg‘%t %@eAppar at us
as T ey t qetaindr FhRhdRbrABly MV the oaTiEr, Senlfmited tiovensenp being ivithettie lisgween t he
wafer carrier and the retainer ring assenbly to 31335 nove the ring surface
rel ati ve sudacelosiented parallelite thecasigr suage @Hﬂ‘gﬁl{“rw Re™MO8PRction of a val ue
of the reveal. 14. Apparatus for controlling structural novenent of a

sem conductor wafer carrier in chem cal nmechanical polishing, the
apparatus conprising: 20 a carrier plate having a wafer nmount surface

cent ered rel atl3y Apparatus esrecited inglaing 13 furthescampa®ingf the carrier plate; a

retai ner ring surrounding the wafer nount surface; ]
a drive positioned between the wafer carrier and the retainer ring assembly to

15 move the ring surface relative to the wafer carrier surface and permit the selection of a

value of the reveal.

14. Apparatus for controlling structural movement of a semiconductor wafer
carrier in chemical mechanical polishing, the apparatus comprising:
20 a carrier plate having a wafer mount surface centered relative to a carrier axis of

rotation of the carrier plate;

a retainer ring surrounding the wafer mount surface;

a connector arrangement configured to mount the retainer ring on and for
movement relative to the carrier plate in a plurality of directions including a first
25  direction parallel to the carrier axis and other directions not parallel to the carrier axis;

and

a linear bearing arrangement having at least one first unit secured to the carrier
plate and at least one second unit secured to the retainer ring, the at least one second unit
being movable relative to the at least one first unit, the at least one first unit and the at

30 least one second unit being configured to resist all of the movement of the retainer ring




a connector arrangenent configured to nount the retainer ring on and for
novenment relative to the carrier plate in a plurality of directions
including a first 25 direction parallel to the carrier axis and ot her

di recti onswowmbomageal | el to the carrier axis; and a | i neaPCI8Rp2/10§53
arrangenment having at |east one first unit secured to the carrier plate
and at | east one second unit secured?#o the retainer ring, the at |east one
second unit being novable relative to the at |east one first unit, the at

| east oneelétivesto thercarrighplatenia the phwality oF diregtions excsl monemedR b E8f i gur ed

to resist,all of Vv Of the retainer ring WO 02/ 078900
PCT/ USOZ/dirﬁﬁg’gp aﬁ%ﬁ}a%tcl%i\i%g%ngg‘t he carrier plate in the plurality of

di rections except novenent in the first direction parallel to the carrier
axi s. 15. Apparatus according to claim 14, wherein the wafer nmount surface

is 5 configured to be coaxial wth.the carri.er [ l.y | ocated
adj acent to tﬁg pggratu%ﬁaco[rﬁgg%rfzaép g‘baﬁ“ﬁg a@?;‘hggﬁen ug?ﬁ‘(%#%éelg an array
of | BearREakddeHeROEkik Riifthe Al@RUxidAnd centlle 1oatdd djaoemdo theeaxient r al

waf er nount Surface, each of the |linear bearings has one of the at |east

one firstandnits secured to the carrier plate radially outwardly of the 10
waf er nount surface, each of the linear bearings has one of the at |east
one second unitteslinese bearing arangeraent dnchydes anariey of linear barings RAYMPdofr ¢ he

waf er nou tng}%{fg%ﬁ%@.a&ﬁag%ﬁﬁ‘gﬁ% Al \ggfgrgxﬁgﬁd??uttfﬁe%a@h A ﬁéain@wﬂeﬁ‘ﬁfgs

conpri si rive axis of rotation an confltguredto
rotate thgs 6/ dfithe atlbat ne fitkburifsaconeddib e dasidr piptaradiatly outyyandin bt ther f ace

configured to cooperate with a_secqnd, gi obal f ace:  wherei carrier
o1/t elb s “yatervmaral ottach, aoRe ob i dwers Geifss he et ane Bofist BFY SEORER {he
first gi _’T;Qalreﬂdrﬂﬁeaz%&iﬁe?riﬁgEﬂff]lytoﬂﬁva?(ﬂ{/ bf 86 waterbfouafhrfabe retainer ring on
the carrier "plate to nove relative to the coupler so that the carrier axis

may tilt with respect to the 20 drive axis; and wherein during the
novenent of the carrier plate relative to the coupler the linear bearing

arrangenent perm,ts ve . I i liGges €l ative to the carrier
plate only i 6t ﬁ@pﬁ%&g&%}%gﬁq%ﬁﬁ&g%ﬁhé&f&?{ gh?i %é

carrier axis. 25 17.
2Ppi i odl ot hd SPURE bitad yeanis F 45 Fa na R ok Suipige, FC
separ p§ e @elhsikrMaving a first gimbal surface configured to cooperate with a second gimbal

surface;
wherein the carrier plate is provided with the second gimbal surface cooperating
with the first gimbal surface to permit the carrier plate and the retainer ring on the carrier
plate to move relative to the coupler so that the carrier axis may tilt with respect to the
20  drive axis; and
wherein during the movement of the carrier plate relative to the coupler the linear
bearing arrangement permits movement of the retainer ring relative to the carrier plate

only in the first direction parallel to the carrier axis.

25 17. Apparatus according to claim 16, wherein separate polishing forces are
applied to the retainer ring and to the carrier plate and each of the separate polishing
forces has a parallel component parallel to the carrier axis and a component other than

parallel to the carrier axis, the apparatus further comprising:

a sensor mounted on the coupler and having a force input, the sensor being

30 configured so that the force input may be contacted by the first gimbal surface; and



forces has a parallel conponent parallel to the carrier axis and a
conponent other than parallel to the carrier axis, the apparatus further
conprising: a sensor nounted on the coupler and having a force input, the
sensor beiwg o28M@monfi gured so that the force i nput may PETASHYHEBed by t he
first ginbal surface; and WO 02/078900 25 PCT/ US02/ 10153 wherein the
configuration of the connector for mdunting the retainer ring on and for
movenent relative to the carrier plate, and the |inear bearing arrangement
permtting nwhereierthe cinfighetion bfithasonnerior foranemnfing thegretagiier Hag PRERd p| at e

only in the first djrection arallel to f 1] | chailige only the

par al | el TXIAPGHER;TeIFVE F?et?’g 5?)%%513'!%%%@ #‘ﬂ‘g“‘ ggdfg{rg?émg%éﬁ%n X ohlt%%e

retai ner pidvbserdt bfifie dotRinkE ding Qelbdive Rathe icatriep|pidte ohbyr insthesfinigdipsetioh e

sensor. 18. A method for aligni nq a ring surface of retg%%ner r.ing wwth a
ship enl e i,

waf er - engamglleldo the gatrigraxify £p rRagallel CRTRRORFRL RS the PAPARRIERPISHES At i on,
conpr i.si t he .oper at | f nganglwﬂ : Eartief £ adising byuhéace on an
axi s of ?%P%PP%,B%HD%%%?%E%I&&'[%% goe al e%ar%lgrtl%ehon an%EthP novergreb?l’t relative
to the wagmbr.engagi ng surface and relative to the axis of rotation with
the retainer ring free to nove other than parallel to, and parallel to,
the axis of rotation; and resisting the freedom of the nounted retainer
ring to nove other than parallel to the 15 axis of rotation. 19. A nethod
as recited inqgl Aimetfiéd fof Wligdiey a Sagguitacd ofg:retaingt rimg Wite a waferengasinggi ng
surface and the ring surface ,tpwarﬁ ag%g)l i shing nenber, to rorgsv(;fde forces
on t he wesifaceshgngh Aemics! meaching)gPolshing RPeFabOY; E’rpnflinﬁ&}eofﬁ ransferring the

five f ' - i and fromthe ri
reSp:@e' ;/g aoéf%ﬁﬁ?lg&%a?%ﬁﬁgﬁgsﬁﬁgﬁ%r&ﬁaﬁﬁﬁ?&ﬁm’ﬁﬂ romthe ring

surf er-engagi ng surface; and nmeasuring.the
respective fomapatihg Mesétainereing an anH forguovement relative i the WABEHEREBENE SFHASE at i ng

an active retainer ring having a. rjhng surf ' AdlletoM t h
respect tandaclpiiiede ﬂlﬁn"éggﬂ ﬁg‘a‘é‘ﬂ}vﬁ‘&@eg‘ﬁ?‘?%ﬁ?&%?ﬁ?@ﬁ?%‘%@ﬁ?ﬁ?ng ep(g)l i shi ng
operati On%r{dg:afm&IQP, th&'8xi b@tatidhfsade touches a polishing surface, conprising
the operations of: nounting the waf er-e,ncrg%;i ng surface..on %Q{lﬁ)fé) Of
rotation; moumesistiggtieefreedomiofthe mountpdaetainerringdP BRYS SHIET Iap RRATT V™o ¢ he
vvafer-sengggi ng sur face

1 s ol rotation.

19. A method as recited in claim 18, further comprising:
urging the wafer-engaging surface and the ring surface toward a polishing member to
provide forces on the wafer-engaging surface and on the retainer ring;
20 transferring the respective forces from the wafer-engaging surface and from the ring
surface to a carrier for the wafer-engaging surface; and

measuring the respective forces transferred to the carrier.

20. A method for calibrating an active retainer ring having a ring surface that is
25  movable with respect to a wafer-engaging surface during a chemical machining polishing
operation in which the ring surface touches a polishing surface, comprising the operations

of:
mounting the wafer-engaging surface on an axis of rotation;

mounting the retainer ring on and for movement relative to the wafer-engaging surface
30 and relative to the axis of rotation with the retainer ring free to move other than parallel to,

and parallel to, the axis of rotation;



30 and relative to the axis of rotation wth the retainer ring free to nove
other than parallel to, and parallel to, the axis of rotation; WO

02/ 078900 PCT/ US02/10153 26 . resisting the freedom of the nounted

retai ner rwog2omeeove ot her than parallel to the axis of RCHUWSOVHAS i xi ng
the position of the wafer-engaging surface along the axis of rotation;

pl acing the retainer ring in contact Xith a calibration fixture; 5 appl yi ng

pressures to a drive attached to the retainer ringt rge t ri,ng agai nst
the cali br attesipting the {reedonyefthe mougtedsetaiper &“%)FQ}P%YQ"I ‘E@erg?a%cﬂafaﬁg B8 ones of

the pres uring the value of forces applied by the retainer ring
to the f?%ﬁ?fg%%@ 21. A method as recited in claim20, further conprising:

sel ecting a pfigiag tespotitioh of the waferengagingserfaneialang thesixigofimitiglsasur ed f or ces,

convert the selected pressyre to a .correspondi ng force of the retainer
ring applied Placipgthes E‘Pﬁ‘?ﬁg‘%ﬁ??‘%&?@{h aé:ﬁggrlaﬁ% g’étg%hg a desired polishing

forcesto be 39@%35 pieGsukdl fo Wi RS atRpREAds 18 rethintaaiey 1@ ukderthe ridHagainstiber cal
machi ni ng pol i'shi ng operation by the anount of the correspondi ng force of
the ret ablibrationifixgnraygodi ed to the polishing surface. 22. A nethod for

reduci ng a capse_ of .di £fer B pRAdse. ki thd vaue ¢fliq8escal
nmechani cal poflqrgﬁcg'aofea g‘gﬁéﬁ%gaﬁvfg e&&@eﬁﬁf% 8ent e?’ pr of in[%e of a chem cal
mechani cappl@a by @hd retamr drgtothe fipmrd. i on of the wafer within the edge,
conprising the operations of: mounting the wafer on a carrier surface of a

wafer carrier so that a wafer axis of rotation is universally novable

rel atjve to a,spinlifodasirscint if Ohat 20 Purlier ont@fsaig: spi ndle;  |imiting
noverent of t%e waf er on t%e carrier surface perpendicular to the wafer
axi s by novabkslestingmtpressure to ke applied tothedsivéh and rel ative to the wafer

T ooy SHing e PESWER Firees u0f nd ¥k fROLlic 8 cERiBbAdHE R of e

limting oper ¥18 Ve nobvemen he retainer ring
ot her t hage ek kigk appliel fethepbRehimyeueface2dnd A method as recited in claim 22,

wherein the resisting operation i erforned . 30 confi ' i.near
beari ng conponesi¢asing@ desigad Pé’héFPP%g’E‘Fed?l g%ﬂ’ﬁ‘@? qutpf’ 3’59°I ERBG A dubi
15 achemical machining polishing operation by the amount of the corresponding force of the

retainer ring applied to the polishing surface.

22. A method for reducing a cause of differences between an edge profile of a
chemical mechanical polished edge of a wafer and a center profile of a chemical mechanical
20 polished central portion of the wafer within the edge, comprising the operations of:
mounting the wafer on a carrier surface of a wafer carrier so that a wafer axis of
rotation is universally movable relative to a spindle axis of rotation of a wafer spindle;
limiting movement of the wafer on the carrier surface perpendicular to the wafer axis
by movably mounting a retainer ring on and relative to the wafer carrier to provide a reveal;
25 and
during both the mounting and the limiting operations resisting the relative movement

of the retainer ring other than parallel to the wafer axis.

23. A method as recited in claim 22, wherein the resisting operation is performed by:
30 configuring linear bearing components so that a direction of permitted
movement between the wafer carrier and the retainer ring is parallel to the wafer axis; and

mounting the linear bearing components on the respective wafer carrier and

retainer ring.



novenent between the wafer carrier and the retainer ring is parallel to the
wafer axis; and nounting the |inear bearing conponents on the respective
wafer carrier and retainer ring. WO 02/078900 PCT/US02/ 10153 27 24. A

met hod as wear#esdod n cl ai m 22, wherein the cause of the RACGHHEOUHIES bet ween
the edge profile and the center profile is a |lack of co-planarity between
a wafer plane defined by an exposedzfo-be-polished surface of the wafer
and a ring plane defined by an exposed 5 poli shi ng- nenber-engagi ng surface
of the retainer ring; and wherein: the operation of nounting the wafer on

the carrier syjfaGgad Bchel WEcIR] B whkBiGhe sHAkY/ G thaliitéronBasablvzes fleat i ve
to the spindle axis; and the operation of resisting the relative novenent

of the retigd prefilemhdthectiterprofiis plclabf aorplanasty tebweenfearafenplanedatingddy t he
\Arrl:]; ﬁ;n ,pl: ;B %b&r;g%{q::he&;- _roilirs]l(lgedr)slllggczee otf%\ebvgafecroahg la%?lg rplagu%I ﬁéﬁ}%dcoggﬂiegﬁdsed 10
5  polishing-member-engaging surface of the retainer ring; and wherein:
the operation of mounting the wafer on the carrier surface renders the wafer plane
universally movable relative to the spindle axis; and
the operation of resisting the relative movement of the retainer ring other than parallel

to the wafer axis enables the wafer plane and the ring plane to be co-planar during chemical

10  mechanical polishing.



