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METHODS HAVI NG HI GH PROCESSI NG WORKLOAD FOR CONTROLLI NG PCE? Beiirigsy BR8SSURE
APPLI ED BY POLI SHING HEAD 5 I. Field of the Invention The present invention
rel ates generally to chem cal nechanical polishing (CW) systens and

techni ques for inproving the performance and effectiveness of CW
operations. Specifically, the presen{ invention relates to controlling the
forces applied to carrier heads for 10 wafers and pad conditi oni ng pucks,

and to retaining (i rLd er ply

programably vari kgﬁgﬂgﬁpmggﬁmeﬁggﬁwm@of t he

vafers, pad CONPROPESIINGFORKROAD FOR UONIROMIANG POLISHINGEPendent | y

of changes in the value of the contact areas on which the forces are

applied, to foster rep@PRESSEREMPRIpEIBYOPOLISHEINGAEEADvel y pol i shed

waf ers. 15 BACKGROUND OF THE | NVENTI ON 2. Description of the Related Art 20

In the fabrication of sem conductor devices, there is a need to perform CWP

oper at isons, i ncl udi ng polishing, buffing and wafer cleaning. For exanple, a

typi cal” sem conductor wafer nay be made fromsilicon and may be a disk that

i's 200 nm or 130Qeldor the Bhivanwéer . For ease of description, the term"wafer"

i's used bel ow to describe and include such sem conductor wafers and ot her

pl anar structiyt esresedt ifWitohafeBies bhRkalB’ € UheMidaP RdtARMIEAl BbIRMidY Q@ME?Y 25

el ectronic circuits. Typically, integrated circuit devices are in the form

of mul tisysewusl andttechpiques forf intproing 8¢ peniosmatce\eafl effectivinesshd WP erperagiony.

transi stQr devi.ces having diffusion regions. ar orned. ..l n._ subsequent

evel | | SReHEBINe PSP IYSAHER iees oo bigafe IrScvatied i SEar: A fr

connecjpedafefs § r QRGiRhp N, 68§ 1 RifRhh Mol B seESELRE HedBS b QB Rkate]

devi ce. Pgtterﬁr?gp(fhcongucti\gﬁl ayers are gz Eebrﬁary 2rOOS 2 Sparately
apply programmably variable respective pressures on respective ones of the wafers, pad

conditioning pucks, and retaining rings with or independently of changes in the value of the
contact areas on which the forces are applied, to foster repeatable CMP operations on

successively polished wafers.

15
BACKGROUND OF THE INVENTION
2. Description of the Related Art
20 In the fabrication of semiconductor devices, there is a need to perform CMP operations,

including polishing, buffing and wafer cleaning. For example, a typical semiconductor wafer
may be made from silicon and may be a disk that is 200 mm or 300 mm in diameter. For ease
of description, 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

25 electronic circuits.

Typically, integrated circuit devices are in the form of multi-level structures fabricated
on such wafers. At the wafer level, transistor devices having diffusion regions are formed. In
subsequent level, interconnect metallization lines are patterned and electrically connected to

the transistor devices to define the desired functional device. Patterned conductive layers are



are insulated fromother conductive |ayers by dielectric materials. As nore
metal lization | evels and associ ated dielectric |ayers are f28rHebdiaryt Hi5need
to planarize the dielectric material increases. Wthout planarization,
fabrication of additional netallization |ayers beconmes substantially nore
difficult due to the higher variations in the surface topography. 5 In
other applications, netallization |ine patfterns are forned in the
dielectric material, and then netal CWP operations are perforned to renove
excess netal lization, In a stem a wafer is nmounted on a

carrier wit%e isulgiefEem gfheg ﬁ%‘P‘Wﬁ‘F‘@r 13&‘3&)8% éiéFlec‘Ff'Femé%F‘?lF erASamgre; Hefallization
rotate in aegyd %E& 'a@s’&cﬁi‘.edrﬂEl@%tl‘lerayeT@%reCM?mQJ Oﬁgsﬁe&m&' ﬂ?ﬁaﬂﬁ@'t&vﬁglec{rw
exanpl e, when the exposed surface of the rotating wafer an pol'1 shi ng pad
10 are ur gedattml/amerems;h Withat ma}naaza‘tmnc@brlaatmnmﬁfemdutiimalemn&lwu@uﬂzfmme and

t he polishin r rot LN, a

processes re& g?fﬁ?s S“quﬁlagyﬁodﬁl ]fff%% ue tggll l%gléertgfglgﬁmgf N 8 S’t‘&‘?ﬁ? t?‘?ﬂ;grarp Yating
waf er i s 6ennghdd Applsdaaens) ynetNezaRon 1isd piteriddsle SRR lthd diRRLEIEATEYal Phd
encountered while using a typical CMP system One recurring problemis

cal | ed "edgereme@bEMP appiatipnsiase pesfosmer wHemOo terRXCEVMeRlization. pol i shes an 15
edge of the wafer at a different rate than other regions of the wafer. The
edge-effect is bhfaryatcaleﬁfll‘/li’@dstbl% awnfmi&mblﬂmdmfpir oftiigrewitina Blh‘&cembﬂsemhfer

G aoq Do sl I8F sarfieEatlBeElE R 07 BrEon st il 1Be KRR ofogohs iy

so-cal | ed "tpadhieediQErex dﬁleqﬁhenrtwbbsea@u&dc@m the @othtivipl wattr maRtpAGEhikd pddhe
pol i shi nﬂlpad with the edge of the wafer. Wen the polishi n%é pad inttially

cont act s Hée aeggé tayyard ﬁ@hz@ﬁmf arforce,[iad phan thelsanesad suréce ped) e@hﬂwe padhe
edge, such (P V. pe
s ncn o AT MRS AT S CEnS000es TGV YE
second cat efgee e usedtan éhe'timer the aftdtingefafedd beingymlibhadbyfifie miiklkag pm:curs vvhen a
shar per edge of the wafer is excessively polished as it nakes contact with

the surface of smrazq)rmbrh§rmimygbdoa@boufﬁhiea WERPedif RegpidseCHIC HREnIeGRl e
anount of pressure is exerted on the edge of the wafer as a result of the

surface of eHEripgeroblsp iyralsdy ﬁ@efe@?eﬁte ‘ES}HClh'S\Pé‘FS?dQVF?ﬁ‘I‘Fhe(@ﬁ? sestemypighestant he
exposed r f )
conseque?éeé %{ﬁ% %Eﬁ\%??ﬁﬁ e(:rlfngetﬁi ngétg%hl%gsq?gf ﬂ%n‘&%gtl ?ﬁ%ga% ﬁlﬁsﬁlesd

waf er s exhidbatac@ribagrbry 7 norgutifoatn prefild @n she mo&dwrfa@gmfahe wafes.allhe pfobiems
fabricating silicon.devices. 30 Anather shortcom ng of .con ntj onal CMP
Gystens. | o BPerEETI EPe e A1 R Ahated Priteehgmet HuckadFer TF dhY e68% r e
finishing |@Mek tPhelkslesliedGpsd RBEINd Tl ResBXRL HBGH tﬁ@fnﬁtmeomaczafﬁ@%m;% 2005
3 of a wafer that has undergone sone fabrication tends to be of a different

t hi ckness iRdtHeh Beredes of thgivereranyhemthic aolishing padciritially confacts thetddge efighs. | n
a typi caby COIYE el 2B AD § f &

exposed surfacé oqut heower. u%:gﬁ °§2§‘e§§?er§%gél t?zgﬁh e@:églﬁl%o?ts%hgn a%%%“{felékef orce
on a so- calshepi: "Fherwayhilikg shapy eray ppelotd mm-wiifotrh profitgsemai awpodedcerfatk of e

waf er . 2[ result all the regions of the finishing |ayer are polished
unt i | the frnirshi ng Iayer i's substantlally flat. Thus, the surface of the

pad polishes the finishing |ayer ifrespective of the wavy profile of the
finishing | ayer%h? [E0BP FaEEQR¥ | i dhe h@‘“ﬁ Hﬁ EHeds b pya-off fifcchiongprs 20ep 2 o be

non- uni f or BhapeBige lof Gl watf AR bk &alideMNpARRLd KAl ingfb% chﬁtqwd}lﬁ] {g@%&r ¢ OBkl N
t hi ckness of material be maintained in order to build a working eV| ce. For

i nst ance2d igolishiag ppdhi J hisri‘tgpwi@y@pca]&@e mo@lcwaﬂ’iee*mmt Di: piessper is exetat omithe
t hi ckness t 0. def e es.and conducti

vi as ther ey\%él: %2{% e‘Q%?Iggﬁd Iré}lﬂ? pri %‘Ffa%%ﬁf s f‘ P%ﬁmg nl?:\nﬁ“%? LA S8V Yl
in the CVP @ntacf area af tEM%xpg@ﬂ emfdchaif tmahfeeedeﬁnamssms rad@w@bnmﬂ,tzdl@b | ad a

ol i shing of seC|f| | ted wafer surface reg
g ubst ant |gal ‘fof}s PEIE r?gsh r%‘ ng‘ﬁgth% aegss of F"édﬁ%‘ltmﬁdﬂll?@ﬂ d‘ﬁ’ﬁ‘ﬂs é’F‘F'@bﬂ durn] 5

and edge buik fireffefsafd Sige HfortinsinsBbAcdig sicsSdevRaLent Application
identified aﬂbgeve In sucth| rﬁé\? Par ent Ar?p fclaglmoln eVCM£-5 system fol | ows

the topogyaphy @ahothay @tfort%b%fr@cglsc ﬁth)?laleéﬂﬁs g}ﬂsttﬁrﬂr sfF 1%‘311%[)? 15_{ thseo as
to create a CWVP-processed | ayer Surface whi ch has a uni form

t hr oughout . sugaeshoi@Pwaies along i mosimdeinishirg layer atdfilg Oatinrity, thene@omibsaﬂewet ure
polishing configuration, elimnating the above-nenti oned drawbacks, edge 20
effects, pad rebound effects, and edge burn-off effects. For exanple, one
enbodi nent of such CWP systemincludes a preparation head, such as a
pol i shing head, designed to be applied to a portion of the wafer, wherein
the portion is less than an entire portion of the surface of the wafer.
Although such CwP systen1av0|ds t he above- descrlbed edge effects pad
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need



4 vertical, and includes true vertical plus or mnus normal mnechani cal

tol erances fromtrue vertical, such as those tol erances ty@R2d@bruary 2008r i ngs
used in spindles and other supports for such carriers. As nay be understood
fromthe above discussion of the edge-effects, pad rebound 5 effects, and
edge burn-off effects, it would be undesirable for such eccentric force to
cause the central axes of the wafer and the carrier to depart fromthe
initial orientation and to tilt, or assurie a tilted orientation. Such

tilting or tilted qrientation would occur when such central axes of the

.CU ) ) f
waf er and/ o & Yiafe Hiaf hasy ungleipans sqme fabrirafion iendsite b ofgrditferaninthickaess in the
above- descrd Ii r I by a
unber of dent eaBRn gl yRREITIH GRS R BLAPERS M SPlak onV I AME Syhm, 1Y
waf er and tthepsbsfueiaceerveisghe emir¢ beposad mrfacet ofahe whiat. Swols padosurfiaed istdesiped
during polishi der the agctjqn.of such, eccentric force to achjieve_the
Gosi rad pl ARAPRT AP on reaficd FiBinedaef HEEHEH of hE xmrefsor e SHHENSRbr s
tilting & | Qededalt, gil TkAtepiodb ot ttl:efeﬁﬁmﬁh%ﬁﬁeﬂ hret o@isKbaSintie thePlimOARE T3k QN Of
t he exposed surface of the wafer is to be achieved. 15 The Second Parent
Appl i cat i orfubstantialy faiyThys, thhagaceelthe pad pdishesithy Aejshinglaggrdrespsctivadf thet hods
whi ch i npl t i . t - I ' ; Par ent
Aopl 1 cat | o Bp et R R ihe er AREUS AR MBI HNE AR 1arhl 8 oo

r epeat abl e measifomien$anofcirtilie facicaitnr agplitationeJeqir tuch Gytainetiickaesd of
met hods, a forgag applied to a carrier, such as a wafer orgguck carrjer, may

be accur at SPYeHA R MaEHRIBAIR ofdes il acrPTiige devicss Rog instangs, ddhg fnisnglaytr ed
to such QArdeh dilddufNEyfQRhTRRkKREs W Hfd BY 7lRBPintR e 15 hiRE ndtfl 1ihbEynd
present invention, an itnitial coaxial relationship between an axis of
rotation armnductisie viagthersti.s i s nmi ntai ned during application of the
eccentric force, such that a sensor is enabled to nmake repeatable

measur enent s, aThate prabbohnshef|poioy CMP dpeeatioes @and an andobied @sed ianbe CMP arafdriaer
may be a or a puck carrier, A so, | uch .Second Parent Application,
T i mear beiP aghusE oBitinngb18% bisdikion aad SomtialeiPE tire o eHBFAN: g waler
conj unct i oryupthderegiohd While EBsURLAN i Vi t ' ’ ive
to the wafer nmounted on the car?iye?lgﬁlgﬁg;ﬁq{ﬁg\%&ﬁgeg%aébflﬁgtss’gﬁllrggtgglgeegjeés}%rface
of the whYf emndgdgr urnofffeffeess,afe disrussedimthn Eirstrharegt Applivatienigergiidd byovehe
polishing pad to be coplanar during the polishing operation. Although such
Second Parent AppbucbaFirso PapendWpgBchtion,r a1 NP esysierd foldewsathieowpographyOof layer
facilitate mafkin uch repeatabl e measurenment s of tg eccentrjc forces,
there was. A OLIE GROSH SHIHCS oREFDIO S ot £ CHEpReTHe e aptiaeey
pressures aphithRasviedrform thi€kness?@rJughdud aBNCcIPONP s9stéf Relplem@mts AGoRAkk e t he
retaining ring. In particular, there was no discussion of how to control

t he eccent rif@ sEbapsgyreinqlishingeqngguration, gimingtingyiha gbencamentiohed drawhackaredge-he
retaini rd i.tlani egpoli.shing h ved

rel ati vcra@t oéfft%ﬁ%’ %g?r ef‘:tr)%ﬂﬁtd ﬁegﬁ?tlé’t %’J{@nﬁ%d gbpiﬁ‘?%f ggeh 't Egr %:Xgﬁl 1t 3%?%80%%5% Yuring
a pol i shi nguop &Mt sysem Nmleley arprefidngioa head, sach os di plisting Gead0idesigned b be

reduce the costs. of syste th cqontrol the . eccentric forces in relation
to the chanaﬁpﬁﬁfg’r%gg%ﬁ Ofﬁlf_ \th!t“er‘”?’e{eﬁbthfié’to&f% Hg°sP g, 2naiiTe prytion of the
condi t i oni ngrtheast e wafte POhosdN sigh OREADsyIRMEL ol RItRE htReldBschiBE Wi &ffecit hE
retaining ring, and the conditi oni ngﬁ head during a polishing operation.
What is neddddelayas etfpds, antppesshynom effedtsnise hpplidatiompl sich fpoeperasion bedsiein
appl i ed : rrLel, ck rrier. and t .

r et ai ni nigfprt?hrsléjTgi c])];i @rsatquﬁéscaafrét&? Eﬂ t,%g r‘}’g';" e%%%?@ﬁ%?#&"n tgél?el cggleé\e}g%%fﬂboﬂgh

t he pol i shithy ihe@dntnpoweth respkcttto we intital stichativaf o the ywafekandahe éa@ticr. A initial

r et ai ni ng rcimrég ﬁurqi.n t he po.I.ifhi.n operation. Mreqgver, since such

rel ative noV&he P éré{%%d& 8 pom g%%"?fé'f’ﬁé)é FHLoHERE i Viler anft ohfa@rie ¢ he
waf er, puckwhashr arélcoaaldak®badiflinRd subdihtially deficRNyNt Thd ﬁ?ﬁéald&fén&ao{}] ha?so
polishing operation, what is also needed is a way'to 15 relate suc orces
to the aredPelbdpsawt difiabgrientasiop 4 thetexpespd purfack olitharwafértwhicAddpdsitioned itan

needed i s Y2 rmne.such farce-area rel ations.
Furt her ﬁ)l ﬁmt Zagécﬁﬁ%gpgeﬁg&ﬁp ?é%%t% % @ntmf h“ét#az S\g\%séangfﬂiyc]’%é%ag ofeqalonyg

provi di ng ahe eatuat ates of toi wafen on thé cariedmTte terof “sabieMtLINE idd CmbaisGRie Such
an accurate indication was said to be a repeatabl e neasurenent technique
that may be described in terns 20 of "equal eccentric forces.” Such equal
eccentric forces are eccentric forces having the sane value as applied by a
pad, such as a polishing pad, to a carrier for a wafer or pad conditioner
puck. The repeatabl e nmeasurenent techni que was said to be one which, for
all such equal eccentric forces, the loss of force within the neasurenent
systemand wthin the systemfor supporting the carrier, wll be

. a o o - T “Alz o o ~r- 21 - o



6 contact different areas of the wafer, the puck carrier, and the retaining
ring at different times during the polishing operation. SURRERyuary 2098

| NVENTI ON Broadl y speaki ng, the present invention fills these needs by
provi ding CWP systens 5 and net hods which inplenent solutions to the
above-descri bed probl ens, wherein structure and operations inplenment a
recipe or set of instructions for moving 4he polishing head relative to the
carriers and to the retaining ring, and wherein feedback of polishing head
position is coordinated with deferm nati ons of desired inputs of_ the

Dari abl o f GieGGa: B9 THTEHS CHAGIRG BHoaS MgRs R aPEsamieH Dl e o g
puck, and tRaichEkahNsNBosk thBraféR 1HRRRIRbQkMgIHisd& th spitdleslihd Gt edporik kdy t he
polishing pad so that the pressure on each such area may be controlled. For
such det er riupta€droers., t he val ue of each such separate contact area of each
of the wafer, the conditioning puck, and the retaining ring is determ ned
based on the feadmaykbeofindetseoogdrdns thienapole dibcwpeiontaf dhe edgredifests,cprdchoumdt
area has lue related tq.the actual positi.on. of th ol i shi ng head

e atve 1 YRS PRk Bllo R St BY kg ion WG SR o 48 Big.
Such 15 actih@tenp@bixet 6Nt daRr WiEde bariglab abpinTom MR iMahluicpbtiGpaia 19fildt &e
respective separate contact areas. For each respective pair of contact area
and pr essurassums Hiltedriantagon.oSeahdiltipgen tHied ogiepatiomwped eecusivdien sughsceatialput
to represe ' f ] [ i at rol s
the for co. Dpeot SR VARESRELE e (PRI BRERRHLY Bt AT R 00 060RP o
ring are sapanaltméchanicgaoleianted feomntrae vergtdlhe.ghoy paluimdbi ofydegeds.8Buch hitial

parti cul tinme at %/\/ni ch the actual 20 position is neasured. Further, by
sui t abl ef_ Hréﬁ’%‘rag%ﬂ the eI ﬁ’EFésOf {}E’. ﬁ@f‘?r g dhewaler c3iHerds digrRiepiatian that must
Appl i cati onje, mbiAgi@Al Hidng PORIRhS uRlerSHE A 68 SudNedcbRrit bRl nghiett e
condi ti oni ng puck are megsured. Actual force si gna? S representing the
act ual neagigsied [flanacieationrod thepposed suidaca of dedirdek Th other wordastitingalidvad tyhe

actual forces,conply wt) desir inputs of the variable.forces.b

Shi oh t ho. vePRRE MRsbecyiled 1Ene ettt oR et thereBbasé AR PSRBT itbbe 25
separ at el y pérs@gridvddnt o contact with the polishing pad. One aspect of the
systens and net hods of the present invention inplenments a set of

instructipns f orndacoR@PirBR APlicslbnT0I0 Ry bEIhdde Heedd 1§ ﬁrgﬁdﬁn?rﬁ;ﬁ\hﬁ&ﬁteﬂﬁd to

the retainer ring, and such inplenentation is coordi nated w
det er m nat i a9d gnesiodg edighdgnplampnt splgions kethe abdvglrlcscribed problems. \Wiusthe Baremti ng

areas of th , L tiond uck n he r.et ai ni ring are 30
separatel y ‘ﬁ'?p\é]%%&{nrﬁréﬂg%‘f#ﬁ‘g{utrév\n%[hh%ﬁagl O%So'ioitéi%ﬁtﬁ AE roPpayalpe F’ﬁ%"%bﬁ,”gg%r e
on each sucdf thy @RentHy fdieesC O buichl sy@éins and2Bethedd! biadrye Zied 1o 4 BarABQkk@rasaspect
of the systens and pethods of the present invention, an operational recipe
of basic CNPMBHYrRICK GATIS), dnayshencigichymersyied s etriongty sich fetce iseqsenttipallydi t ed
form of 3dephed REsuMYcaRer! NG 44 8GhtoBin%enP bR GRS SRlend WndGhéhGss JGe HrQEHS SO
guideline is used to determ ne whether a processor alone, or a pracessor in
conj unct i orinvgntipn,cansiapiat goaxidl geledorBhipdretwesin| aar axisvaf/ rotativei and adedraer axis is

i . i1 of..th | i shi.ng head | at i : '
and o the FubAReRABbe S RORRIHET A Ml o e’ Sehiiel Botoieg

pressures, mpsatabirpedserethentefa3idefihddbrsovgfof R%cE@Ed RS, 5@ thel daficY ataly dRlae
forces by which changing areas of the wafer, the conditioning puck, and the
retaini ng rYHY rePUsEsamat efiloUp gudh Sesensd Rasent Application, & lreapbrariasinssgmplyd t o
contr ol 3NEyRREMHIE With £ YR iRl Ameddh bith §Edrbd acRRRE NG &ﬁpfﬁo%no%fn the
systens and net hods of the present 1nvention, 1n the use of "The separgte
force cont rth¢ [riag relaee pathareier mogfiedaon dlri pariéror SIGPmopeg atdbdessanaexposdi t ed

to d | t_that | dto initial ti. [
T O R e T e e s

data as to deheplosiduriagthefpolidiéngopletatibh.ng pad and data representing the
desired pressures, the force controller conputes the desired variable 15
forces that corpAefp@hdsich Sécohd!Paraay eEitAioa’ ploted Qtru&lieNghd 8peatidds e
aspects and advantages of the invention wl| %econe apparent fromthe

fol I owi n%’ fetlgte apaldngs Srehy rensarable areasuiements npfuthet sesantiif tlrcet etharsc waparoyi ng
drawi ngs, ji : i I rincl ples of t i_nyent.i on.
20" BRI F DS PG O Bk A R R, 12 BB BRGS0t \BES b
understood by the follow ng detailed description in conjunction with the
acconpanyi ng draw ngs, wherein like reference nunerals designate |ike
structural elenents. 25 FIG |Ais a plan view schematically show ng a
first enbodi nent of the present invention in which one polishing head
contacts both a wafer carried by a wafer carrier and a puck carried by a
pol i shing pad conditioner, the contacts each being eccentrically with

M o . Y b1 1 T



22 February 2005 8 FIG 1C- 1 is a plan view schematically show ng an aspect
of the present invention in which an initial position of tHR2Febiuagt308§ head
is illustrated, identifying a contact area of a polishing pad of the
polishing head and the wafer carried by the wafer carrier; FIG 1CG2 is a
pl an vi ew schematically showi ng an aspect of the present invention in 5
which the initial position of the polishiqng head is illustrated,
identifying the contact area of a polishi'ng pad of the polishing head and
the retainer ring carried by the wafer_carrier; FIG 1C-3,is a plan view
schemat i cafIiLoRtgi R A e Fetatnmgs r“E%eI“pP"ég‘féﬁ"{r’ MeTPe NS B‘h%}sﬁ“&eﬁf’cﬂﬁ He'o
initial pogintdoPtheRecdnfif Rl Fielio 8 the! Rangdidd/At4stqkb whidEhd feYdiflfg HAS
contact area of a polishing pad of the polishing head and t he pad

condi ti oni syl acknditiening dedgyasathp pokshingy hdad moved rétpie twDRhe wakerathp retpiningew

schemati cal.ly show n n aspect.of .the present inventign in ich a second
oot 11 on ol Aot enfigRRETGhy Sbrie' 3 RRETER orRIRT! rPPiea el BadB ar ea
of a pol ishiseigsipRef Whysttbecdwot ihokg oherenankht icb@roValiecsccedrié t@cks by rdlitnwaf er
carrier; FIG 1D-2 is a plan view schematically show ng an aspect of the
present i nitetei danging wie 191 tthie Waksohe rplaising BRg. gmdt the cpedifieting Jeadoay thes

il lustrategd,. Loyl . cont e . -nol i ghi

pol i ahi g RASHIEHrad My (1" AE wlr? hedifinky (B, ol e Sofiitfie b
1D-3 is a purag apobishisg bgemationcal | y showi ng an aspect of the present
invention in which the second position of the polishing head is
illustrated, i dwehatfsyedddahenQRtaACMPayaem ahd eeftoliis Whith foraek ©fbetappliqaabiashi ng
head and the pad conditiaqgning puck carried by a puck carrier; FIG IE-1is
a pl an viGrraemn s s alvafersoionickCaaieradisb iy a dtalg PR 8k pYch; eaplisit Mk ten 20
whi ch a thij it d f inshi b Sl t ' i fvieng

t he cont ac%écglfag&gf S%ﬁtylgglﬁvéﬂﬁ?g%é%hg@% ﬁgq%gall ?nsdr‘{!egngé ﬂé}gcfggsﬁgﬁ S&ﬁigetr \/\g d(la(r
carried bycartier, wad ectaipangriing fdurlgGhel golighing ogerplian WMoreeveg heinratsuctalrélytive

showi ng an_aspect of the present invention in whic he third position of
the pol i ShAELEAAaYes pipoRPidlo SFaBH PRy EReo R Rl BIBLEagHerehnd

pol i shing Radnia rih%@t BEtksing dhﬁﬁ?th@@gl_isﬁlh% dpelaBibilWhaf isRfo Gdddel fh WYy fohe
wafer carrier; 25 FIG |E-3 is a plan view schematically show ng an "aspect
of the pkerdate suchyeras tothe aseagontahted i thetpiad dt gnygiatticolar tinct Wddiiohallynieedpdhead
is illustrat i tidvin n rea of .a.polishing pad of the

pol i shi ng éiadil Ya‘hgg{Eﬁgfgééla’ag’cd%tﬁg‘.g%“%gﬁ‘ithnfg“’g‘&& rggt%(}r%ls‘ed by a puck carrier;
FIG 2A is an elevatjon view.schematical|y show ng,the wafer carrier of the
first enmbodi nent, il FffﬂleF’a‘t“i g k8N Eptp I‘Aé’pﬁ?allfgﬁgh?iﬁa‘?“isnﬁ‘s@?sie ct $2&s% one
assenbly | igrbiitling abhRcdre dhdiegioh W1 aafaniRhabf MRh FRYRAR orlet YRAMndactRral}
beari ng hou_si_n%, and a chuck bearing plate, and a second assenbly |imting
the direct iiBHCSoOR s SR Do (rprERRIC BeesHEcatent ehmigieihys amyibrgdessrinedindprnsa
retaini ng rdfgqaeadcbitfic Rirdls®: SuchZquileRédit Vo @0me Seds h&c e [Fav t@é S¥AL1Ton
view schematical |y show ng the pad conditioning heag of the secoOn

enbodi ment , value|agappliedibyg daidnwalh abhepelishipg pad,uc b gareisr foor wafariot pmbcdnbiioner

direction q e ive venment between. a mai n.beaying housi nd a chuck
beari ng ano‘I ':1(;)’alc'r'Fll %é ﬂeatg]ilﬂ 5tr%%aS‘E?'Efnté%%f‘@u%wf‘waé‘g%df’er@%swgﬁgl fggﬁlﬁé‘llﬁgﬁq&avi ew
showi ng t heecséntrice fontes) the l@genicsceodithii ehedm¥B i mefiadyktbAran@withiteht isysdm for
enbodi nent, illustrating the bottom of an upper section of a rotary tool

changer ( RTepporipgthezprrics, will her whstentigy sheowarle, sehispeatable. vIWaat israbsni negdedhe
structur ] Arnl er i St L.ant

illustr aﬁ ntg&f’ gpgggo Jgfq’ {eg]ed\?\gﬁeﬁﬁrﬁdgﬁt%}t&o?g% Eoté&\%ééaéra &c%%rg? rg((rii 'b% rEfeétabgc i's
a schenmat i cmedsensmeht tetlmiguafmay eaaacumtely séroniled)sd thadeshesdpdritaaseaafsphac e
for supporting and s lying facilities to the carrier head, and a

pol i shi ng hbeeé‘gﬂ;e“gﬁ?%‘%lgﬁwéd’ﬁg aﬁ‘gﬁﬁt‘%af%rxbff%'a“é‘de ‘ﬁ% B%‘éﬁif“ﬁep g dheopucknands j r st

enbodi ment )bekdenIhd pélisﬂ@glfp@d bhdathe4Bafnh f2! AP Beceive bR siddd’ pedsiie Hurifl GxEN S
and in FIG 4A the tops of the structural elenments; 15 FIGS. SA-1 through

SA-3 are erfoiFljay et ciNUeovsr.ewBatos neadadoissto amely eichidssirest pressure aven
el ement s36 hQ¥bhO Bort & ik ' F T - ough . SB-3 are
enl arged per aé\lft;gect irvgévipge\?vgh%r? }n\g}g?lﬁ%]ﬁsolfg}rlleegdcl)@'\?hnegag% a ésg% Biflea gléﬁhlenﬁe%a[ds{os hown
in FIG 4B;



FIG 6Ais a plan view of the wafer carrier, show ng various |ines at which
sections 20 are taken to illustrate internal structure; Fl @& Fetuay 2006r oss
sectional elevation view taken on |line 6B-6B in FIG 6A showi ng the main

beari ng housing assenbled fixedly with a chuck bearing and | oad cell plate,

show ng bearing shafts of the plate in cylindrical |inear bearings on the
housi ng, and a center of the main housi ng pressing on a | oad sensor button
of aload cell; 25 FIG 7 is a cross sectlional elevation view taken on |ine

7-7 in FIG 6A show ng the main beari nqqﬂgousi n% novably connected to a
retai ner ricaniagiahiiferpr) aptag pbthe sradeni e Packoeriarmnddhearetaining fipgatifigrantitimes
cylindricalgl. I i the housing to limt novenent of a retainer
ri ng base %bhg%gpgﬁﬁ}%ébgf%?r& FIG 8 is a cross section taken along |ine

8-8 in FIG 6A showing facili tiﬁg i ggl&dgwgﬁl ous connectors that

supply fluids used in the wafer n IS a cross section taken
along line 9-9 |n EIG 6A through a fluid_connector, .wherei.n connect or
Suppli es D1 v BrosdicPeaking e e Hanvartion TS RiFek v 25 BRutR Do EY 68 e
FIG 10 i mEMRSE $HER iRflehalki@BluabNg thé MR vdQeskBbéd plobiens Shhdréih QHEGUR

fluid manifold and |oad cell plate, illustrating one of six D water
condui t s f nsraperadionsaiiplagiant 2 eecipieyor sas phinatructinas et meving the polishanghaagd relativg base

for supplyj waf er h er:. Fl I r ¢t | i.de .
revat onal® e bR Fh SR RUEL pind ot oD (RAELR IR pERA R o3 55
the pl at e essdindtddithyekenmatorisf aldsiteddrputs eCihk aarighle foreesAEGyhibh Chankih® 1s a

cross sectional_ view of an en]arged portion of FIG . 7 show ng the retainer
ring base #issak BFWalsigHfifecongitigde puph @A dhe BLATBE T8 dfpeparaily pFRgd VB UM
chuck PriPeorf WhE (EMLIRRRE Bhd Oha WO BISh &l Gen 168 dita Raf bE LiHoNER! A0S
portion of FIG 12A; FIG A 1s a cross sectional view of an enl arged
portion of sueh@eteTmithbanisnthe tviabie 1 eadt slichesepardt gontact aradi cf eagagbthe podért ihen
away fromthe.wafer to facilitate renoyal of the wafer fromt fer
a1 er . wRLIARng et s e obtying g dimiog BESGR R e SR (e 1ing
14A is a Ch@dspdsfivhi OP#th stckWoRthctadte£ Rhh GQAthePelatddOld @E achid pdsitidiowt B t he
retainer ring base in a polishing position to facilitate spraying DI water
onto a baspolishing hgadgefative \ih thearespgetivepdere gongditiningepusk, andaeiptning rings Such

pol i shed | [}, IS JAr t her r i I A;
B 15 1 M8 Bolubiscine K8 {Sodrinfe S vath 7 Hadh 8P he RERAAR Bl Fopt

retai ner i mgasae eadhlrkdpattivatpali @f atntatbile@tnd pressifo \be Appldus that editacbhrexyaf er

wash water fromthe jnside of the wafer carrier; . .
a force signal 1s output to represent a corresponding force. Each respective force signal

controls the force by which the respective wafer, conditioning puck, and retaining ring are
separately urged into contact with the polishing pad at the particular time at which the actual
20 position is measured. Further, by suitable measurement techniques (e.g., those of the Second
Parent Application), the actual amounts of such forces on the wafer and on the conditioning
puck are measured. Actual force signals representing the actual measured forces are applied
to a feedback loop to assure that the actual forces comply with the desired inputs of the
variable forces by which the wafer, the conditioning puck, and the retaining ring are to be

25 separately urged into contact with the polishing pad.

One aspect of the systems and methods of the present invention implements a set of
instructions for moving the polishing head relative to the carriets and to the retainer ring, and
such implementation is coordinated with determinations of desired inputs of the variable
forces by which changing areas of the wafer, the conditioning puck, and the retaining ring are

30 separately urged into contact with the polishing pad so that the pressure on each such area

may be controlled.



FI GS. 16A and 16B are expl oded perspective views of the first enbodi nent,
20 illustrating in FIG 16A the bottons of the structural &P&ebiesy 2988 in
FIG 16B the tops of the structural elenents; FIG 17A is a three

di mensi onal schematic view showi ng the structural elenments of the puck
carrier of the first enbodinent, illustrating the bottom of an upper
section of a rotary tool changer (RTC); 25 FIG 17B is a three dinensional
schematic view showi ng the structural elenents of the puck carrier of the
first enbodinment, illustrating the top of the upper section of the RTC
FIG 17C is a shhmomti spwdtedttefsystaes wafmethmﬂrafiﬂwpre&hoimmgioh,rmdmraﬁdndli nes
a spindle for supporting and. suppl fa Ilities to the carrier ead and

S TPl st atredies TGS SIVIE Apdtions By pstabehed 3 Bne b o pafhmierats FEAS e
carrier, shpwidgel hi\ese ‘?ﬂcﬁft‘l@d Whia GRo&8Gt | ﬂ@hlﬂ:av?heggogé's@& fakahe is uﬁhcﬁo 19A

Is a crass section taken along lines 19 19A in FI Show ng a vacuum
condui t t o dategthine kvifether deiresessoniakugembret nmceasebremp@mjunptsonpwﬁb@rsepar@tn forre
chuck; 2 Fehruary 2005 FIG 19B j,s a .cross,sect.i,on | o i nes
Cob 1op 1% <epesiiehand ¥ dia ikl f sBuEOEE aR Rl fe b RLpl OB e' 0O
IS a cross cagfetd zﬁhﬂ t gHeQRaimbOM, hmd’hﬂé‘co&anﬁﬁoﬂ Witlrirputs b8 theSlasiwdpessures) Ry t
for supplying DI water for purging thetﬁtUCk on the chuck; 5 FIG 21 is a

cross sect |cewptnaki@wrraméhgm|qfrde%reélnmlis 9 hq:ms!abwor%hbwﬁg:htqhéng&%ﬂe% of
condui t exigfly eﬁtﬁ%ﬁdﬁgnlbggu&ug@ tﬁ@FetdlﬁP%nF%g‘e séé ta%er p%ﬁc&ﬁfc& LWagal

view of the wafter carrier en an an e exposed
waf er sur f abepdlishing Gad @Aonirdllthesprestierng etad:irsmeh akasi Xx DI water nozzles in the
retaining ring base for supplying DI wafer wash water, showi ng the nozzles

extendi n at aninldillamngiher 4sped opthangsiéiaind Mahodias theh@ear nv@iiod)XinShe bse
direct the DI water partly in the direction of the circunference of the
retaini ng raf bl separeig, forzs cPrFdlgh hesmargragiere of ¢ resipediRR-MY oReraligns afe iediged to

operati ons defe¥ih bR MELD APis Aed BPrapaRSANhkiMAALA QAng for the force controller,

so that upon input to the force controller of data as to the position of the polishing pad and
data representing the desired pressures, the force controller computes the desired variable

15 forces that correspond to actual movements of the polishing head.

Other aspects and advantages of the invention will become apparent from the following
detailed description, taken in conjunction with the accompanying drawings, illustrating by

way of example the principles of the invention.

20
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, wherein like reference numerals designate
like structural elements.

25 FIG. 1A is a plan view schematically showing a first embodiment of the present
invention in which one polishing head contacts both a wafer carried by a wafer carrier and a
puck carried by a polishing pad conditioner, the contacts each being eccentrically with respect
to a central axis of each of the carriers;

FIG. 1B is an elevation view schematically showing the first embodiment depicted in

30 FIG. 1A, illustrating the central axes of the carriers and eccentric forces resulting from the

eccentric contacts;



FIG 38 is a graph schematically illustrating how the pressure applied to
the nmotor for 15 the retainer ring varies with the anount @2 Febraaly®}005

bet ween the polishing pad, on the one hand, and the retainer ring and
wafer, on the other hand; FIG 39 is a schematic diagramof a first control
system provi ding central processing control of the polishing pressure by
use of a personal conmputer (PC); FIG 40.,s a schematic diagram of a second
control system providing a force controll’er 20 separate fromthe PC for
controlling the polishing pressure in situations in which there is_a high
processi ng wor kKFl§adC-1ms @ plamvipw sghemaigplly $heWing |ap gsrertbef the PIESEIb IVERHPTGR t he
oper ati ons I; t he. : . G S:; Li Shi ure;
PG aza g dR il RN R Bl e s R R N G o SOl BP9

pol i shi ng @fishiag pad ¢fl thespalahing el and theesafafcadadtvgdhd waferscatrizat depi ct t he

i h t f f f ot f .
bperat lons. are G Abr g PeA view Ao HRGoalySEREITRAN AR LG PP ANETIORIR ng a
CWP cycl & @hich B iM¥aC sitﬂ)%_dﬁ@{eeﬁéliklﬁngﬁéddﬁbﬁﬂlswe&, e nRBAirigSthe BehtRAdreh @f a

provide the contour shown in FI 2 il lustrating varying polishing
pressur es pdishing pad/pfghopolishiag heddnnd theoefainer tivg ¢amgd byghe welsutarmi¢rnh a hi gh

' | Y A2C i ' ' i UL .
2 20eesi 19 20, VBkeath SRS b e Ao AL A b RTR B,

a first vawhieh i iditAEYdsitibRSf HedpddEEAS HEad, is illudiatéd; idendfyyngABO SorkZct area of a
illustrati nq, a pressure ranp as another type of operational criteria that
may resul t Plishiag padipf the pRlishiag hepd 4o khegad condiningpyck sargied by a pYgk @Iigtagr am
of timesygduring P &Y LI ' Sind 28 RPLi t Qb waf er
is vari elé]d bet m‘é‘?% ]f fe\sragénlﬁ dl?f’lsgl%tn‘gg'tc iglﬁ,gst‘]g %:n r?p:i“?]l&%g%ptbgk v?géeilrtl aeStl&glelsi red
vari ati on which hesegmdgssitien wi tha pobshrechead ¢s liustetedp idegsiying thanmntas awacf her

type of Op&ﬁ% iingrﬁg ofc tLé })(ﬁ{shﬁlgthre]z?dt anme \Laefgruclag'rieid%y%hch\!vgfgr al;rcl)e(%;e ssing workl oad;
FIG. 1D-2 is a plan view schematically showing an aspect of the present invention in
which the second position of the polishing head is illustrated, identifying the contact area of a

15 polishing pad of the polishing head and the retainer ring carried by the wafer carrier;

FIG. 1D-3 is a plan view schematically showing an aspect of the present invention in
which the second position of the polishing head is illustrated, identifying a contact area of a
polishing pad of the polishing head and the pad conditioning puck carried by a puck carrier;

FIG. 1E-1 is a plan view schematically showing an aspect of the present invention in

20 which a third position of the polishing head is illustrated, identifying the contact area of a
polishing pad of the polishing head and the wafer carried by the wafer carrier;

FIG. 1E-2 is a plan view schematically showing an aspect of the present invention in
which the third position of the polishing head is illustrated, identifying the contact area of a
polishing pad of the polishing head and the retainer ring carried by the wafer carrier;

25 FIG. 1E-3 is a plan view schematically showing an aspect of the present invention in
which the third position of the polishing head is illustrated, identifying a contact area of a
polishing pad of the polishing head and the pad conditioning puck carried by a puck carrier;

FIG. 2A is an elevation view schematically showing the wafer carrier of the first
embodiment, illustrating two separate linear bearing structures, one assembly limiting the

30 direction of relative movement between a main bearing housing and a chuck bearing plate,
and a second assembly limiting the direction of relative movement between the main bearing

plate and a retaining ring bearing plate;



FIG 42E is a schematic diagramof tinmes during a CVMP cycle during which
the relative position of the pad and the wafer are changes22iFebmaty205ng
possi bl e rates of such change and a relationship with | ow and hi gh
processi ng workl oads; 10 FIG 43 is a flow chart illustrating operations of
one of many polishing steps by which the systens of FIGS. 39 and 40 may
provi de respective central processing confrol of the polishing pressure, or
of f-board processing control of such pressure by use of the separate force

controller; FIG_44 is a flow chart illustratin perations of a second
step by which tHE gt amgleygiopviey @é@mwahhghom il P svfdg‘é?nfftgsl&éif’f i
control of g Lheg &%ddﬁﬂérﬁ,ﬁllﬂﬁﬁﬁ%gﬁéar béding 4RudtSre ffo? HREARL € dit@RBh MYt

t
servo systemfor controlling t force applied to a wafer polishing head
usi ng a di fapesneant betveen a mpindsaningchovsisg and a fhuck besging andlosd eedimdateic di agr am of

a servo system antrol li.ng t.he farce.applied to a wafer | i shi head
usi ng an el ect r%ﬁaafi‘éf p dbrge glggﬂ?lgna%f/ B wﬁﬁ@“”ﬁjfhﬁl Si\r%gmgaéﬁféﬁﬁsgglg}eagr am
of a di f feweRf tatiedf thd K SmMbedifmy st alisidig thaotleh bSatupPet Bectibie oRPPREGL US

shown in FIG 45; and FIG 48 is a plan view schenmatically show ng
rel at i onshiopkchangar BTEhd, the wafer, the puck, and the retainer ring as

referred to in . | - . {
Appendi x C. 25 Ffa’?éﬁﬁ%?@%@r é)ﬁ%g%@afg{h%%%]&%%ﬁ@%&gf%%ﬁ%@%ﬂ%%ﬁ‘E%EE’ERRED
EVMBODI MENTSafncdrrisrer thedirsti embdémeni, biddtrdtor the GMBf s yaduemchaeckd net hods, t hat
provi de solutions to.the above-described problens. Structures and
operationsoﬁ%ﬁP@ ™E>set of instructions for providing rel ative novenent
bet ween fge pol FRNiEYs he@EmAREvViERNST ARWAf& arrRA&héWiRg it dRhdMines h SfindIe fokhe
relative novenment is in coordination with processed determ nations of

desi red i npwpsartiog andhsupplyingddilitigsde the satpigr had cind e potishing keadias of the wafer,
the conditionin uek, h etaining.ring arg.separately urged i.nto
contact vith t e Gofkenf B SO G P RRPHL DRuSbiE R Bhfohelil ARG AT
be contr ol IneFAG. EBrthe botorebehistadiianslemedte avdirUEIG 4 Aethe hosughhs epatiiile
contact area of each of the wafer, the conditioning puck, and the retaining
ring is i nflEM&MSy 10 determined. Each such contact area has a val ue rel at ed

to the apgjual ppgist 5@ Bfroddh®sRA! hsin¥ged perspective views of various ones of the

structural elements shown on the right side of FIG. 4;

FIGs. 5B-1 through 5B-3 are enlarged perspective views of various ones of the
structural elements shown in FIG. 4B;

FIG. 6A is a plan view of the wafer carrier, showing various lines at which sections

20 are taken to illustrate internal structure;

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

25 FIG. 7 is a cross sectional elevation view taken on line 7-7 in FIG. 6A showing the
main bearing housing movably connected to a retainer ring bearing plate, showing a bearing
shaft of the plate in a cylindrical linear bearing on the housing to limit movement of a retainer
ring base mounted on the plate;

FIG. 8 is a cross section taken along line 8-8 in FIG. 6A showing facilities including

30 various connectors that supply fluids used in the wafer polishing;

FIG. 9 is a cross section taken along line 9-9 in FIG. 6A through a fluid connector,

wherein the connector supplies DI water and vacuum to the vacuum chuck;



head rel ative to the respective wafer, conditioning puck, and retaining
ring. The actual positions of the polishing head are nmeasu2@deb®an2st ual
positions are then used to determ ne the value of each of the respective
separate contact areas. For each respective pair of contact area and
pressure to be applied to that contact area at a particular tinme TN, 15
processed data is output representing a lerce signal. Each respective force
signal controls the force by which the respective wafer, conditioning puck,
and retaining ring are separat_ell‘)i/l urged intg contact with the p_gl i St}éﬂﬂg pad
at the parti cul BiG-flf iea srossatecygn @ken Hengdue 9 10,8 5107 o thraugheilyif spnifqide

pr ocessi ng, of : J Qs it I<Shd ead
positions ?81 1\?\7{1 ?ﬁlﬂgitg’elgt&q{agﬁ?ﬁﬁeé dr}glsxblpﬁéltglr %ﬁlﬁ?léct a?%alg%}ﬁfﬁangdogﬁugg%? %r med
by a cent r abdeles bya aetaimiog Begsbase fosuppdyisg BY whigr Wyshawdterr ce control | er,

according to op tiqnal criteria in I.Ocessor i del i ne. . The .processor
gui del i ne rel at E@tlé 1} ASTISBIEO gsﬁlrec??eé’gg?% v%rqgﬁfgea%fucgﬁaarwnggo s&d to
det er m ne pRARLN@kratifEthe Rl RleniH QORSERIvs X MEppeieclidiEoffRORBESOr N _
conjunction with the separate force controller, is suitable for processing
the data represE&LilR4 ishe crosy sectonattyéevo gbemtentoresd Rortianesh B(25 phoyingEicude
the Ui m g fin 3k RINS 0 Rl RYIGRLES RULE The Faifly on RE SEEHALALBAIRSor 25
one type ofc Operati-onal “cri a t'hat may resul't” Tn a high processing

wor kl oad. fathe CMPospeadtions) alhefid FIEK i 2B isel faitkereflaideé podibe oBFIGMIRAN t he
position of the Pol i shing pad chan?es_ relative to the wafer, and/or to the

pad condi ti oni nFud isEctone pectipial Jigw gbae eflaazed rROREA: of n Sipadng dheg

t hose of : d i i t :

forces olnd %‘éﬁae"%wg@g (rjn gﬁléis% g%agg (}2 8&2@ r? d%?o% éhepwaagﬁﬁgif%@#g%g%y g%ﬁ ngihteﬁ'ghﬁgf orce
si gnal s r epresknwalagcarha, whereialFIGEESUs e durfhor edaged poragpefiRda. 13ga 22

February 2005 1 back | ogop t.o assure_that.the actual conpl,y with
the dest red i npfics A Fr i3y RPN 86 B FritkptO PR He b 7 FGnE (Re
condi ti oni RehifiGlng 6 it APolidim Pusidnrth FELiG@ spRyh@ PERAEAbRb Y bhs@ef thent O
contact with the polishing pad. In the foll ow ng description, numerous

speci fi c dweir [whilgrthe suposed pyrface pf ghej siafer ds pplishediewhpreint gy dtBHs a further
under st apgdi ept,rdnvention. It will be understood, however, to
one ski l e%ﬂ]?r%%%%ng:}?{ﬁt%hg%&t he present invention nmay be practiced w thout
sone or all of FIeds isletcedsk sectibm tabbinelong tis¢ a5 ¢8sn FiRI6GA thrumigh ther @mfRs ing
operations and structure ra e not .been descrjbed in detail in order not to
obscure t hBaSHrHUER{INg A RYHE t1 remesnng slyryandPlnyater wish waies fromyths jusiderod the |
schemat i calhier gftaum a first enmbodi nent of 10 the present invention,

i ncludi ng a subaperture CVP system 200-1. The enbodi nent of Figs. |A 1B
and 2A incl udesFispridpanad i 6B erer expededoperppsiciighiviegyshefathe o emhboglimén,
confi gured. | i. r-f.ac f r 6 nt ed a
carri or SouhSie TG (RABE BSR4 Gt Pep Bl AEC 1B UL e

waf er s desstruchesl eddmenes;, f or exanpl e. The polishing head 202 is designed to
polish the surfg@fp]§04_ of .t he wafer ch utilizing a polishing pad 209, 15
whi ch may i ncl uli& pddsisdoirereslmprsinaal soognpticdF™ FRRRING TR siructumst clementsaply cvp
pad materi gleSuck tarBe X MeABk VR HRRlskrRfiry th&bStion & ﬂﬁi&?éraslecticﬁlw ahad
material that enables the desired polishing |evels and ecli sion can ge
used for t kel pwaeadBTChs described in nore detail below, the features for
maki ng repeat ab nt. f the ces identified belaow, redu t he
need for“the ma g(?'in‘[g?%%% ﬁggt}cﬁ%ﬁlgsl snagﬁggrﬁ%ucc%er‘rﬁp%r?g é’fgetlh? %Fucﬁggﬁ%leﬁ?eggﬁ o1 the

t ol er ances pék dirie uf the dird embudimeneil xt-ting tiaftop bethp Oppes Riction bBER202, and of
t he pad 209 on %ﬂﬁé[}ﬁad ZOI%F@f,or_peétf@rm ng polishing of the wafer 206, for
exanpl e, or for iR g SERrEabigaieroel the WRET carmial sherag in dashedlingsiagpindisee
arrow 209R}or@té§56%gra%aeﬁﬁﬁﬁﬂ faeinidodthe ANES héaD amfingdtfati tﬁe%lim@%ihe%&z and
t he pad 209. neral |y, the head 202 is nounted to prevent novenen

paral l el 25 to §UehlScisaxian viawed tilpuckedrrize, showing lines alopg ehishtsectipne iravet

ei ther teyarg Qf.,away fromthe respective wafer carrier 208, for exanple.
Anot her notion of the polishing head 202 and of the pad 209 on the head 202
for perform ng pib.iloA ing cafss sdedomaker alafblinek ADASWANRAIRG. 18, sheWinghalduupg t he
head 202 and he(ﬁga]g gqgn‘{?(} be conditioned, is novenent horizontally (see
ar r ow 209HfFONdut 1o, ghygk for fgtcrminingdvhsther thspuehhis pepedyen theohucks FIGS. 1A 1B
and 2A, for exanple, that a force nay be applied by the polishing pad 209
to certain structure. For exanple, a force FP-Wnmay be applied by the pad
209 of the polishing head 202 to the wafer 206 (and thus to the wafer
carrier 208) at 22 February 2005 15 different |ocations on the wafer 206.
Such | ocations are indicated by the displacenment DF W neasured fromthe
axis 212 or 214. These notions may occur at any tinme "TN' during a CW

_____ - a1 Y - . oy Y

b



10 The subaperture configuration of the system 200-1 introduces flexibility
into the polishing operation by utilizing different or samd2febmag200at es
on different regions of the exposed surface 204 of the wafer 206. Unlike

t he above-descri bed conventional CWVP systens wherein an entire polishing
head pad is in contact with the entire exposed surface of the wafer, in the
subaperture CWMP system 200-1, at any gi V?F time TN, the size, or value, of
15 an area of a contact surface of the polishing pad 209 (of the

preparation head 202) .that is jn contact with_t e sed surface 204 of
the wafer 206 mey" &%%quﬂssasacaioﬁt m alope tips @Bﬂgﬁéflﬁ)f?'e&dhgwé%tem 200- 1,
by preVent{iHﬁkﬁ@éﬁ%ﬂgO&ed%itﬂtﬂéclﬁfcﬁ;par ation head 202 toward the wafer carrier

208, novenent (see UOp portion of arrow 233, FIG 2A) of the wafer carrier
208 toward t he P6. 28hs agrosesettio) tikereglohg Hndsr20adihinyFlfg 18, showing arfandvidfdry t o
sel ect ed rﬁ@i‘ons]ég Bgo R of .t h& ex oserri1 sur%_ace 204 of the wafer 206,

ther eby r eHBUYHE ‘extRESOMREPE dF S G FRE: sel ect ed regi ons 204R,
exclusively, atFig.paidd Gosakctioh tked Nong Hidsl2@I21 iRFIGNSWMIowihgFl G 2A, one
such sel ected regi on 204R of the exposed surface 204 of the wafer 206 is
di spl aced WerhcuyAL NVt ¢Xilng a bpse altBepuckicarries] ati ve to, a central axis 212
of the wafer cagdd . The. .r al i ! tri i central
xi s 214 of t ol nit SigssarudialhEslor B Gurercanlc? yRBRERN gk hulchihed

di spl acenett expodeliewdfer aefae®-iNVHIE. bAdiilbatratthghthrdeFef\V¥ix VDI ofter Siormes inr td
hori zontal ly.in FIGS. |A 1B an A It be understood fromthe arrow
209H t hat ‘te%’émb%lﬂf‘é?i‘%’? Ohwalwg'?ﬁg@fewa@a%ﬁ, sbrigg fhe nogeles etiengding at an

di fferenfo AResSof plhdtehdSha6de8hd 8GidNRis 24T eef thi m“@&pgw@ i el 6Bt st
Referring to FIGSP 1C-1 through 1GC 3, 1D-1 through 1D-3, and I'E-1 through
| E-3, for (e cosumipteace efifbsretaiiing Bngint ones of the regi ons 204R may be
identified accoggin Q. th ructure.that, contacts t.he .pad .209 o h

pol i shi ng head ‘.g%’%hﬁ%lfgh&iéeg}ceagwo%ha Q%%I“P‘é%%“ s erﬁb lgrvém&‘ésn@?h?ésy&
referred tmeassenmwationar eas, and are generally identified by "AP" to
designate the 22 February 2005 16 contact area of the pad 209 wth any
structure. A | efepR8iis? gapfosrhematicapy illustryngihgiahepigssues apphied iedhemotor for
struct urgs (EQkta £5ARRE: Sarie: ! j F t.ar " APC'
desi gnat est a ptggl- con%i %rileosﬁa\r!l}g{:] tr%ﬁaé{ﬁa@gﬁfg‘é@ag%gg{@gﬁﬂf ﬁ‘%ﬁb{%@ pég’sﬁg}lhaet@g a
pad- r et ai neandy amgheerimee ting psbwafét, oo thetdtler Waldge, or anount, of those areas

AP of such cont .expqgsed.regions 5 204R w ]| vary according to the

val ue of the di E‘Sﬁt §§é%g‘ﬁ’eﬁﬁtﬁ(ﬁgg’iﬁ“’a?,f(?o&raﬁ?ﬂ?gotﬁyf‘ﬁmt%8“&‘1”5%??{&?PFR‘/’%??’(“igon,
the val ue gintRMBILAE pdshinB Preldtird BNIRGL PHESSIA &mfYerfPCp function of one or
more of many variables, or may be a constant value (e.g., a constant val ue
during the ti meFiGh 40 cishematicedingsgm gf Cagoord coniol systparpreyidipgia forpueontrplder a
pol i shi Vi ] I r APW
Vari oo T e e et ap M Pe RoP R e e ot P iE MR Bons IR it BERS 5"
t he waf er B@Bprogsssingevorldpaded according to the anount of novenent of the
pol i shi ng head el atjve.to.the wafer 206 mai ntain the pressure
applied to the g‘?’gé‘ﬁAﬁ\%ﬂé’&nﬂ?ﬁﬁ‘:“%ﬁw%%‘F“?fh%f[tﬁfi;f’?eéﬁimwagyédﬁf‘ewﬁ@m of
constant OFIG/&0k6esrold BE pPlikhpRye&s@é; description, it is to be understood
that each force FP-W is an average force applied by the polishing pad 209
on the cont act eflaAd4 ianpichematicecrpssgedipn2loviRy ofigwafsr eveirleprededryagpolisbinge i s
said to oJc HE=Ta ke C 3 PW.. . rase "initial
orient atéisg @,’ mlthi?grgt\}\% %%&?er?i cls'.?in&a edglfé%e?g%%t%éﬁﬁh@ a od\]/‘%-s l%flreg’gc(’?iqbgodl o i%rfat i on
t hat occur expasedsutiacen THERVIfp s tCNER bperationt enepadonmed; At t ouchdown t he pad
209 of the poliﬁm ng headh202.f'.rst e?g%%eg t he (glﬁgosed surface 204 of the
waf er 206. Thus: Caf~Ph%? SPRBEAHCHE RS 3 ayriey GMF\pyele dpgpecwhighpthamales) i ed
by the padisp@fshen by it paatieng piGe plovide R RtcRXBNGS FILS 40N, ﬂﬁ;ﬁ&%ﬁlgs}midgs at
time TO, and later times during a CMP_cycle nmay be indi cafed as tinesTl,
T2, etc., BRlishingguesyyies gnoneatype of gpefaiigngheriteria thebmay refubtiing gk peeessing
rarrp-up,w‘ggrl@a&?,npl e. FIGS. IA 1B and 2B al so show that in the use of the
subaperture contiguration of the CVWP system 200-1, at any given tinme TN,
such as tine Tl FIG H@Ceisnmychbmatic dmgiaat bb fimes dutiez 2CMP zgclefduring vanei aet
area APC ofr csopet%é:!%i gqt gﬁen Fhe surface_of the polishing pad 209 and an
exposed sufface R0 A4 BRfLHF AYFTEHSE LOMa dIFYnyalis foud est desired presstion a
pad conditioning head 220. Such tinme Tl is after the touchdown tinme TO at
which the pad 209 first contacts the puck 218. In addition, in the
subaperture CMP system 200-1, with the polishing head 202 hel d agai nst
novenent in the direction of the axes 210 and 211, as the pad conditioning
head 30 220 is noved toward the polishing head 202, the polishing pad 209
contacts, and applies another force FP-C (a conditioning force, FIG 2B)
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15 210 that is also vertical. Further, in the same exenplary situation in
whi ch the polishing head 202 is designed to rotate on the ailFsbmiUilUﬂét is
al so vertical, the initial orientation includes a fourth initial
orientation of the exposed surface 216 of the puck 218. The fourth initial
orientation of the exposed surface 216 is positioned at an angle (a first
angle) of ninety degrees with respect toj4he initial substantially vertical
orientation of the respective central 20 axes 222 and 224 of the head 220
and of the_puck 218. In the phras i nit ori ntatJo as u Ny n

2ppl | cat | oRCSaE Acirepsure P BF ancihes vRfed Gt i B et ety ie
orientati offoltdigthg ReA=a; at a tinme TOPP just before touchdown, which also
refers to the tine TN when the pad 209 first engages the region 216R of the
exposed sur f aceFIf1 82D isthechgmatic gdipgrantpf)gmendutitgea (GMB cydpmuring mghighsthe
initially no forc y t Kk
218. Ref er%rﬁssupe" aéjstlé:f ﬁléerzéa{el: S%ang@eéap% dlﬁgre@ tl%g[?%@ggxcé%%fnggr&? bg' eggtg i on

i n whi ch 3 dRirgd vinsdliod ofha hradSde i it espaned tinte, pedsadre ramp ta eanathes typt oft hat
is vertical. The CVP system 200-1 incl udes rrultl pl e |inear bearing

st r uct ur esCEERioRRFritesia ”Eﬂ‘tn’taﬁé“\%f‘e‘i‘hléﬁpﬂcéﬁsméﬁé’r P‘ﬁ‘ ‘a general sense, the
structures 230 pgd Q22T Ehkhﬁﬁc[ i gfalﬂ mnﬁl@@@at@gbt%m ateatﬁtt%wa fige 30
eccentric forces FP-W us fa FP- W appli ed to he waf carrier
208 may bereitive pasigdly ofretaspﬂrdedtd ths waidén ave cchankgew,eillugzating tphssibjé ragesc bf fuwhce
FP-Wi s ecge entrlcall% %lleg% l}:l%gruar 2005 18 to such carrier 208. In
more det ai thanggnd relgtip AR hipd prosg H}gewqrhlga% ovi di ng of the above
defi ned mrcur at gid. adiCatibw Bhdf mattraaﬂ?uﬁemwns sHi&e &mg?mmmt e?@bf&rhi&t
Describing the term"accurate indication"” in view of or exanpl e,
the ref er ethecsistemp @ tFiGs. SSSnangs ) mmsrrovide: Faspestize weiTaberagessingi eatol af ther ns

of many of I Ve EP- h [ Tl er
ime T2 nabsEing PGP, & e hoieE Blockssint Moot M oRGL ot or il ABHAT)
whi ch t hostrequalrolexenpl ary forces FP-Ware nmeasured, the neasured or

i ndi cated value_is the zlgrre within a very small tol erance. Such equal

exenpl ary eccentid-#41ide daw qhprt W‘ﬁ?r%tl%tﬂﬂetaéﬂnsb)?fﬁ ResORH PR RY Mdichhe @G@“&So t he
vwaf er cafy b€ anfiab %tmta re%{kctiv% chPtr(ﬁ%f HRQ6istiqedsliel as mechani cal
devi ces, the structures cause soO amount (referred to
as a force FF, BiG.45fivd @twmatldrbagwnlét:) S@ffo Syhenefquadmteidmgphfafoyceappmdttp iac
forces FP-W eJo riction. In this context, the

referencedw?eef)ggtsmﬁlge ?Pelggl%r e‘ﬁéﬂ?rﬂtaeﬁlﬁﬁfe&ﬁeﬁyge@ne whi ch, for each such

equal exenpl ar yFEE A6M 4 icheth@icCadriin Of a k6o bydesm 0f ccflﬁll’oﬂﬁtg"ﬂfe fokdehipPliddnd a
measurenent system and within the systemfor supporting the carrier, wll

be subst anVpisf Polishing headysingjanglectromagnshie pressurey@eBf or e, 15 by provi di ng a
mini mum gf  mechagj 6alis $LEHGhEE i ifbien @ R ALite LAIGE thal 7 t he
structures 230 and 2:5,82 as descrlag'g el 5w t erfenb!rs no oer ceaFFa%é‘H&ldn t he
carrier 20®ithWkiapharhlwashesvnonFG.edcindsepar ate bearing structure 230 and 232
as a source of the force FF for a particul ar respective neasurenent. The
structure EBD48fipn platanpl echdnsticaly shbwirig rt:latlarilsﬂupe»c eetpad, the ritaf@atheqmioponent

FP-WYV 20 of, the force FP- e 206 and to the carrier 208
at the | ocH4t hﬁ‘%‘?ﬁf ryng a%tﬂge\éﬁtﬁr‘? o fﬂt @HHIP g"ﬁwaf’mgfaﬂt%é Forge fFrogram sgtderth in
orientati oppgéndtxh€. central axis 212 of the wafer carrier 208. The linear
beari ng 230 assures that the structure of the wafer carrier 208 is not

al l oned ¢ nove in an undesired manner in response to such an eccentric
force FP-W For exanple, in such CWP system 200-1 such eccentric force FP-W
is not allowed to nove such wafer carrier 25 208 nor the wafer 206 rel ative
tothe initial first orientations of the respective central axes 212 and
214 of the respective wafer carrier 208 and wafer 206, except as follows.
The exception is that the wafer carrier 208 and the wafer 206 are permtted
to nove only parallel (see arrow 233) to the initial first orientations of
t hose respective central axes 212 and 214. The arrow 233 is parallel to the
vertical conponent FP-W. 30 FIG 2A schematically depicts two of three of

the nultiple linear bearing structures 230 in nore detail, and FIGS. SA-1
through SA-3 , and FIGS. SB-1 through SB-3 show the three multiple |inear
bearings 230 in nore detail. A nmain bearing housing 250 is provided 22

February 2005 19 with a first set 252 of three |inear bearings 253. Each
bearing includes three sl eeves 254, each of which is nade from materi al
sol d under the trademark FRELON. The FRELON material is inpregnated with
hard particulate material for both low friction characteristics and

i ncreased wear-resistance. Suitable sleeves 254 may have a one-half inch
|n5|de dlaneter and a Iength 5 of about one and one quarter |nches The



As described above, FIG 1B shows the initial orientation of the wafer
carrier 208 and 20 the wafer 206 before touchdown of the p3dFobrgayZ§0phe
exposed surface 204 of the wafer 206. Thus, there is initially no force
FP-W applied by the pad 209 on the wafer 206, and initially the respective
axes 212 of the wafer carrier 208 and 214 of the wafer 206 are vertical and
coaxial in the exenplary situation. It iggrecalled that in the exenplary
situation, the polishing head 202 is designed to rotate on the axis 210
that is vertical, and applies the eccentric force 25 FP-W(FIG 2A)
vertically downwardly ) PESERITTIONOF THE L REEEREED, L NBODIMK linear in the
direction of the axis 210 of the_poljshi ng head ang (?f t he a‘[yai s 211 of the
pad 209. Thus, Amdveptiqniseseribediqra ¢ME;sysiem; andymethqdse that provide Solplens; ig,|
conponent  FP, YN Rbcritl gro%ffeﬁ?sntgtfuemff&,raﬁ@ op&a¥RRRbictnt Hsdi e indRh&lone @R and
f three bearings |inear bearings

to the carrier 208. In detail, set 252 o
253 assur epovidang relativeohemeacof betwendie podifking bead ané the Z@@ierssand dhe rataingnang.t o
nove in §nrund§§.i red manner.in r(ﬁs onse to sucQ an e.cctentr'gﬁ force EP- W
Thus, the FISRVEIQYTRGY Inincogrdingien with praqersid deleamippiions pf desired BIRWS fle s
not nove siighaviahlefoead bl 6Fhid8oristt ardde ofahe iwaQf tRXemBttionAk tpueR| And, thehi ch
is parallel to 22 February 2005 20 the initial first orientations of the
respect i verctdHEg HNg aRsepararoly aFgedantg contagtiyatly e pelishingeragdae drat gheriressyre 208 and
waf er 206. r Ntk ; EP: i.nWF A

bt ing.on §58 sEerf 84ty pb BERAREENED! Gk BbElmin AR The ke BOUN MRefRrafel

t he mai n bemtachgrehfi®heigof26e vaafiet, the doedieotieg ptick, asd theerepning tihgds indtidllycal

force co nent FP-W/. The force conponent FP- is . therefo a net
o e O GRS Hinde ot SR ot agiachas pPhlop raiied terba ocinl pasiion b pelBIng
mul tiple |jaaelaReard N whpddaid Watkr 28NdARnind Puel] Nl AMiRRS amﬁ.%ﬁaeofactha_he

| i near beari n?s 253. The array 265 is configured to divide the operation of
t he nul ti ppasitiongedrthe awtishieg deadiereumessu@0 Sntho agiualt positins rige ahephuset! toengt h

in the direction of the axe 2 and 214 and snmal| diameters relative.to
the. af amet el 8¢ vAF oEHRR f 8PP St Sl oRu5 ok Rt i 15,
Mor eover, stucdhiddt \ekcai M proGaiee®d bdr@pplicdaarthNedntaddsred 28 aOpartibifarStithbl CENIT €S
230 at uniformy spaced intervals around a circular path 266 (FIG SB-3).
In this lrapiqessseddata isouipat wpresetipg aforpp gignrl. Each rpwectys derce rigpal rgnirdathe220
rotate, th ' . L I J-0dl vidual i I for
el &, || S5y 55 il e UGRE NI Bl b apd 1R SR D ooty 1)
oper ati on wiged m& ORcysh denpdbhirg pall 3t fhlb @arftionlaetih@TMAt vbich tikmacaual paitioael |
263 (FIGS.., 2A and, SB-1). The |load cell 263 may be a standard strain gauge
such as Mi&r*fliffber LPU 500- LRC sol d by Transducer Techni ques, of

Termecul a, CA . Tﬁ‘fﬁ‘prb&ﬂ@in%@f fhe GRY répRekentehg! tRALbr&E it RY tHePAAhiY hdali PRRIBARUL
zero pounds of force to 500 pounds of force. Mdire preferably, a nore

accur at 20 Wih respers iige resliias feriadharcas ary be performed bin gputally B oPIoeEssisout 400
pounds of i 0. i and
"oad cel | pParetyRoPrdaondalcr satang bRl et i roB AU e, b o0
under the protéssor gofdetifrerefagas ¢e the PewdPofi so@ssirgewonkload 0andaniyuiset @8d tot déeermined

cell 263, i.ch outputs a wafer |oad,signal 264 (FIG, SB-1) in response to
such mvenﬁﬂ?tﬁ‘?r tﬁ& Cg'g?i PIOSESO e OF ths fﬂ?ﬁefSBF H §° CP%'hwftﬁéh"eﬁ%’s"@dgFC@gi ons
204R of t heoritvafler is3Ufabld B pRoeBkHgahe &ﬂ@?e?fﬂs&tﬁﬂg@ﬂ@ﬂdm&. Phe BYctitidHAI®RRaY! d

be applied to the different exposed and 2S contacted regi ons 204R As the
area APVgomay fsludg dhsmingd varions obepliskigs oressupa4Rg) prsuissBopsS asroneeep| e,

the force e N e : { pressure be even.
Al ternati nggﬁ’/é/r %%gégc%grl%%%gﬁ?@h%%%pbr{1g\é1§%hr E’%ﬁgs(g)@ g {%&Fﬁéd'f o@ﬁg ‘f—*ﬁrﬁfpﬂ%y be
cont r ol | edcriterimseldte tdchecraresdtawitich the positign ofl theofoliphiog id ciimgéOretai®e V@ Heat i on
of the cont a%t area AE’V¥ dto have the amounts of pressure conformto the

pol i shi ng PPE&L0P/Ar 91ths padeondifianipgpyck. Fp._\w 30 applied to the wafer 206 nmust
be accurately c}gntroILed tﬁ)éprovi de the desired polishi n?. Such control
takes into consFYHEERt PHuliahle seraswrmeny isshniauss (Bvethesst of rihe [Secandy Baeaton of
the arr oy ApRkate)i M atif hig ) ' - 206,
and a resul tglglof su)ch 22 %r%ggeﬂ%‘%}g%tggﬁfgﬁéél{ggﬁgc%\lltg{r%&rﬁvﬁc%ﬁech i's
t hat the vEkiagedof Actel foreeasignalyvepesenimgdhé hcetnanmneasped doses iatzeabphiod eo faul | y
bel ow, processing of the wafer | oad signal 264 is performed and a force F
applied to the plate 260 of the wafer carrier 208 in the upward direction
(FIG 1B) is adjusted as necessary to provide the appropriate force FP-W
applied by the polishing pad 209 5 on the area APWof the wafer 206 to
provi de the desired polishing pressure. The |inear bearing structures 232
are described with reference to FIGS. 1B, 2A, SA-1 through 5A-3, and SB-1
and SB-2. The main bearing housing 250 is provided with a second set 270 of
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travel of 0.050 inch of the retainer ring 282. The bearings 272 may be the
sane type bearings as the bearings 253, for exanple. The r@2&ebmaryra00§
bearing plate 279 is secured to a retainer 15 ring base 280 by screws 285
(FIG 15). The base 280 is designed to nove vertically as limted by the

| i near bearings 272 of the second set 270, and is free, for exanple, to
nove t hrough the sanme anount of travel (?4050 inch) as the plate 279. At
the top of the retainer ring base 280 a retainer ring 282 is renovably
provi ded for contacting the polishing pad 209 e retainer ring 282 is

. .Th tair g
t hus nount kedtrek lappye atsyre thatdap aseal fbTces epmply it the desypdhInpHig o ¢fic variable
i ndependen : ' o i thel RE&iKiRE & [ 1
engages. t rioroes By ofrih (6 Liieh B LB AE Mk nc NEIRE Bhiale (G degdhtiely
repl aced fwurged inicnentaot withrthe pslidiyng ppdseni ng screws 289 (FIG 15). As
descri bed above, FIG 1B shows the initial orientation of the wafer carrier
head 208. The hpabe #08wingaleidipton, MemeRuipreificidenils rase fa@Dinavrderttb proviieai ner
ring 282._  The retainer 25 ri nﬁ_l base 280 surrqunds and is spaced fromthe
vacuum cRut khopesh updersiapding Ak fherRreigniigyentiony dsvihBe updrriecde AgAEED 1By Fhe
pol T shi ng gatke2R%ngldh i 4 GriteliGhvarbh 2y PRSICE LARGw BB &R ok ng

pad 209 inparts a force on the retainer ring 282. The force FP-R is

eccentri c datdils. r bepthet insGintdse waeli sovh2profess hoperatidnsr angastricare 208 ngyt beent i ne

TOPRR before to chgov? a& wh'lch t he @ad 20?.of tt he polishing head 202 30
engages t h&SPEReRidriall nfdes ot o ohseyis BF PEGT HYPIY surface 284 is
vertical. The sRefeam@ t@Brs. SAJHE hiETA Beré RecheMaficA1B shbwhd fidd embs@theaisd t he
retainer ring 282. At such tine TOPRR, there is 22 February 2005 22

i ni tial 1P the preserdnyeption, Apshndingia ppapeiurg GNP ysiew200he Fhetembediment agFigg2,
and respectjv he. I ! I: 00 and
otai nor i orbAS EhheIBHES R AR c4RE, B phifiree R DR i ik AR o

Si tuati on, pdlise apodxpsdei ngrilkea2426f2a wafed @96 ginetltedconr dicarrier 008, tsheh axh Sva2érO
that is vertical, Thus he polishing pad 209 applies the eccentri¢c force 5
FP-R verti €4Tifly Tasmfsaﬁeé e he et e witer deseriped dposdor Eameleal iy polisis
structure Z3d JounCidsRnad loboliftEhe 308 BON 8f th@%va‘fé?QO@QHHﬁfééjQﬁSlﬁdhhﬁqmd 209,
functioning of the structure 230. Thus the structure 232°1S resistant to
all excelt whichemey dadludsoppisnenid byPLIRvaroPolishers Tedwelogy i (EPThrotirFRENRP apad| | ed

to the retaiper, rin 82. In detai.l he.set 270 of three.hearin | i,near
bear | ngs. 234 e5uls, BRE {RGrveoPa BhBide 07 1S Bingily B oo S IRE e LR Gle
to nove i nd&ited GokishdRsleverd antBpia€isioh ka 08 REISRI iR FAICINSANASERbEd h hefeCe
FP-R. Thus, the |inear bearings 272 assure that such eccentric force FP-R
does not ntkieil Belew. the feafvies for making sepeatable appsusemendy ofghesforcp identified brdow.r i ng
282 is per L. Y} b | e L1 al, & R

ori entaton ar traCelRY Ta RELER son PRISOOTS chliperafic (h blnil dfranges

whi ch ar) dieseusseallbeloss a result, the eccentric load FP-R (shown in FIG 2B

acting on the rgtainer ri 282). . m nus, t,he force FF relatin he
structure 232, ’§° tnFoglt?gfog;}ﬁ%&’oﬁ%""{gméeage?togi AR Ofi gp%le%(ﬁ Ay e b&ag ié)%gtf%[s t he
pernitted pafdringfy pdlBhHE FORP RN 20605 VexaBlSrdri 100 ehabling @R pad\ 200do6RB, for
exanple, it may be understood that the notion of the retainer ring 282 that
i s |initedctifitioned.ds faitiog(gee2erow 209R ) aroprshssppctivt ca-waalpges D) asdl A1h of hsf er
carrier 20 i I JHqt t r

[ Tnear ot e 3 gne e 202 Shclaig B PREF AR frolafid Bty AR URES puealy

pl ate 2625 tnsiich keaxia tazésizl0 and 24 1 bieartd pepvphtabeveRight cifibeiowianktar awaytform 220 may

preferably_be provided in e.formof a sealed cavity, or nore preferably
in the formBor “ée‘ﬁﬁ%ﬁ%?'f@bgmff)ﬁ?’fan@f& an el ectronagnetic unit, or an

el ect romechani cahothty inotidh 5Dk Holisigy hed Jo2nmarof MRS pdd 20001 theSHR@EN0D BorF| GS.
SA-1, SB-1, 7, 12A, 13A and 14A including a pneumatic bl adder 292 supplied
wi th pneunBEfamingpofiskiagef e wafer 20@)for sxamalehonler prabling the head202std ihe pad
FIGS. SB-1 : : I | at ' vi ded
W th an anaa o e ae g d® A P kRt 2P B, B B sh BB o
290 is s gomithekyowus 2t adFIGg. AP ynd2A ttheefample] (1203 foroe triag bblapplbarby292
at differept amgunts ressure B) according to the amoupt of a desired
stroke of p‘ﬁé’ og@’é%%ﬁdoi?gg? c?—'iqm g?’%ﬁﬁ%‘e,ﬁorreé?%}’lf’i% r‘E"ﬁFf@?y ‘?%Ppé‘ﬁ@b![f& a
maxi mim st pakeoobs thegobsiaspsad22 Wake bafed 206 (AHACHES (B8 W& ati Rl 08RA! V-
Such maxi mum stroke conpares to a 30 vertical dinmension (or thickness) of

t he waf er 206, which may be 0.02 inches. For purposes of description, the
plate 260 nmay be said to be fixed in the vertical direction, such that when
the fluid 293 is admtted into the bl adder 292 the bladder will urge the
plate 279 upwardly by a 22 February 2005 23 di stance corresponding to the
particul ar stroke of the bl adder 292 resulting fromthe pressure of the
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10 retainer ring 282 in one of the three positions, a disengaged position,
in which the retainer ring 282 is away from (bel ow) both t B2 Febrfuery 2006 and
a carrier film 298 nounted on the vacuum chuck 262. In the di sengaged
position, the retainer ring 282 does not interfere with renoval of the

waf er 206 fromthe chuck 262, and the pressure PBis lowrelative to the
pressure PB required to position the retﬁgner ring 282 in the other
positions. 15 The cross-sections shown in FIGS. 14A and 14B depi ct a next
hi gher one of the three positions of the retainer ring is referred

to gener al differgat logatiopppn B Wiler 788, §P%0%P%ﬁeé@1@§§d}Y tB’éﬂlsblé‘FeGW“I RF¥t a| l,
may be ar f L4l wgh ra

pol i shi ng %g%lﬁ{elﬁofboq??et %1)(2@%)25?{ ?gn%b&gﬁﬁgﬁg?%gggéﬂjﬂgg??ﬂ’ t%?)%I Ffsﬁh?i#gﬁ%ﬁ t he
waf er 206. CMP dyhies Aptiine SN mgefpmai toitelow @rgengpléyr designitaasy B9@niodf tinkeeduragai ner
ring 282 is or co

(exposed) %Gp’ﬁ;%yé e2®r4é‘6¥lgt%|ﬁ’|ee ne{jﬁ%ﬁ%&le Reheteny, ar%ﬁ“alfgl (¥ne TEB‘E 5y upﬁg by

pol i shi ng PESiHILRE bPa BEMbRNEE2hn AGE t3R1ITMTor b hReM@heT! Zaﬁege&n@twhg efided by
an inner wall 303 of” the retalner I‘I(E? 282, and the surfaces 299 and 204

are copl angad, 20R§nﬂdteedafelt2ﬂ6rmﬁy3be reiens] togAelatie mOWmMERbhgrECey e Bads2oangn i n
which the petain i r a 0|t|on
Ui tabl o fBF Tan It arEr Jo8 SRRHEER: 4o B B et e
vacuum chugkfe? 886 Wi bk hﬁo@)&l @.galﬁox%nﬁahg wal @fe A0 209-WRK againtk tHorikdigalaxi s
212 of the wafer carrier 208. As shown in FIG 12B, in the nmaxi mum up

posi tion, WREREL pheral edge 301 of the wafer 206 remains surrounded by
the i nnefy wal | rid AMshot SHEHRG Cind

the ret al ner ruﬁggi'g‘;f |r£lﬁ%1 °§f’/€é“? %neifpggégagu?gjgce%ggﬁg% t'ﬁ‘eﬁl%f e‘r %86 to
facilitat epdabing aperatiarc bylgtlhheg wiffegant 20 6ama rdnﬁeabmnslonZtﬁﬁemmt regiong h£thd0

retainer rin r tall ad,. force FP-R act

eccentri ca?’fpg %’ S”tr*‘?ée &@flaqf F W?f?‘ng%Z l%{ﬂi% '8¢ qRovey eﬁ‘éﬂ}’édt‘}%"“r“i%lﬂbalz‘é%l’
eccent ri cabysdmsHHeRN RN edthe pblidhBR heEpId B ES cohlzt A8h WhLediifAExobR surfde of
February 2005 24 novenents of the retainer ring 282 and of the base 280 are
only vert i thawafgrainghe sybapesturyeMbhiystem) 208r), eranataivendings TN Hde sige pa valug.eof
central t

e et BB AR e RGN b RERLPR D
conponent &i?rt:RV vafh tHEECprOﬁeQIESLEﬁcRZOJI hﬁ tﬁ@m@nemﬁ EByWrybEIImgidﬂiﬁi@W’hri theFl G

2A as a ri n%ﬂl oad acting vertically t he retainer 3

t r ansf er r e3Pt ﬁMPrﬁéstP@tl‘é?PﬂePy Pieﬁﬁf“‘b‘éé‘é"’?@e‘“toé “Ierféeﬂaé"ct‘&f’ﬁé‘r‘ %QZngbeéan ng
plate 279. medv@a@er affer Izo@e@aveﬁa@h %0 RRR bERrAMIDYRE. DA Ur R TNk EhGr 2A)
to the retainer ring bearing p % that supports the shafts 278 of the
| i near bea@higwagirthe pPhighing hveéﬂ%eeaulitsmggpﬁlvmgal fotre dPsWr anly ivatelegiel yegions
verti cal 0L G Vof the force FMl effective
to nmove %e re?ﬁl{ﬂ%g};%rsl&ﬁm aé:%gsj?gé 5 “édf?rh%%f PLEPR ATMOVING e I glar%s "Phe 10
vertical cthoposebietedrBRibhé Zif4Rt Elﬂ:ltfslvlagr, bﬂﬁﬂarfi@ﬂﬂ&mlr_dafﬁ. Fhﬂhérhh§shﬁﬁzﬂﬁﬁﬂFIGt he
permtted venent., of the retainer ring 282 in response tqo the faorce FP-R

(i.e., Pt syl atlecdtd regiop B4R Rf theaxpossd surfase 20 of He vwalsr208 i displacedy 4)
i s coaxi al hi¥idohta(l2 Bdnd, rEB\"%cdv.fsﬁltrffchf‘t?laﬁw@;"enf% g'c@lﬂﬁltl '391'9 2§§)0f tewRer Erfileshe! nent
of the chuck 262 and the wafer 206 on the chuck in response to the

force FP- Wﬁ(ﬁtrabams El?elsmon@@trnconltlpalcaittaé bxis 314 héthue nvatfttraEIOGmametilbgnh@tarnhe

axis 21 2 hi i.ons of the

r et ai ner22 ring ‘%5825'0“% th@?m}glgﬁ men ﬂ‘éﬁgg%eallﬂg@ %dz?&)eﬁz’yf%i?“{?&i'fﬁ%ﬂﬁn?ﬁsé"ﬂpmr d
force F (Fhé&izoaB)ly appiGedAt QBtd’mG 2. atiena68: GidetshddWadne theCafdw 2092 et (iR 0. .
according to the valye of the area APWof the exposed and contacted region

204R), it H%RFE‘B‘@ R P TBL o aprizoptally agd eeptacs dibtesent gnaseof b selacied regpise FM
appl i ed byopdreofthe poddQulffcelng@ retai ner ring 282, which will vary the
force FP-R applied by the polishing 20 pad 209 on the retainer ring 282.

For exanpl e asRefsovmg to H1Gy. ©S:1 thiyugh BC-31 (01 thilonghutip-3140d3LE- l[h:du@ﬂﬂie’ﬂ@dsr

ot v ) SR Ry Berent s BF s VPR 2B a0 8 P R0 et O

right, therhal bantatsriae pid 26 of thap@ihingiheadd02y aftes, t0é alehEofthe fegRIRB04R are
over | apped ?b{%@i ol i shing pad 209. |n one exaggp as the value of the
over | apped® eﬂ‘/&’f poconfgel preasy@nd ARstacasratholentifiqd by “AR’ igedesigaate ths keep
2% the polishing pressure constant on the area APRR of the retainer ring
282 contacted by the polishing pad 209, the force FM nust be varied as a
function of the relative novenent of the polishing pad 209. As a result)

t he above-descri bed polishing position of the retainer ring 282 is in
detail a range of positions determ ned according to what net force FMV
rrust be applled by the reta| ner r| ng 282 to t he pad 209 in order to achl eve
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15 allowed to nove in an undesired manner in response to such an eccentric
force FP-C. For exanple, the head 220 and the puck 218 are2p&ebruaryed09 o
nove only parallel (see arrow 312) to the initial orientations of those
respective central axes 222 and 224, which are coaxial. The arrow 312 is
parallel to the vertical conponent FP-CV. FIG 2B schematically depicts two
of three of the nultiple linear bearing g¢ructures 20 310 in nore detail,
and FIGS. 16A, 16B, and 19B show the three nultiple linear bearings 310 in

detail. Th in bearing, i ng 306 | ovided with t i
bear i ngs. oMl 4k Bhivagas ADLRGRT SWESYF: AulerEds ufeddn oaP] 6 siatetid) o
316 have annoReR fRLLAM 38 emnﬁlepejww”ﬁaudigﬂhhw pdaswartie et J, LAPCY

cooperate with respective shafts 320. The sl eeves 316 of the |inear
beari ngs 3dedignstys b ead-bendimmingvdie cottpatisese, AU\ adesignpecd pacreBangriring,  of

depi ot od 1 forcEEh b B valihel A8yt pRBEFRAr AL E AR BB R

shafts 32020mRywilesafipdteordihgltd) theSale olnB ARplademde DEFWhed above with respect
to the shafts 258. The main bearing housing 306 is fixed to, and carries, a

chuck 322 of thi® preardaessdiith gt gesarlatveadion, teevalrf Ok agwantcaf theepolishi®epuck

218, which ' vyl i shi - IS, SUP] t he
eccentric rggggﬂgﬁfggaggﬁﬁuﬁ%}ogg@;gr ﬁﬁ}eﬁgnﬁgB&glgblgggﬁc yI ggé%{ﬁ%%ge lu%n t he
puck 218. @ dasestadiedlualdonieg thEtifde id Bhhaweptofie OMIP tycld is peif@ntedt Tows, &fr t he
pad conditi oni head 220.and the puck 218 before_the p 209 of the

ol Shi g HedNDE P A RO e aapDab. 5f el pe e gres BEEY Sesibe Wl of16 o
t he pucki(?dg forge quwafy ited@yithd pdirhink BRI HIBRB theatsr 20681 bk Sadidli dck@lding no
force FPC apgqlel ed by %e pad 209 on the puck 218, and initially the

respect i velogheamomp opmoydmenhelbe polshiag e gelativedo theokaleri206 4 maipgain theal i n
t he exenpl i i It | i R.S .Sl Lon,

pol i shi ng 5%83%2%?%%%%;3’5 i aé%aegp?%&ﬁ'g{ag?ehgﬁ&f: %gleeglél 15"1 1%5}%?{%% Ili %Om\glg?tt?rcal ,
and at 5 awyiesffoi fpdsesretdebitiplipacirt ise e ahdstsosPthateqaph Yortd\EP-8V, A€ Bl hvegageOr Ce

FP-C (FIG 2B) vertically dowwardly on the puck 218 and the head 220. The
structure D¢ 3plipdly thediolishipg pad 208 @nothe copactedarer AW 06 Hhsorsian 2pR.apdof

this eccenfufd fefuff fofceibsdid ﬂ)?tﬁe!;{pﬁﬁedta‘?tﬂe%ntgy ufttfiea Apwdetail, the three

| i near bearings 314 assure structure o ead 220 is not allowed to
move i n an undebi theghrmsn fipitial prieréatpoiistbe herd tinhiakndesigoates theabbor-descitRdC,

Thus, the linear hearings 314 1 ur hat. such eccentri.c, force FP-C does
ot Trove st se RS Ried SO W elnd up OBV Al e rdghR ci pad 20

paral | el tefth&folisRinkinadd B0 Bl cAla el the Rkpdsb@surRSH 204 dfvRe wHPBE 70, BNESt dd2 and
224 of the respective head 220 and puck 218. As a result, the eccentric

waf er | oadippI8PPstheikrs intigygo fome I8 Wingpligd intbe pad RODasthe whfer 2964 In the
corresp i r Foud t.o ot i i,n i as
The. vort1eal Ehar et ropoh g ot PP B AEp TR RATE L MIEURN ey 8

cel | 324 (mdicsed2B tink8H1, diddet9Br tifites TapAt, atel o desigsae times Tt durirzeprpwode
bearing and | oad.cell plate 308. The permtted novenent of the main bearing
housi ng 306 PR EHSBY™Y, or actuates, the load cell 324, which out puts a
puck | oad si gnaFIG26A (B éad 3B Bhe shbkethhtOiadheCRk lof hé4ubip¥riie chitSusARR offhet Ne

| oad cell 263 and the |oad cell signal 326 may be used in a manner simlar
to that of CMesysEEEZWel.|at anyygixen time TNygughyas liraeyThs thergemasbles e vatiationds then, i t
istob of . r

carri er o oy moponp arcanbE R A Bk HEERSe SF feliilin By 48 Slg an
of the deserpobaicuitadet 218lof @pobshimgt padrcondigoromg yuck 20 & adbamtey pn b ped corditiondrigi on
not taken., T ction.of tilting is npt tak becayse of €.

above- descl ag?&&o%‘écﬁ‘g{%%ﬂ{ ﬁfahf‘rh@e fqquécg)lw nﬁﬁ%eref%ﬁ V@P&Uﬁ? H?%@Qfg gfcontaets thep g
3120) for pxknplse. In2AdiTios, HVRe Sibap@ e CMEL syster900-DNhivh RePolistarl Weddnohe
above-descri bed features that facilitate maki ng repeatabl e neasurenents of
t he eccent R§l¢ 2gaipst apverpenpin the direstipmsif dhe 4xgs 210sand|2d &, asrthe/padengnditioning head
faciliti I fRrr . i t hire) 3 f or._ ot her
VP oper ot ons b Baa (iRl N, UE RERARENGR DV TBRLE S SpBles e

i ncl ude f aendtherifegse BBEQafconditibreng froes, F1E 121) onR62 selé@ad legiohes1633&Bhd piickt he
bl adder 293' fq.ﬁi | iti eqs 33882f1§% the 30 . retainer ri ng 282; and facilities
338 LC for “the Mostiedte] reeigs 216R srrrespepd 1 fiescorisst aed ARloy Paedustorelsckd cvp
operations without interfering with the CVP operations. Considering these
facilities 338 of the wafer carrier 208, reference is nade to the three

di nensi onal views of 22 February 2005 27 FIGS. 3A, 3B, and 3C and to the
expl oded views of FIGS. 4A and 4B, and to the enlarged perspective views of
FIGS. SA-1 through SA-3 and FIGS. SB-1 through SB-3. FIGS. 3A through 3C
show assenblies of structural elenents of the first enbodi nent 200-1,
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FIGS. 3A and 9 show the bottom 366 of the upper section 342. Four ports in
t he upper 30 section 342 are provided for the facilities 338Femupiy2005port
368 mates with a simlar port (not shown ) of the |lower section 344 to
supply the DI water and vacuum (see arrow 348). The port 368 receives a
standard conical seal that extends fromthe simlar port of OQhe | ower 22
February 2005 28 section 344. The DI wates 348 flows, and the vacuum 348 is
applied, through the port 368, past an Ori ng 370 shown in FIG SA-1 to a

nozzle 372 sho F] G SB: r eaded t.o.a ort. f the
pl ate 260. reﬁ‘loég%g féh%lp'ié %#o%hgles?é c?ﬂ B‘Eﬂ‘?gg % aﬁ)?ﬁt%?:f‘ﬂ\‘/ﬁefl ol ar
port (not ShowRd rditve thecdndlsixis 882 bOMe P44 coiAitfoART Head 220, BUhivRisedo-H8a€
arrow 352). The port 376 has a seal 378 mati nglvvlth a standard conical seal

(not s hom)ntlu hatntek axinddd of berpucke21$i Ay showpdn FIG 2B, He displasement of therfomas,

The DI 52 11 art I in
FIG SA 2 f’f)cg %\é\%@}r@a%‘f %‘F@ AR éﬁ%@@ﬁ%ﬁ%‘éﬁé}t@ ﬁ%ﬁ@@%"lo.
The nozzlse288ed 1ss;et\t=ereﬁanl=eﬁ(es neY asd mr eadedonedrahd, 34 tief axihzl opdfahe pdBhing 10

FI GS. 3A, SB—2 and 10 show a third port 384 that _mates with a_sinmlar port
(not shownhopd 3P2+ Ae dessyibed above with rwacttte *Wﬁfﬁ’FfPtWé’e&gra“(aé’%@g%Wm%)

The port gg hown)
e s T A e B s S A e
arrow 293) regioon@04Rnapplicth tlid1eg1pnnr2161§84 past an Orl ng 388 shown in FIG 10
to a single out fluid connectqr 390. The r.39 hr eaded .i nto
1012 thr Saded phiihehdb U sARR SR apeliny RO dmy TR dTS P Bha R SHE  SE0E et o
to the i1 @troddoRihe Hgs Dl@bEEls AQRvertibie, &l gh@wﬁumm@GQB Qlerd Bealsd b tHifal 346

i s connected through the connector (not shown) on the |ower section 344

whi ch mat eeriegiatien £ ﬁhﬁgwq& H8xwd ré dhopad eanditipatngihsady Z%r {Thisninitiak otignation
section 34 e o V. I tact
with 20 el é(cz ;-%Lca con aP %@H%&ﬁ%"@é%l ) sniazacogﬁ%e%: Qéa@ofﬁx\% g@ﬁl n
port 402 oidxi¢ b4 upﬂerpnfcealsonTt&%xtxth&rdp@tdntaﬁGp’r’s hﬁ&leaaxsdmm dlar 2imaie, &hown)
agai nst whi ch ﬁhe connector 400 is urged when the plate 260 is connected to
the upper $@&Piosubsipatial SV%S’/C*‘%WJQB%H‘F&WESIH%}‘%?@QZ povasienesbto ietaty oyiedxiti th a
keyhol e-ghafipdlaiQkiko 4Q8cath fi¥ther Nn ﬁe@am@%‘x&mﬁﬁygﬁﬁﬁﬁn o Q}HCH% Jddbshienplat
260. The port 406 is [arge enough to pass the’connector (to permt the
connect or 2® ﬁ@@Slg@d o vaate oo thet dxis HOrthat 40a¥o veMticidribleimitou Odﬁﬁatmmtlmlutk:s far om

t he connect or,, 40! t ort 406 | oad, cel | lifier 410 .5
R G anoluh e PERn g8 Siest Swearhabr it Pusn T riouiianiiy e
| oad cel | Zfchtadiod drah€ieXpsed Berfaafab ik Qastic@ldl atSdngfigle DAt lhike) SPnReghows
t he facilities 338C in the formof tubing 412 that is connected to the

nozzl e 372d%gmeswithgespect fpathe jinitighsyhstaially vemigal Giigatatipn af thegespsetivecrsatralel |
plate 26§ a,@ggzgg)m;ggmo@gw%gd %ﬁg@ﬂﬂé@;@gﬁy t hrough a through-hole 414 in
t he mai n bearing housing 2 shown In FIG SA-2 and extends to a

push-t o- connectIntllhblphgtsczélmnetbmnmm@” shosud inrhiFlagplic4ton, Tieeworlieidslbrals16 i s

threaded into rt.418. dri.l l.ed into rt 418

February 2%@ a@?@ﬁﬁB?Y %es?rr.pgd\?ggﬂatmn ‘H%&“fbﬁ%ﬁ Fl“OﬁﬁgusFBefgrer{ﬁeﬁh]d%\yra 420
(FIG 15) @hichhsocRisekt2the tirfle TWewhon theSgatli 100t st Sifdapachy megiin D1ER BY meat er
348 across an upper surface 422 of the chuck 262. porous | ayer 297 is

nmount ed on®XPREFIYHRTE SlGrof sheepugh 218.Tihus, afythe time TOPR theggisiipitielbanastoreedrB-Gor ous
ceram c ARG 28) BN ores 297P (FIG 7). The

relativel y | ar ge )atﬁgréed;%tgg E{Tltlfoirdg\elé:nzshé %{aggégeways t hrough which the DI water
348 flows or t hBefmvgfum 18 Beri madrptp | FI6d 241 amh tohtbe rRempladyditd@dn Hhehitlarige

pores 297P un for across the.e e area he vacuum chuck
262 and t hBs ISEmﬁl '{ e vacﬁllgﬂ?rq‘i{) NN Hﬁrﬁxfsﬁ? ?dséfﬁ'inﬁgls'{. tYPEMar ea

of the chugto- Eﬁ'ﬂ:lud& fiultipld Mneat b@nhagrsgmhemma’%ﬁ%zwm Mafehedr% MWRL gh 2348
all 10 across the area of the_chuck 262. Further, the | arge size pores 279P

are not soSINEFahsensEohe shuctush P3¢ and 31 farilitae making ueneaable ingasurgmetss of thee

waf er 2 t u ofpar t e & es in
i oot coneashie; DRePTERY, VRO RAEL S hobfll o warll Kt S Bl
297P may pheshratadbingadusdeasddfiaediebqyerevesitwegh sinbl foroe EP{W &f @xabligall applied Si ze
in the range of from about twenty to about fifty m crons, and nost
preferably about thirty to about forty 1S microns, which is significantly
greater than typical ceram cs having pore sizes in the subm cron range to
one mcron. FIGS. 7 and 8 show a carrier film 298 provided on the manifold
420 and extendi ng over an upper surface 499 of the porous |layer 297 to
further evenly distribute the vacuumor the DI water 348 across the area of
t he chuck 262. The film298 is nmade frommaterial sold 20 under the
trademark RCDEL as IVbdeI Nunber RF 200 The film 298 IS prow ded w th cut
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25 vacuum 348 fromthe manifold 420 across the entire area of the chuck
262. Al so, the layer 298 serves to keep particles from conla&ebnuaryt2085 upper
surface 422 of the vacuum chuck 262, and when washed as descri bed bel ow,
avoi ds contam nating the wafers 206. In the operation of the vacuum chuck
262, when the wafer 206 is properly nounted on the vacuum chuck 262 the
axis 214 of the wafer 206 will be orient coaxially with the axis 30 212
of the wafer carrier 208. To hold the wafer 206 on the carrier 61n298, the
vacuum 348 is applied to the third port 384 d to the chu ni fold
420 to redgcuch rarigh € Jnamers distally e SEH?‘FT"'@F?&F‘P‘L?%%“a%*h'SC Pé‘ﬁ’ﬂfﬁ’é%l rT&]‘éssur e
al | ows ambjiod d&fn%@%éﬁ’u%té AdicHi&forlah GmbRiRk sl @ccenttie thREFRAYY 2005 30

agai nst the carrier I'm298. In this proper nmount, the wafer 206 w ||

bl ock all of th@quablsagb@\m tdccumie mdtcatl i vlwzJSFIQ Rds fphexmlesthﬂwp
of the | aye ave ignificantly reduced. f e

t he waf er rf&é chd trepﬁgtg cfﬂeafh rn?{& lerge %?y |%% d%t%‘@?‘tm eeqno'?) fprgés'@t J|;tgned on
the fil ms288miphr RecdAEPEW WhiaK frdin ¢Hel tBid R kO Mnotlidh@inki T2 hdvewqualtvaliesie By
carrier film298 will be nmeasurably &reater as detected by a pressure

det ect or 2Bopreset @ves@n, iepdh tine Thgnd e at which phase gayab pxeanplih forpgs KRPepre34s
is fed und SSUr, t 0. e D
vater 348 Trastied; ‘?’gn“?etaﬁde}e&ngﬁt“?% %d}% @E?ﬂgwtb@‘r“eigg %Ldig%@rﬁé&l as%ﬁ 297,
and from tdypal eweeiplad Ecdehtrizufghces 8- Weaare hppliefliynth p8lishirgg puddzm tohthe wafar

206. The DI water 348 el i m nat 10, the pressure d|f rent across

Waf er 206, CHENEIBET PHERE{LR tggsuw%ﬁwctdﬁéateﬁetethm SYiRgs: éﬁ%%tﬁgc W $Fes3 huter
waf er - coftf #1309 Gifl ¢hdsR $6mO hmbiiR (fé?errtrel:l % asJc d fomezﬁﬁor & ft‘fcﬁbﬁfer&l ﬂ?o@fhc elaﬁalDI

wat er 348 through the pores of film279P forces slurry 4 out of

por es 297Pexgiplang efdehiric2forces did- Wftfo ltehbstt |st1cﬂm @9@&: ol felam)rngln thas v@!d@mmh@huck
262 in prep:; ratl nfor olishin th of t

R A s R S T A B R o R R R S R R
accunul at i @.-memﬁc pérct IFPLWS the N oft fofee IH @fthid Qe WResurdoart Wat@h a2 6vithén HRUNt ed
on the 61n298. The DI water 348 and the removed slurry 426 flow.into a
central coWS&MiREsuPPelie thofartefoWill be mybsgntially the sape, d.es hepratable Therefare, es
338S forg %}E ViR Xilﬂfmrﬁlﬂﬁ' oPhel¥d }'lﬁ)ﬁl s%%gtbterﬁ%méen(?hé@@ hﬁhﬂfoﬁégFngh@%ﬁso

i s provide n SIX | engt one [ ength being connected t'o one of six

outl et s 43@ruwfurgsiiB30rmadi282 h:ddes&ﬂ)edﬂabwrrﬂmef i8Ind {38 FE Xdse indtbe wgviar 208y wthiuhoug h
the 20 opef center OL t he bl adder 292 a?t the en center cgwthe ai ner
ring pl at e®3%8 Oy, ea¢h SRRATAtE DEMEHITEN S ?Snb sopser plthg; fpyee FH E3space
bet ween thﬁarﬁ@ﬂﬂlréﬁéct{%%aQﬁ%CQBO and the Ioad cell 263. The retainer ring
base 280 is shown in FIG havi ng1 inlets 434 tapped into an inner side
wal | 436. Six sTbnstiugiues %304§1t cEpmBplerip Wsislat wralloxesnt y veriigaleympanent FRIWV
around theod BRGHcE FeW g T from
a hard eng? neefrlﬁrng pl ast |pt1:wélg(gthe ‘%‘%} Qﬁ@g%ekogﬁlen\%beﬁrﬂz?gragdg goteaértlkog'?ﬁlg 8l 1ine
t her mopl asedcentfio hvytﬁmcspmattetheahmalsfuetmrmstapmt gfferhhyémbamselﬁpdfhlltﬁa\lvﬁ&19c$@érd

under the RTAL PET-P by Port Pla rovjd i mensi onal |
otabi o 1 i Q0L BEANCR N A asias tat B SWHHEE GRS wastricatio o of st Alpweds

that connegtifiowih Bn GMRsiddd hilet BReEpHBse @ sicH Rh BELABR forlE €PN, F@tlé'(ﬁmﬁéz nl S
supplied through the s ndIe 346 and to the manifold 382, which 3

di st ri but esich KMByysigat &)0-Behegcenttis foweaFPHY innot pllpwerhiosawesnech wmfet ¢parier
fitting tlon t he
et ai nor2y A ndsFaiplAeaBifal il it G5AEkR A SHBRRARRR A0, or
t he waf er 21&621143)f¢h11)llesptanve wifehairiicr @08 ahd wafek 2Of)edeepiad follbhe ThpexkOflioaf t he
ret ai ner rc}ﬁ (?Fli'f’ The ret@ hl’l n %@ge 280 s al so shown sep arated from
t he vacuurﬁ A {5 wafsr gyrier %éﬂ thy xyier #06 e RpFmitigd 9 mave %nl&ﬁ%faléei See AHRVof
the fittingm)4stheantial RlsebSerdadibnd Sf ﬁgﬁ%ﬁfe@tﬂret&n@alFﬁ@sSMﬁlﬂ4thk Rrbiie
side wall 436. Each passageway 442 has an angular 5 configuration to

provi de an?¥ptar@lisl tarhs vierisalgmporint EBYWY. nozzl e 444. FIG 8 aI so shows
each nozgl e 444 ian 440. FI G
22 al so Zdhows cach %a%@g’é‘%@“égy ﬁ}%&st[{agr?gl hﬁX@Bte{hg'%lfoﬂ]E ‘?mE "gcutr‘?son SO0
as to dire2i0 inhmoml dewal, end BER. 5A-atheouph -8 1, and FE(]is GBr1 mmugulsaa slﬁi‘jvnf art i on
(see arrow, 445% l?rgulnd t he axis, nozzle 44 The passageway 442 supplies the
D water 3 uliiple Tgar, pearings230hin fpergideiaily A main pyaripg haysmp25fisipievidedh e
space 440 in the circular direction 445. In the enlarged view of FIG 14B,
the DI water (see arrow 352) fromthe nozzle 444 is also shown fl ow ng

agai nst an underside (or overhang) 446 of the wafer 206 that overhangs the
vacuum chuck 262. The overhang 446 may extend about 0.040 i nches beyond the
retainer ring base 280. Also, FIG 14B shows (see arrow 448) a flow or
seepage of the sI urry 426 through a crack, or annul ar sllt 482 between 15
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25 slurry 426 and the DI water 352 fromthe nozzles 444 is urged outwardly,
into the cavity 464, and through an outlet orifice 466. Th@2dwbivaty I05fice
466 extends through the retainer ring base 280 to the contai nnent tub (not
shown) . The seal 458 is annular in shape and extends fromthe cavity 464,
over the Iip 460, across the space 440, and is tightly secured (e.g.,

gri pped) between the main bearing housingy,250 and the vacuum chuck 262. In
t hi s manner, 30 t he dam 454, the seal 45 and the rel ated adj acent
structure of e carrier. 20 ain .426 and the DI

HCETAN YR VAL R R KRR R R SI6ey5S B aslry
2005 32 angk Jhien SRS ﬁ%ﬂpmatlhﬁ s@l!dtuh%r tﬂét@ad@ﬁﬁﬂ MELONETR BRENOK 2bidaflist he
DI water 352 that has been urged fromthe space 440 w t hout any punpi ng
mechani sm ioapvegnated avitht Haed pamtuatlat@matcﬁalt o b@drlpwénclﬁc@l&harﬁhtenmwasgfgltc@meﬂoo 1
IS not onI rovi ded cribed

r epeat abl 6 e, by e BORUERRTRES b SRt naf B i it dBIEn8%e 1speti od

with facid éftdbest dngan@ o duarteCinelick €Thé Sledis figy bb Endae bedii gma&uﬂb@nbem&h for
ot her CMP operations. The facilities 338 of the pad conditioning head 220,

for exanpl ®ld pn&peifie Beardng, of ReckiordgHs F@frlllsﬁwgwﬁgumﬁwplucﬁlc‘rz% egeh slpRvechuck
Uhe' 1 oad cor] I 0Ch b RS o el AR el 2o H0heh F4 blonEggg bt "

oper at i onsa undtingUeaiing elidfe 25& ghownt lin tHi@. CAPlooibusatiiaen purpbien siscar upwgardliyese

facilities 338 of .th i.tio 220, refeece t he
three di mefEFying hf{sxﬁﬁ Eva%@?&?g efP f?q%a;gam e ratesel %@b%hé}a igﬁmaae

di mensi ormhav\élaﬁwugfdeﬁléﬁaetér7o&\,aban st Rsé han ChQRAL HBF kb QORI prid i@V fealahESt 19A.
In the foll owi ng descriptions, ructural elenments that are the sane as or
very simi| &g lepot @%8@85 d@bdvhebéhb $he6\288 hpsea sies bascded th;smwgmrl@faéluownble phsber s
t hree hund Vi ous referen & 7A.and 17B
show assen{)F?%récéo ?%@?%rs e‘ilpg S?eev Hasq‘m%ehbasﬁ rs ¢ m Xl ﬁsw?%‘bmi“us

i ncl udi ng @ldrgicar yrhbmhhft czbamg@rbeGalﬁ.ut ens/\&udcdsnetdwrtaumkhdsaaﬁg NBaéinshatiomd cel |
pl ate 308 are secured. The rot ar%e&t ool changer 640 includes an upper

section 64Xtea upwREliefroges chugk Bresing Iﬁl"@aloaﬁﬂg}l Plats 2600andr exdends ityqugu thej s

att ached; 4 Qo nSPid'HdEinihet e S oA es4i N up
and down d?? ect?ons t0 tﬁ] J}gl\sf\?eélgggg%tgﬁoﬁﬁ%4ﬁmgs omﬁ\{iﬁ%tzwgﬁ%gég Eﬁlﬁ

spi ndl e 64&ratss e vpeuow chask 262 of t:hemiafdr|cer$1e83(E?Prlbychsulpp$g/camgesfthuwzifer g06h as
DI water 64 t hr.ough.a.condujt 650 to the | onwer se 644 for use in the
chuck 322. ﬁ"(ﬂi dflfl%gir)]lt‘s\?‘f“gtlﬁéhj@f)?tﬁgfoetthéféc?g'faf‘rg%eeﬁy salrdsas hwatendoad; ¢ es
338PS by ap@fo¥édéh e WafeW08.695 t hrough a condui t 696 to the | ower section
644 for sensing the presence or absence of the puck 218 on 25 the chuck

322. The spi ndl &s derstibadsthors. &G ddshors thedgitipl erieatatign of tp wayer gpioies 20&wpda
slipri i

S of 11 8 BE SRR, oSy G0 SN0 PHRETLIN W 2
218 and t h&hysothershis mgtlﬁiadn@h@cetlﬁg&t appliedibly thegpatl 1269 polthsmﬁagz(amemaimtﬁnns The

slip ring §60 i s _cannec Ar ou a co t wn)_ on the 30 | ower
section 64@ V\ﬁSpgﬁwﬁaaf%ssE%d?% thy Vﬁgedocaﬁfeﬁgﬁg ‘gc?‘#)f’i) hr‘?o"t“{%%r re vertigshand i n a
port (not sdmianin thflcidﬁ@ldrfﬂ‘éﬁiau&fﬁﬂth@ﬁcﬁfbﬂ thde® @k ekéttp1hi9 sftbddon ihé\polRRBR PI NS
ext end upwar He%’?l nto resiliently biased contact with electrical contacts

698 of a cbi# é%deﬁtw%wd\?raére@ﬁ the axis 74 that lsmrtméblaafhmpl@s)cl@ eggnmifonk t he
upper s )| (nat | ch
e conneer o 936 PRV el ARty B SUMEEIel "He SR BIENREY i

secti on 64¢irection bf/thsiaxis 230 eﬁ/ﬁlemnshlﬂ'g'map(and off B2 akis 23l iof the hai20h athﬂisot}ie 706

shownlnFG 16 S bein vided in the plate 560. The port 706|slarge
enough to pfe{l&ur? ?%(?gcfﬁﬁ%@%(ﬁ 366"3@{ B‘eﬁ@?“r?f‘]tgoﬂl}?é’n%rfﬁewvo‘?f tg“?@@?“fr&'

into the pBPW Zfbliked tothe WAL QDO ind/ O Shetostrendes.f rom the connector 700 thr Ough
the port 706 to a load cell anplifier 710 shown in FIG 16B secured to the
pl ate 560. The H‘n?ﬂt‘fq‘ isgly 25219f thige hspingstlingar beatipgs 253aassured thaBauctumel of geei ves
the puck 4 nd ection 642
e n o haret carer 3000 ot Wiwed 17 QU3 o AhblsRa o Bl HORRL: RERich e
connect or %&nt(lﬁlf@ce FP{W Tﬁlne t¢ fiext lbezemgesﬁ?s nneﬁ tahcmeh &eﬁ@b&@n&aMwaj oi ns
the sections %412 pr suri.zed .air lines actuate the piston (not
shown) of PHEeLRAY cstuSlP wé%ic?rf} Jior g evales 798 cxespt wacaly, ‘F’é)‘&lklstﬂﬁéa"ﬁlp‘ﬁer
section 642 to the | ower section 644, or to release the two sections. The
puck is purged to renove polishing debris and other material. The puck 218
is showmn in FIGS. 16A, 16B, and 19B as including two disk-1ike |ayers 902A
and 902B that are 15 adhered to each other. A first |ayer 902A is
fabricated fromcarbon steel that is provided with perforations 903. The
perforatl ons 903 may be apertures haV| ng a 5| ze of about 0 150 |nches for

o o o o, o o NN N o o




25 conditioning head 220 with the layer 902B touching the head 220 so that
t he di anond coated surface faces the pad 209. The faciliti @ Fe®pm 200p
purgi ng the puck 218 include the upper section 642. FIGS. 17A, 17C, 19B,
and 20 show the bottom 666 of the upper section 642. Three ports in the
upper section 642 are provided for the facilities 338. Afirst port 668
mates with a simlar 30 port of the | owegysection 644 to supply the DI

wat er (see arrow 648) for the purging operation. The DI water 648 flows

t hrough the paqrt 668 past an ring 680 to.a fittin 2.shown in FI 20
thr eaded | e Gl SRR Bl TS TRFNErEn Al KGRI A0 f e TTRg N o
connect ed {@ri@ 408B8d wald 2068 U2 FbuR 0o eddn@ic wabdhd FPAT shodsintrIBe2412
extends upwardly fromthe fitting 672 through a through-hole 714 in the

mai n beat i anging @osthe gva8d 62065 Ginug 6i%) friotidn dsace lfs ig tansfgsigd Hotthe aguim bearingubi ng

connector /16. connegtor . 716.,is threaded ipto a port ilJed into
the chuck 4¥5ng ﬁ@ aB‘g}St'egifﬁé fo,as the RerYile Ye&“‘a& ST °9?%é$fﬁeé'dmev§fc5r 648
to a manisf @ntbohiefl FPEWNMIE tiehuferk a Bidofre! tePUQRILYOnfIRd foltdtFP, t he DI water 648
across an upper_surface 722 of the chuck 322. The chuck 322 is provided

with a lip 900 Fiat SB-ltaad 34-2phvethe mauliiple dpcas heqringestrpgipres 23 ag jngluding an
defines a ef. al : r QI . - wat . t he
chuck 322. ﬂ%]e%?)?&fvtvlg% fé’?éagﬁ%a%flggg%’pp }Iaeea?a? 02\é H%C%{%E%ﬁéggwa tgé Bgée%&eo(rﬁpoefd
fl ow rate e malbiplé linvw bearivgy edctucees 200 éeo phoubevirg €sHortdengh irpthe divectitneof
(ccm, and at a re preferred flow rate of abouyt four, hundred 10 to two
thousand clfmeil2ad 31faed Sraﬁbﬁ{émﬁé&f g oghe daBEErI660 ea%m%esiggéwccm
and fl owg) @htewaindland fePicks B 8T ERIH sddlailifion Wethiel AR 1RRE( RARIJsPB3 o
openings in the puck 218, and past the puck 218 and slowy over the |ip 900
form ng a seucardsad30 at uoiidrnl¥ bpagtchiptesyals athendch oiedul@® 22th 366 (%IﬁéBTﬁhnbrthiShe
puck 218 on.the chuck 322 s i rsed in the DI t 48 and the Dl water
Plowi ng. pade e e et aisty B TR hdlechlfioplng W E R0 18 il g Porit®
assi sting scdskioh D€ indEduat tined earirgd 125 Ao Exdntifte, N6datedNinder Madcctalichiprdehe
puck 218. FIGS. 19A and 21 show the facilities 338PS configured as a port
920 to whi Efr¥Y Het 5 sebrisenergdn the opprgtionef thy CMsyetemddil- 696. A bore 922
connect syt he p 0 I t i tad i ng
and | oad sl 1 ph s SRS SEONE EREHGoduoBa IS TP 510 e Fadsf 263 R

ext ends upbardityndatt sugh gaugdsacighs Mdédel Mintien [IHES6RLRCbheéd ibggTiansdacerg 20

306. The tubing 926.is connected,t fltti 93Q secured to t housi ng
306. The f feqp 65936*%15%?“?%?% hgf_hsiﬁlﬁ#e@@ © 3 'pdh Ny rangy bl em Ay | he
housi ng 30£r&psurk b8 fiRek 161300 é)@uﬁdsdﬂ%rgédfm_fe pBRraBRN b fnlrel adetibate 1028 sbiRlng 932
extends to the tog of the ridge 934. In this manner, the presence of {he
puck 218 phsgempy beisadhese Faekabgptzesg fof abppigtd ponedstafdoycef The toad gelb26his bor e
932, caugj H9ulb% B L r g r . ' creased.

or essur o] ko BEEHRU fesbilg aPIT R it R, DO R ed B B R BTG
condui t 69Bearigg bowsireclddunder the petésisafrtbe fecessER-Whischnsed bg, @ramtescths dsagor
simlar to pressure senso 990 (FI .. The pressure sensor detects
t he decrea‘é‘a‘zl,\l(rjIf r%’&‘ﬁr"é‘tf’é’ﬁ& ‘H%’%’e‘%ﬁ‘? ﬁlgéaltzgﬁl(ﬁaﬂé]spﬂd‘kmﬁﬁ@s?é" ‘fﬂcgﬁé’r‘?‘}‘e’% t he
chuck 322. Ak fdeddniBe P Ybdve 2 dB uhiforN YolRArthe ¥xfRed R&idRUOUR 34 2he WafdrS2080%Forat

all on the chuck 322, the flow of air into the bore 932 will not be bl ocked
and the pr@gspie coptrelkd HeguatsosDpigssare Bheyld he rprliedotoctba dliffdre ospoded | andot
decrease)s As e p u o | i t hat the k 218
e ot prondiRidiCitbohs b€, BLETRULEY SEW A ipctl S0 O8allr oS R

pol i shi ng mpenss, fonexampld, thelferce RP-8¥ mwplded. incre22d foctaveithe Wmd0RD oBfredSefeder i Ng
to FIG 23, th resent invention. provides a nethod for_controlling
relative n%vang’ﬂ{%f%ﬁf%e%s i BTl mﬁ@eesgﬁapmﬁe @R/g‘"ﬁ%FP's‘ﬂinﬁg Rseanzgpd The
met hod maysd fclousteconitaper dry 00t dORBpfionRURE viGatioh & f WY &nta20 Gre® AEWELoChUCK
262. It may be recalled that the wafer 206 has an axis 214, which may be
referred tBAvasheAmaunts oppressuigrseniorm Thihs pabishing @ressuto piafilon The feres &P Wed
above asyd hgyibpid b hé | f [ . oThe et had .noves,to
oper at | o TNl mEpaBI208 WO, iR ackBReThBRoIRE Fuoh e e RATFREE SRy Che
axi s of syembpl pk&lidtoafontithaativoithé paishing @ad 206movdmeahinl the 81O bNthElaPow1B.
The axis Z%@)}ila t he axis. an which the pad rotates. The nethod then noves to
an oper at i Brﬁngog’euﬁoéﬁs}ﬂ@g RE %@”ﬁ‘ﬁ’do? [pae grafert06and 2 18t phesnd
each other parallel to the axis of symetry 214, as shown by the 10 arrow
209V in FIG 1B. Wth the rotary tool changer urging the wafer carrier 208
upwardly and hol ding the chuck 262 at a fixed position in the direction of
the axis 212 of the wafer carrier 208, the urging operation 1004 causes the
pad 209 to inpose a polishing force, such as the force FP-W on the contact
area APWof the nounted wafer 206 eccentrically with respect to the axis of

e A o b - o p—— 3 Y NSNS AT 0



25 parallel to the direction of the axis of rotation 210 to indicate a

val ue of the polishing force, i.e., the force FP-W The op&2diebwmary ZWown in
FIG 23 are then done. Referring to FIG 24, another aspect of the present

i nvention provides a nethod for nmounting the wafer 206 for a polishing
operation perfornmed by the pad 209 having a polishing surface. Fromthe
start, the nethod may include an operatigr 1010 of nmounting the 30 wafer
206 on the chuck 262 to resist novenment of the polishing surface of the pad

209 which FI.G . 1B shows is applied eccentrically wt spect to the axis
of syt  DOVSHIRE QR S SRt MHLCh 5 et e 45 S s AN SHRemnatBrensods s
shown i n FiGeriddiBuge fﬂ%ﬁ%,?ﬂ?@ce%f thd wier lloﬂ@ﬁgﬂal 28915 RYORRL 4l AWokda t he

axis of symmetry 214. e axis 2147 s normal |y perpendicular to the exposed
surface of Ftapeliggaw tePlata 260 métthrowafen weier 309 pe thet wpyard @irectiop (FEGVv1B) isg t he

retainer rj 282 having . a first position,(Fl 2A). surroundi.ng t

per  phory BT EREP i orath® I ABPigbRE dris, B Eo0ke P LR R 200
per pendi clb@thetazatArew axine wild 206 Reproatiomd dﬁ@ﬂé@%olﬁsﬁhi%ﬁﬂés@ﬁrb.on 1014 by urging
t he exposed surface of the pad 209 and the wafer 206 toward each other so

that the pad 209heliesaf Beaging shectwencare dessebosipyith Féerprsieite FGry 1Bo?aeSAs0- W
tendi ng togutl tah fe@r \Rd LS A r tive
positions g%(%dggfs Apg’ra\pp(gr? |1c§®gsr?? y T&\Pﬁ@?@%ﬁ@%? %om%g%péﬂn?lg h‘?‘r’m@@ﬁ%&%e.
The met hodsarav@sf theeed e sratieh omgs AT 2 Sinbiyding giragslédves 2xp@sgidied By Spacbhpairsadf t he
pad 209 and the retainin i 282 toward ch other so that .the pad 209
exerts t hemﬁ%‘?ﬁis hﬁ?‘?gSI'Fed’Fg@%E%gW gren ‘é‘toé'&nf%cfo Hreeiye Wt@ﬁ%%@#@ 81t

the retaj{dpicldRs uﬁﬁa%dlgreqtemﬁg 8dsy. Phe PUTBIL e RBENIEEPa fe@ﬁl&@(ﬁ%g\s&rm
positions out of perpendicularity Wwith respect to the polishing urfage of

t he pad 20plateTHE bhyescraoe dvieesited inpdroag 28 (FIG18). bTha bere 288 iivdinghsibied toi near

15 bearings_253.resisting the tendenc f the retainer,ring.282 to tilt.
Such resi ST 1f SRR PRt BRETF 270 aeth BB Soribd PP 2ok 5 Tob et

per pendi culrael b00.03BIneK PIBE EbtAikkr riag 28Df ThdteaRag 20 MayAs ieKareithfthealipse, in
this manner the perm.tted novenent of the retalner ri n8_282 in response to
the force RPhRDeqrings 253 desramplep dhs retainer ting bearing plate 279 possoered ip dfelims axi s
212 and hSeel TR0t kT i t i Y

huck 267 DT oePer 30~ 205 G RY ane it BY B dehed WA berlulvdR
FP- W (i . e. limitkk bylitheeliteanbeapiagalT266f the stdoed keti A70adndpis Sict, fon exdmpléigo andve 212

and 214). Furt the resisting,i his manner fagilitates making .

r epeat abl _eglﬁ%uzgggﬁée?f‘éqﬁ gngpnt P%ga‘%&&(g‘?éor‘i“‘c”:]?)faért@eglaﬁ‘—%%l\%'l AI‘HE]"S fop; Hehe B43iagri ng

i n operati fflg BA3880H réthiGed AHCRB2FPr WA bRAided f8NBnMBEHR! thE BEIIshBE p2@S09,
assists in_accurately nmeasuring the force FP-W as defined above, even

t hough t heThoFangpurg P& ischunmoaupig 1fgr mepimend indsperdenttyephithaeplate 260 ang 282,

The et : . : ' 9 _whi Lhg t ur.qi n

oper at i ons TerAtRS o iGnai GRRARAERL O Rl ne 268 WHeL B PR by
measur i ng pade2(foveiehit thé retdiserwni 82 204 tpaeplated! frdnp tieao dinfeesst hyoldoRhinghe
axis of rotati Oﬁ\?ifl@%l defined above, this measuring provides an accurate
i ndicati on® V4 _ 3t the polishing force, i.e., the force FP-W The
operations ShowAs idBschib&a attde AFIE. BRSO BR. inBAl HSerMRWBL IR i cAmer head
operation 1015 may include a suboperation 1022 of providing the plate 260
spaced fr off% nEedisyd k0Sigoludesihy midingr ring base 280 and be rqtaip¢ruing 282s Thopeaingri on
22 Febr ugy ¥nL000 2 | g t tween the te 260
and the Toiafner 20 shRaRgind kR By e BACRLGP RS, P e L it B
suboper at i desighe@ 5 by engpeadalty thy polishiy @d e dBARg the uedferamliblying BpdraidnBantihe

bl adder 292 w t.h .fl ui .a fjrs r ure. Such inflation noves the .
ret ai ner rﬁ’ﬁd’ 0;‘ H%R?fgtzﬁ%I’B%%{Sﬁg’r&oggidmég?hre&“}‘?ér“.ng528§ef"E}Fer forgg FoRAsG
26, anot heéccampieaith@sptdi@o e QLIEN12 bMHEWhicPParRéroRdES a met hod for
controlling relative novenent between the wafer 206 and a chem cal

machi ni ng pad 2002 timgel PR prdorguguchdrny gewhish thseradt208 1of te4®@ligfingrbeadtZ08g t he

waf er 2 : , . ' he axi S . 214
per pendi urBreRane REif iRk 28 I8, A SR ABEARD 4T o Bl SVt o
carrier axfiefingd By therretajpar eihg ledse &0 arhistharitsinefring @82t A0SucB lilncOFOPRRE tHRasis 10
209. The nmethod noves to operation 1042 by offsetting the axis of rotation
211 of the pad 209 fromthe axis of symetry 214 of the nounted wafer 206.
The net hod noves to operation 1044 by resisting novenent of the polishing
surface of the pad 209 toward the wafer 206. The chuck support plate 260 is
provided for this purpose. The chuck 262 is novable relative to the chuck
support plate 260. The net hod noves to operation 1046 by 15 providing the
retainer ring unit (e.g., ring 282 and base 280) around the chuck 262 for
novenent to retain the wafer 206 on the chuck 262 (e.g., assist in placing
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25 chuck 262 and the chuck support plate 260. The nethod noves to operation
1050 by hol ding the chuck support plate 260 at a fixed posi2ikehruatyo2(|)5t he
axis 212 to resist the novenent of the polishing surface of the pad 209
toward the wafer 206. Alternatively, the plate 260 may be urged toward the
pad 209. On either case, the pad 209 inposes the polishing force FP-Won
the mounted wafer 206 and the force FP-R,9n the retainer ring 282, each
force being 30 eccentric with respect to the axis of symetry 214. In

response to.the | i shj for EP- W fer 206 .and t he chuck 262 have
e amaontytiath Biipecs & amntes By it rad P00 of ey haBer goats: bk Prer ST gyt
of paral | ehxediobBandERsfiRe @fainePliAd bRO 2801 rEehel fiddMR2tf Yelfeal. 27, during the

22 February 2005 38 hol di ng operation 1050 an operation 1052 is perforned
by which the fi Hgf recallednt wf the egemplaryninivpténs, ithe pofliskiog head 2@ Isidesignadnte

novenent o t ai e 82 to novenent . paralyd.gel _to the axis of
symetry 2 %%tpﬁfjEhl%nagis?ﬁgt#éllsg\{%%%(ljf ?li“ﬁet\ﬁg Igﬁf(gthl &Pf}g&bﬁa Ligs ghef@ff’,"trfco&rce
exanpl e, DPPRatdrtivall} dbdnwardRentohetdaiy ringi2sh Gberane M dirs@bre 230 nakrddie

assenblies . is effective to 5 limt novenent of the chuck 262 relative to
the chuck YUPpEame Brrceasibpatoye-derrahedfungioning of thesugtue 28%i s of symetry

214. Referring R t-he ; I Vet : QY }
controlling rel Zﬁsv%&n%ﬁ%ﬁ? Qéﬁe\%ﬁgﬁﬁ tt()hdg1 %%%%n%%%&gh%ﬁﬁ%gn%ﬂggﬁ@ﬁl ng
pad 209. Theentet fiode FBAR apptibdithethametsiparratgi 288. 10 6&aidfthermat 270 nfythidechenmdgr 206
on the chugk 262 with an exposed surface 204 1Q allel to the poljshing
surface of ﬁ?%égffél(ﬁ'gsz .asﬁ"ﬁ‘é&ﬁﬁttsﬁﬁ‘ét“ﬁd\?é@ rf@“‘ﬁbfé?ggzo‘ﬁ QRO VEY tHPPYeHiAing

t he axi S1mtmcre@ﬁsﬂtthe2ime%n§eh6 s8N dnSREri PRI TR, tRAIRY SeafthesSATELTY

214 of the mounted wafer 206 with the axes parallel to define an ihitial
ori ent at i opssek thai sucheeceqntritpigree FiRER deasimotimoyresuchryaiser ring 2R2,cpeapats oHow64 by

i th L.shi h d .20 d.t ted. gf f.set . waf
o119, TRl B St 6yl oY OR, MHLALS AEHL PRl

pol i shing sarckaies agis 21D af thehesgeotivew et Wi J08pRERH atcdakial. AV Atredaker
206 eccentricall ?{Qj{all“lh respect to the axis 214. Referri ng to FIG 29, an
oper ati on 1EEENHIGYi R Ghe@ngp kLG S5 acture qn; the setaiperdingrdp2hgnianpihe derco §8 £ or
exanpl e, 1 AHAGEND the strfGuidont od 1 WRkGTed2Q6he PULHET i opefation
1064, the net hgd rm\_/essf tl(l) an operrati orﬁ3 1068 %iglsﬁgg% E’?% I@g[le?irgigt%ng@
nmovenent f pamittddevertidat faate omimenerstFPeRV ofRefdrangvafl BiGs208 aad dbBp déornaxkinplegit20

par o1 1ol -t 5ot RE Lo Peel U it mPRRe O Sl Mt BaT Sk v Ot SSore A

net hod al si indepeichiofait e ity QirierbdSMaCy linfed b e Yir@inhg 29@er at i on
and the resisting operation, is performed by neasuring the anount of the
pernitted novgné%?rcf)fic‘t‘ﬁ%r’ Rafiesar PoBrvdoOts mrintedbrigeas theeliugk beng apdicad| el
val e of o IRE 20 kR REjihe oS AR L e Tnbl e W el B e
surface 20moviipdinthe fumtofiarseded cavity adrsworp pefdratdy irathenfdrmont of eumaiit motot,i Ng

relative V, en_t he d condjtionin uck 218 anpd the pad 209
Ref erri ngn“f?roa%ﬁ%mglgéryéﬁ lemlﬁﬁsotr lggle?‘}ﬁ ¢ ﬂlﬁggmgngﬂlﬁétrpéﬁgﬁﬁpli%bm&m Adlist i ng
the puck 2itBwarin FiGs. SAUGEBBIZZ, 121A) €3 RUEK14A fichdits AP ndinAie bladdbr SR Y 224
(inan initial position). The nethod noves to operation 1082 30 by

of f set t i ngVith@nepmatic flud §eearrann293) threyghiandnletf42 s shown ithBIGsx3B:-1ahd 43Amet ry
224 of thenERriikedadiich ' l; ' ' d moves to

oper ati on 1654 by ur gi ng t edefggg?e;%ﬁg 1%3%%%1?%“@9% r@ﬂgg&%ﬁ%{?ﬁ%r F5F4"%el to
t he axis oftebbidderi29a. Zholifeanmbtoe 29(histselattively22tubied by aupply20he B0id@9Sitd ihen) to

cause the 0.4 se the conditioning force FP-C on the area APC of

Che mount eo2ast B9 iR RS of Rt (PPL Bforra & dhemontt of afesdymrtetey

224. In resphaskdia 29De Fepadinipls) ftoging & FIGsFR2 Labd 2B UCKaahim @Sk of gpdency

to tilt sugh h% t he axis. of symrel:fé%/ 224 tends to nove out of parallel
il TResyed N

with the a%f grgibe Jhl Ginghes gticallyy xich maginmye sEekeotenp@B8S telar i ng
the urgizoveR&l alnddSiot 83 4hiP¥net S SF S| . unt ed of f.set
puck 218 to tilt whil he e oF e “%%é%dbgﬁﬁpgﬁﬁo%ée(ﬁ%a‘%%%?e Of pyTpgses of

di recti on éfcu@nathe plags 2600nat beowid2d be fikbdinnbdt hardcardite@ios Osuch eHat BeBihe

operation 21 f or. - duri the urgi eration 1084 and the resisting
operation %%§§?§%§mﬁ%g§ﬂwﬁh@et dﬂﬁ%@ﬁ@h&ggﬁ RS UG ke plots arupraelly byat he
direction of the axis of rotation 211 to indicate a value of the
conditioning force 10 FP-CV. Such indication may, according to the present

i nvention, be an accurate indication as defined herein. Referring to FIG
31, the present invention also provides a nethod for controlling relative
novenent between the chem cal machining pad 209 and the pad conditioning
puck 218. The nethod may include an operation 1090 of nounting the puck 2|8

NN N Ar a1 1 » . e



22 February 2005 40 hol ding of the chuck support plate 308 at the fixed
position the nethod noves to an operation 1098 in whi ch t h@2dsbeahl 3085 304
are effective to cause the nounted puck 218 to resist novenent of the

pol i shing surface of the pad 209 and the puck 218 towards each other.
Referring to FIG 31, the nethod noves to an operation 2000 to |imt
novenment of the chuck 5 322 relative to e chuck support plate 308 to
novenent parallel to the initial position of the axis of symetry 224. In

this rranner t he puck suyrface rennins rallel to t ollsh' ng surface. The
ot hod o dists0e SR ne o he S0y B of MG hitdet T BOU U PRI
chuck 322 pehatedso Thh8lagiii ol wﬂpmg tnoRt fHeGet3AEr fify Be@ﬂh%ﬁ%ﬂ% 239, AAGhkiiat e

val ue of the conditioning force FP-CV. 10 Referring 33, anot her
aspect of tiege Hetrbledenting brse Bkermithe rqﬁmemtrlner%i,eumreéna axamplep rdiasive dé the

purgi ng the ndi tionin e_chem.cal nec cal..pol i hlng pad
D0o° The. nieltbate telicnho R acsPrip i 2edout oM EAE0b Rt rgtveg o5
and 904 itdhe repifdf ridg 882 by Mo@h imBIG hCt) eorfekathgle 648 may flow. The met hod
noves to an operatlon 2032 in which the puck carrier 220 is provided with
an upper surf acEhaatsrePB o) thyofuid 293 W@yﬁ@rqngwémm@mgenw forsxpmplepder 218.
The et hod o} i I ured
cont or i ng S o et S B e BCoo il ek B8 0 BRI b Lk BorS B o
spread t heirté onedofGHiBe cearipdl @ositiynsa cihe psestiie PBundyaecn afrarigeef froakabeuplsopsi.

carrier 220. The nmethod noves to operatiopn 2036 jn which the puck 218 is
posi t i oned QROHT $4YEN [, (R Péhgﬂo‘?xﬁm?@r f@bé &4 @ﬁ@rqr%ﬁf’%q‘ shoydng He 1 p
900 ext e idiind P28} h Jrfe%mlfehﬁe@g&ﬂﬁfn'& a&ﬁé’eﬁ%@g@d Bc-ﬂi'tf‘onnﬁ‘ltm& {8 Y& SinaYing0
operation 2038 in which the port 920 and duc 6 ate forned through plate
308 and seé&i rivey frogr (belew) }bgkbléhttmﬁer &6 oo anrlﬂtrlfémwé Kntsmpypmntth@mdlame on

which th Th hod
oni ch t e PHER 36y 1 BeafbedfieP 8:8hn, MR T Tk kARl B RBEE B el "

t he port 98t2thé vafed 06 Erotrhehe @RIk ZHQ] &id @ pREsurdIPB MR @RIV &F the Pieséure 8B, a
mani fold) to spread the DI water 648 across the puck support surface within
the |ip 25784 1 Posieh die retpigerdingie8s imth gthergositionsat er 648 in t he
rom thenrani f of i 998 FRIGH SR ACEANA, dd B! Sho ikt S AYOR Y,
puck 218, pesstions hithpnakin@rdgawbick isoefeyredtoegentrally b4 ‘fa” gﬂlﬁ)shfngrpmssmgn,awmﬂtar fall
32213 | mitedd i ing GG EeE B sl rorEo DA 1At PUMHL Padier o
SUCk 238 pg%r@?s pOI%m%QJfOﬁtlﬁl@-QShEi ﬁcﬁﬁloﬁléﬁhle%:h ggﬁ E@xﬁr@t})ﬁt i 11@§§%(§Fth@@afe92l§@eln
esired conditioning o e polishin e
February 26@%P%1fhlkeﬁ>eﬁll‘d?mg'mttm=r| S@Ffa®429}g’afﬁdb¢1e5ﬁm@9§g@€t28§fls herigomatlheligsd t he
present AVARLyBphell S ol e BN U Qi O DB s A Al ot T
chu](c:k 322f ﬁ\#li:]hnttheptpziwhinga»gsmﬁmfa pqnéotremr §ge 201 ;me:ct}memﬁeclaﬂ)fﬁrs shﬁrgmgilgg $3§1ialﬂ9| el
to the s pBrTerRRaEtnERfinenins AR miiPha ey A 3RS aftaraermiazos2 i h i ch
t2 f21 e a]>c<| s hof rot tata 3oﬂad aﬂk;ﬁcg% FIGR. fhﬁ@?%ﬁ% dh%vzv(zli; érﬁﬁ([jsetg:lid]ﬁ_rrh R»hl?clhf}m Feteﬁﬁe try
0 e_nount ed puc Wi e axes an aral | el e ’ne an
initial orf&nisdt ?HH‘QB‘?U“E H %N@Kﬁfﬁmuremﬂmwhmlmwag@ the wafze B% pmthe2054
of puck B10Er S At AL AL ol DOFRRShe3HE 2O ISRt AR e e ace.
'CI)'];] t het hrmgm!tleal?auf[:uhe mmlﬁrrreeﬁﬂ&t Agglédvltnemmm $2i, ritg ﬁmmﬁﬁﬁﬁng{é%p&?io{iagdwzog.
e net hod_noyes operat i.o 0 provi e e arr of Iinear
beari ng asgerfﬂ)Frlale% 3@!1 g&' ?{8%5?8@%&5 Spigoyndg %Wﬁt“@‘d‘r b’ﬂﬁ RODakgthe pedaiggry i ng

to FI G 35ing be mﬂtth@dpﬁéﬁﬁﬂﬁac% @99 BETHR ré(@iRerX@pB282Ms Whdve Ihdiipbag shﬁgce%ﬁe
operation 2054 there is substantial limting of the nmovement fromthe

initial orPeleat¥en2imip moilingg sesetaf macing the afesmadet oo thet dhaclkrBohmddlimthek 218
Wi th th%@%hérlrﬂglzgg surface of the puck 218 parallel to the polishing
surface of the pad 218. The method noves to operation 2060 in which during
the move oper at Inonoi2@8dilysht hing fead fereeFRARE actsi sttdnribally be tHei rofaneri neat is
sensed to Iseﬁil cate an acc%fgte val ue of the poI ishing force FP-C applied on
the area ABCOP PRYE JedperPs ecogiraliy, Hopgveroth Filiapar sarings 77R epsuses et theof
the met hod of the present invention relates to a nethod of conditioning a
polishing pad. The nmethod starts with an operation 2070 of nounting the
puck 218 on the 322 chuck with the puck axis 224of symretry perpendi cul ar
to polishing surface of the pad 218 and the puck conditioning surface
parallel to the polishing surface. The nethod noves to an operation 2072 of
offsettlng the aX|s of rotatlon 210 from 25 the aX|s of symetry 224 of t he
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of the mounted puck 218 with the conditioning surface parallel to the

pol i shing surface. The nethod noves to an operation 2080 of22dehsiang2((he
limted novenent to indicate an accurate value of the polishing force FP-C
applied on the conditioning surface. 5 Referring to FIG 38, there is shown
a graph schematically illustrating how the pressure B applied to the fluid
293 admtted to the linear notor 290 nayspe varied wth the anount of
overlap OL (FIG 1B) between the polishing pad 209 on the one hand, and the

retainer ring 282 t he waf er on the her descri hed
oue - onemigees aihe febguehr e gs2and of the.gree 28 g el Aatticah a6 BE gl
CWP cycl e, oﬂéﬂtét%grbﬂttp peapeetiOf cdpir@sSed 2s6ldhdoRe Ht fhe R&padiRt t&&ndrQinkH8se 280

di fferent exposed and contacted regions 204R In that situation, as the
ar ea APW ofind igtaingg pog 88L. afela eosult,aatyeltie vesgrandowagarly aging sewporchbFR-BNoe FP- W

is increas the anoun sure iform .Pr ssin f the
waf er Ioadﬁlglfér%‘al‘t}ﬁggﬁ econﬁ?@P?“&ﬁe@ B§“$ é)wély}gt‘b‘gqntb%‘l d‘%}"&é%‘ﬁfgl}g B%rﬁ Y and
the force5 omtlichetaitf dng C8)ris &ﬁns?&ﬁdltlikoﬁélﬁthhl@é’tﬁhd riligl ta6d R&Mto(tBE Betdindriti ﬁl G
1B) is adj usted as necessar provi de the appropriate 15 force FP-

applied by ?ﬂh’égyi’tﬂ‘fi 31 ndispatie be@f@wttrr@%?pelﬁsmwwwct foeceviad dFIG2 38 tnthgr aph
of the t a i ed
fo the 11 ury 30dMe fRatplard 2P kon Siphtnthd hafi€BEbe BOTLARBHAS, 420k 01
of over| apli@ar _(J«Fdrﬁ.gs 1B) alfvetsyee that ¢y m@émszhlcmgpmdt 209, @met foeccpRM-Viafiche and

the retainer r 282 and the fer. 206 e hand, t IS

exper i enceg’ h‘gﬂ% FUEh 14 PR &Hretﬁﬁerﬁ"@\ﬂaﬁq "(’i‘gﬁ{’] Tsfaings rigs gg%%%"’lh‘tség‘e
Central Ry @&t ecofpohén® FELRV §rethditiee10d@ S6ick RIH-RN, In' thilaanfa! el %Ji'ﬁ‘ﬁtte'ﬂhe
size, or value, of the contact ﬁ&gr overlap) area AP will vary with respect
to time TNMosgmentof dheanisinenssg ABYIE 1EepORsGS. thq@rqe FPrBo(mghrrm@anemlpamllelhuoough

1D 3, and i aa| hese L FLCS.. 1C.1 25
t hr ough 1Ch§ ”:hd mog#igpf) hﬁe%lg’tgﬁs c‘{)%lp1 i nafm1 é?gg}ﬁ‘ ﬁgls%me gFeqint aent er
of the WafEﬂEpEﬁﬁitta‘.o‘mhbcmamdf ihd @hiidkf 262tahe th¥- ﬁﬁ&rﬂ)é%ttﬁe EHuck D62 FERRhsOh t he
retaining rin and identify the Xcoordinate of the center of the

pol i shi ng B‘ﬁégr%ljpa’g(ll'?s th"a‘h‘EFCP‘bePf’t'?I@totth"em)(laéB‘Eﬁ“&ﬂ“rﬂﬁt"@ agfs ARen¢2ber of the
condi ti of§y ng pugk (2 hid.ed as
ri, the retainer F.%g"?@%%‘? gfs] drﬁs‘ﬁn% %%‘%"6’%. s h}éﬁéﬁggﬁga U‘ﬁe&a&s)%?e 0gténd t he
puck r adi udesaxbed4reasthefoe va8¥yingstha uppardeforcorF 3@, 1Beipptiahtd the phaté 260 eﬁlge of

the retainer,rin nd t he..ou edge t he k_ 218, an this is

i dentii fi ed &S %raf)%% e f@oid'%%’vée ¥ aﬂget ofhEaVQI‘@gﬁ GF theeXosg Pl‘?r FRRNACHSE set
as zero. Asghnr208R),tt mbBe Videroddl thdl3t islsSNRWRsAS td Qar% 'tl'l?:%ﬁ:@tf’wg ﬂlféatbyt he
furthest |eftward 22 February 2005 43 novenent  of pol i shi ng pad”209

in this ex4Rprac;P0iethy ritafeﬁrtrntsr%?a‘ﬁ'@}etnwﬂwamthp fierceyFRLR; @pheﬂrhsethe pwln;bmef t he
waf er 2 t t t he
retai ne?ﬁ)r ?%2@%_&‘&8%&%?2?%%‘? ?%g oW lélFi@s ggi %ﬁ’ﬁhﬁ ﬂhé 18’1 3’of

t he polishiig tiaawjignolg)-ﬂoancﬁlEduthtuiugh\nE 3/;hais0the |pehsth|tr% pddr 309 ﬁ@ﬂésaﬁ'bmoef firhe

i shi with the wafer d le. In thi t uat
Gur i ng. ¢ nel et Rrteh By RE LT remifer e B, 1 ks Bobe My Wereas BEENBN by

the arrow megemni(net Gilue df@hetzhai APRRlo)erldppéd Wlﬁ%bl%hnfggﬁd Rh@ N dxRyMe RNt
may be to a position at which h3 is nore than'r2 and |ess than the sum of

r2, xgap atig velue ofiffieconeriappedsarea APRR yagigs with such motigni2AH i itci tenired mmeewo As
this mov t C n |nthe va ues of
these. ar oo donnant Pre Ryl Lo hCaE B A Rt e i RN S I he
vaI ues of pélishing@ad 206p the forde|RM mLB e takied asrzeﬁlnétiﬁﬂ/ofsheﬂetmzm atovérhﬁubfﬂﬁ TN =
as havi al ue an the area APWshown in FIG 1C 1, In FIG
1D 2 the a &ISﬁlRﬁﬁﬂh ?@d sXhoWS%tt qt"ﬁ’&"t‘t -frserged palishing pogition AEthy retpiaen Ting 2331 ue
than the afséadARRRr#IgeWNpdsitiont Geterhfinel: acb(ﬂdl'ﬁg% witd?ndt fohe FPSemiNTGe aﬁplﬁlaown
at the tinme Tl as having a | arger value 15 than the area APC shown'in
1CG-3. To i PY thetstaipgr dp theiad @09 b orderdh aglfienedbesddsited pressueel angbe mﬁamehe
areas APy jifg 5dG | El the area APWis shown at the time T2, after the tine
T1, as having no value as conpared to the finite values of the area APW
shown in FI GS EiGs12Bndd 188 khowhige paicdonditioiny dkate2i0ndiveaitaeg 4 hiddar bORME |

no overlap no.con et n, the pollshlng pad 209 and the 20
vaf er 206. @V EB‘P f“é IBnipigget Sﬁlé%tcnﬂh@g‘t?%“’g FOWFMEN betecn ¢ paimizaciag bousisg
havi ng a snaller val ue than the area APRR shown in FIG 1D-2. This smaller
area APRR is the dimnishing area of contact between the polishing pad 209
and the retaining ring 282. In FIG IE-3 the area APC is shown at the tine
T2 as having a still larger value than the area APC shown in FIG 1D 3.
Thus, FIGS. 1C, 1D, and | E show that, for the sane relative novenent "x"
(e.g., 25 of the pollshlng head 209) |n the rlghtmard direction of the
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FIG 39 shows a first control system 2100 for controlling CMP operations to
perform CVMP of the wafer 206 according to the present i nver?2iKehruady 2006pl et e
set of CMP operations 5 define the CVWP cycle. The control system 2100

i ncludes a PC 2102 provided with separate operating systens (O S). The PC
2102 may be a personal conputer having a rated processing capacity of a
600MHz Pentium TM series processor, or eg ivalent. A preferred first, or
manager, Q'S 2104 may be the NT OS; and™a preferred second, or CMP
control, Q.S 2106 may be a machine control. OS. The O S 2106 may be a
visual | ogP an ceHekbsRIgrandpag)cel piate $RB- df apraliehakin the pxeaipiatp sidiatithe PC
2102 wi th taefnm it 208 i REighdd rbiGedn the BEOERSRATis S, @H{'Cﬁ@ %&9& W th
the OS 2106 is reterred to asS a processor, or machine control procCessor,
2110. The PebEdaxiwles addigonahpulsiplef lrean brtasingl strudtfresn10i of e, paduohditienivg tiexd,

pert or m vl s BE SERCrahRll B s o BE SE QSRR Fugy n Basfuiono, o

per f or mi nYfihc@dFinafciaghe i@kl thgabiouaisdgbainiRhdtioaing @ thedkddufe @30 CPmbRCI pes
2114. In an automatic nmode, the recipes 2114 are sets of all possible

criteria réftalde shucurenpl frolitalss mage repeafable meASUICEARE O tr1acpenthe farerss a

. g s L oS
it e g, TG b, theRile FE.C APIERNJ B qdd RETRE BE bk 20V okl BIERAWERELT o
of all of wkesuprdoaedefinedrabatd, esemeawegsaucy foe dPEC e eaertricy 4Plipd O s,

including all of the CMVP c es. The process varjables may include, for
exanpl e, pB'i“’lesﬁisng a%“é‘?t“b‘%lgt)s@!“é?‘}r’%ﬁ%b&@,theparﬂ"‘ﬁﬁtgi Qicﬁh‘?/étPcB’EidP§9°dpﬁCé%r§@re
profilesip acdale dShianbufrdhdt W centr Brdd@pl@l node, sel ected variabl es may

be entered to define |imted machine process operations (e.g., for test or
cal i bration pur pomess)detailn thersiru¢tinee 3td e mredistynt ox &b sxep2dl t@ticad sompdrenlAR of

t he ot her erati .. Su s 25 Lon of. th fer. carrier 208 and
of the pad %@?E%%?ﬁezoﬁé gPﬁﬁ:’%E ? %’ﬁ i ‘{‘%gﬁ}hﬁp%@(ﬂ%%g‘\éﬁ%’gb‘?? %Bhléﬁﬁcﬁgtr’icn
h3), and t héthfrespesso MBiMMYI dribhiafich dRhd centralSdx@yiRiof @it paB @bhdi@dniddad 220.

processi ng b)ﬁ_the machi ne control processor 2110 is to performthe
functi ons B masnele the ditearderring sprepiea s bassee st te sirugiare ohthe headi@20dvmotar S
2106 andiodwedl 8 hdiR ih QhGfdesitea WhndrYh 30 oksE ¢ su%eec@erﬁﬁégdrgy#ﬁfc. T
cycle starts, and in particular once a particular step o such cycle
starts, itexanpleniorhead22@ anchibt pick 218 anp pertrfigedpo ooes Sintygpaodilel see foove 812)

controller ogram 2120. In.general, . within th S 2100, to give
priority tE)ODtE1 %eltﬂﬂq‘(%%‘ﬁgtfoﬂ& of ﬂéﬁe rf?eﬁtév(?églé%lﬁxeﬁgzgé?‘* gﬁm‘*‘%wg agieatioh | e of a
CMP pr ocessrr¢vaS1TRYpakdela MRalefital @nipdferd FRlard and 22 February 2005 45
initialization functions), the machine control processor 2110 has first
priority to theF¥y 2B sthrBatinaly depirthgve ap duee 9f bf mulidplpGnear GRarinf staictures

al I owi n i a i I t her, nece ry
(non- QUL iniiafese defl G TRGODUACROR, dnf 1B pY Bl RE AP NGL bS50

pr ocessi ngincepecdetajl. oThe heinP@agiif) Bowsing 16 @vpedtidddl with Thr&olifdag beaingo 314,

criteria 2122 sh in. Tabl.e 1 (bel ow), ar rovid or determ ni ng whet her
such avai | %ﬁl&ﬂlgﬁ@r@gb@ﬂ%q&gﬂ% £35S 3§§f &P‘EC)FI&?YFS gg(? }f’at"ﬁénew %@Ph%%tﬁs f or
which the sysivemddRW fBylebRs 34 RCoBFbratdsid rpEIAE ShdfR 3bheTRESEN P16t Of
the configuration criteria, it should be understood that there are many

di fferent Madingpisbeapngs dnmpy bethe samet Medeh Naabes FROS weld Iy Padifisf Baanieg,nechi ne
control ™ QGASSA 12 ' I e, the 10.relative
novenent  of thi‘ga\’/vfe{?c ges&qu%B%ﬁ%gf%%g?é%O@T r?géjﬁ%g’&%pg ge %%?ﬁés??dalﬁlt%lgekgdp fy in
t he di r ect menneyfimilae teathateho @0 8HFIGN 2K Ghe A fts A2 mbpBOmade inliksSamkGdhnthdsough

1C- 3, the gontact ,area. APW decrease thhe | ocation of h3 changes. This is
an exanpl eg%s “%@v‘&bf’ heewﬁ€§5peﬂgwtﬁ%§'a§ﬁg$§ge%“_ﬁ"ﬂ“ ‘_’é’é‘ﬁé@?”sﬂ‘lﬁ 106rieliyed taandng
whi ch the catied, bvéehubPSEIBthe pAPE@EBionihR W8ad 330 Thck! HOLQHrick %e&%ﬁ:ﬁ@m,“' ng
t he processi ,ng wor kl oad of the machine control processor 2110 15 during

this CVP cY8icE dutifg cppjastywighthsipolisting aerl 20 isnsupiebied dh Ageteritde foreaFBrG
ot her t hgidatdRd ifPIG. 838RLE : | shi Lhermed by the pad 209 may
requite thglt thelrel ative o%ﬁlﬁj?(glﬁpp%%édtsﬂetﬂggﬁgrﬁgOG and the pad 209 be
changed. This nhydéreribefabove dlG.d Bashowetetinirig otiepaliosdtithgpaadionditiodifg head

exanpl e. he, sane i as the desjre olishing pressure may be required
to changeA%%f} P& 5&“%&'{?%%%;]?%’5 j[5'8I ‘?c%stﬁ? ﬁ@lm&f‘}gg’?ea@ HE2 s8gagshiheexpesedt i s
reached, the fact that the polishing point was reached could dictate that
the pad 209 be noved to a new h3 position (e.g., as shown in FIG 1D 1).
Thus, although the area APWw || change when the pad 209 is noved, the
change in the area APWwi || be based on a factor other than tinme. Thus, the
processi ng wor kl oad of the nmachine control processor 2110 during this CWw
cycle woul d be based on a 25 non-tine-rel ated process event. The position

o b1 ~NN N 1 o . o o o o o o



Processing is necessary to reduce the pressure, such that the processing
wor kl oad of the machine control processor 2110 during t hi s 22¥ebmpey 20aoul d
be based on a non-tine-rel ated, enmergency event. 5 Table 1 Configuration
Criteria 2122 1. Decreasing Polishing Pressure: System 2100: not to exceed
rate of curve L1 in FIG 42B. 10 2. Increasing Pressure (Pressure Ranp):
System 2100: not to exceed rate of curveskll in FIG 42C 3. Pressure
Variation As a Function of a Vari abl e: System 2100 pressure processing

del ay not to,ex urv in FI.G. 42D. on Rate m
27007 15 nTiEt B3R g Bitedtiplina 5P e ey Sonitaly Fo R
under st oodctdpgfied fy e rpﬁd b9 btmegsmk Q8T A iiMfalsy !hE Qéspactive aRuCERAEAhe hérd
system 2100 nay be sel ected t he machine contro processor 2110 wi |l

general |l y m@dﬁéewetwcls&t&areiverﬁ@alawatelea@méarﬁrsﬁ@e@gq Hgs respldedithyf ippuchhe PC
2102 h h
rotual v BBt RUSKRE beft 20708 BGBRAST 1My OF L B IR BN S

| f any ofs trt;e)femﬁmwmtdb@hbad atoeé nﬁylapplgam-eaed@d;c fobe FPYS {(FIG. 2B Oertisallgot
sel ected, and instead a second control system 2124 may be sel ected gFI G

40). As dede¥miadyaspuck RES aydkihehsed 220 The gruchisg %ﬂd’éér@@ﬁ@“tﬂe afl eeyoepl 8 ch
isin a se plsrbza% I I v

access to gﬁp ?al gél%eﬁ ‘%’I"g@gjw Cﬁzﬂg‘?‘?ﬁ'@g?ﬁé capa ?ﬂedl\ﬂgfﬂlle eE%?Zil%dZel&?loﬁ]tel mel y
perform althrtﬂ:f lutelaebqanogne&lstl ABGUIE eltpmisurte:dlrbyof thechead ﬁfﬂ gturoata]lamedctlol mhevei ia anhat
the system 2100 25 does not neet ncerni.ng cr r 1 of.. co | on
CrTtoria BB BUCROETGR SRS Er Bt 3 Pt e s o U g
pressur el gss@RSkdiish@tectbithc IREELFRIGReS Rotfhde stdfhcad?g RoSihe \Wack I M@tﬁr 206

overl apped by the polishing pad 209. The polishing pressure may be
decreased Wgrtiepllyi wiichns paralial te dledét’sllﬂbafs%ltﬁttllﬂés pbihe Sepaeiive ferirad faxeshE 2ter

Tnitial bR S dedRhR e 20 SHEGRS of% TRP ISR fre bl Bl K g en
to the Y aghowa&nFIEr. 2Biaedn®dn the@ulal ), Rid0s a Threesponding Torce CREnislttfahﬁSrréchle

poi nt at V\:hl ch the edge of éhe %d 209 en%gges t he cont act area APWof the
waf er 206, the main beaiinglioysing 46 as7thgverHcal camagrrat fces CE gt fprges FRsCVetmdacts| | ne
of the W g a(@Qclh)4 (FIBE zmsﬁsa%rtdtsn@me%tﬁet isHe&edO\MHO uék%a@.%dan%% s
shown tending to remove the wafer 206 at a higher rate fro parts t he
waf er 206 tdadrcelhpleten®¥fr dde peomittbd moremnant of thaenaid bednimg \wahseng 306 is ésedby,

26 Cor  esparntstnyoy b ERA et FRATRUSL el ol PR UG 1007, Dreabelfeel o

i's shown bg2anmgbeate @tfmtda§ thedodd BEB26312%% the iod®yellbagniNdes w905k lﬁsla@tm lan a
period of tinme fraomtime TOto tinme Tc the pad 209 has renoved a thickness

of TH fr ofafHe sifiketo beet thejloadssll siedak 284 center line hl, whereas in the
same timg peri og §;be t S
ST L Per L Ofh 08 3 A LSRN Sk A UERGTUISIRRY ALY EE° |
I n the con@ker dftheryvader dipricr 20§,ntd ocﬂdtee;mﬁlcomditlmmt@heed 22@ dattpettd aovebut dfe
"end" of t i.shing occurs fromtine TO Far
exanpl e, g ‘%%di%a %ké\qloélﬁ"mg%rhﬁ prixd tf"'ﬂjgn“é’nde oM AUnd]pt gkgn.¢ h‘gg aghonrl] e,

t he end |suw|ngﬁs héraakmiREaudO6f thaabbiteddstriveld Dps@tidier dejliaes Heari} Sth@wWeRNt er
line hl (FLG .42A). Wen that event has occurred, a netrol ogy sensor 2160
mount ed f of3hrdueiBhE14k fa5 exarep! pol i shing, or pad, head 202 nmay output a
signal 135 2162 hayoMp &ys&al 800kl b i f

signal 2162 having a ngsue ot her1 tﬁanwz@%gld%y&t?ggfg%eﬁtde% ?étﬁfe?“easc ual
t hi ckness &fcilitdie medingrepr@@blgt measerements of d\gy:ceaattm florpe$ BB-W, fon exalpde; it ist 0

of 1 he var 58 PONRE B sl Rkt e BB g i R ot

center |inEMR opedatibasr Fas eacilitiet taee pf the Skif@ oaﬁp:t lzesi foPetdiplaiRbdeRWiltst be
controll edég}bcc?r ageel to 20 avoid reno han a desired anpunt of

the waf er CHER hBrke29%h drilitice 3@?#3 é(krrths élamr)29ad§a9)@em 3388 fonthe

cent er Ismeetmer%@@sﬁ %Hg&lﬁttt@ 3§§FCrf§1dt|[:£ tuaata?§¢3 T%i%h?%ﬁuﬁ?%?%%% fided! ned
at the wafer edge 2126, for exanple e rate ecrease | res ure
may vary afechediGMP topel‘tlh@sn‘wtlmut alterfariog) with dle CHP mfaillanOGZonQdengetheﬁnd/ or
accordi ng h from 9 for. exanp

anong ot he?a%tlﬁle 8?% ‘Wﬁfr “Fée\gg&gt re e(Se“tcRés ??8% gtﬁf' é]trF%ﬂmFl“F‘f’%"’rll"éF"ﬁl"sz
the graph in FIG 42B illustrates exenplary rates of decrease of the
polishing pressure. FIG 42B shows a |limt rate LI, a second rate L2 higher
than the rate LI, and a third rate L3, less than LI. Rate LI is the
exenplary limt of the rate of decrease of the polishing pressure, such
that the processor 2110 should not be used for rates above LI (e.g., L2),
and |nstead the system 2124 (FI G 40) woul d 30 be used for rates such as

Y b1 - PNA NN o e



22 February 2005 48 42C. Wth the wafer 206 al so overl apped by the
pol i shing pad 209, the ranp curves of FIG 42C show rates &af hehiuaty 2005
polishing pressure is gradually increased during ranp tinme to a pressure
setpoint. The gradual increase reduces dynam c (notion-induced) changes in
t he shape of the contact area APWof the pad 209, and protects the wafer
206 fromuncontrolled 5 rates of renoval ,sThe shape of the curves in FIG
42C may vary according to the nmaterial fromwhich the pad 209 is nade for

exanpl e, appng.other f h.inF 4 str

oxompl ar y- PR o2 dBand fC %8 in b aPhdRlvieds ot lgs B ano dlE dicheloplarg

third rate éft&curmtiewttwr}rletlspt RahRubtSALS aA 1< SBP] ArYughl SBB. oﬁdsthr at e
of increase of the polishing pressuré, such that the processor 2110 should

not be usethréugh 3Cahew aassmblies of strpeiurgl elements of the ﬁ@Q;mbmemﬂﬁﬁéamcmengst em

2124 (FI G enr crite uratlo
criteria 21‘%5} t%%h%é?g%@%glgnd Cli‘ %a%@aa&r ié’a%\(/:%l?PlgEe ﬁecfu{elqenre’el s a
command toratak Yool bm@éreasrsuxr@det:hﬁppéz@cﬁhom dnbl@ 1&harsgaﬁm|3n4 FIeSSO). eren t he
contact area APWof the pad 209 as a function of tinme TN.  The changes in
the pressulavepirstion bis haqlwwdér Forbatirgiptenpndapplisperertical fogass in upmnd, 42D
conpar es ttr@w,tﬁuét%hgfaqh&mgeectmn BALSPHY Gonlafd LB 1Al icWnbiln B Fl(S: 9135
representing the processing lag, or processing ay, In achieving t

desired pr EEsUBeandhredultiis tlexfore ttled thegpotisisng padﬁﬂ9ngs1tthm apphiy the favaFP aﬁhl e
processi ng

of e pr SLE AFEMIE AR A G rand o el RelG Pt e s oo ve

2136 r eIOIG?Sﬁ Bigphnd NEdAGCR RS aRichiRTRNr (D war) 343UMmQ vVabdtim, Ghioh & h Romiuit
i ndi cates that the system 2124 shoul d be 20 used if the processing del ay

exceeds cu?’%tOZ&@B’“{ﬁaSﬁCﬂﬂ@I %”afoedSEblyl teaiyageuid thék, 262n Adddioaalniesspinlec6t er i a
4, the pad I 0 t art m)V| ng

the pad - FrEtsEpldldes Y KoBLEPBES nERo IR fuliSudh 57 BY Wik BathRk

pad di st ancaendoin\3é4 tomhte howee SEeoh 3t14J fdric[mniﬁgslthel'_vl/z@er ZOZEH& eHEiasies ofiek Qﬁ:hhéres

W th curve ,Zlg rg@rﬁjentr ng a desired velocity (or vel omt;g limt). Curve

2142 repr eHBHPEEH ShBE sPipdle AP sspasately REVIAes the iprdlitics P88 Bé“lf.ﬂlﬁ&&%ed by
t he systmalt%str%ﬁdtgasthfeusa%pqﬁésgﬂe)am?dug@ta' &nBLi08SSH R 18@9@&' %é! 8hs i} PC

2102 to tinely perform all pr ocessi ng requilred. 514b

r epr esent soperitinghide lmetiromOtOy 29ﬁanTtmmed12 1338, alsnprovidas thesfamlitulasi B38ILE by

nal cat es PReRTE e e 0 R R EREG M o SR SR GOLAPTOT o I e

processi ngsdceou BMedTllia/cdnhectMeanﬁe Idﬁvef equties 8t Rtel Wit d6fngctot&not3fow: %1
situations in which the desired vel oci t%gl S represented by curve 21 may

be processERfPEPURE OIS pafr ord gellgeriy 2ehlom Mssytten 280-di | abl e proceSS| ng
capaci t y2f t heTRGoddPect d.

22 February 2005 43 Assﬁrlrl&lnﬁu%h){hqu}%%ega%o %at%ieagan&'rsng ect eﬁgr tfzyc Ewdl{fﬁg to
t hese conf Pgdﬁ@tﬂlblerﬁoonqcmrﬁtﬁ @1@23C)5y§"0 gple@i69 jomythbeectons 342 ahdlI4enwthe The

reci pe edi h define 11 criteria re at e he process in
the form o{; nﬁgtgﬂlgé]t ﬁ% § &E “828%3%") Feneyi 3 83 Pt ﬁdgmzsi’?‘ﬂ“ Cgpld ‘E‘f)ﬁ?w‘tro a
bus 2144 asdtisd d44eidtd ahclovadete NG (Rldper deblione34@MIIhe cart REgREH BlChehSitdsPe

2114 5 may |ncI ud ta corresponding to the list of process variables set

forth in ?Aﬂ Bigstihe Al bparinge supiarddy ami pastiadly framea satiet(eet shewi)pmd2114
from t heaggedaielr i a erate
the above. ﬁf‘efs%?*f K e pa o8y FRE s TR DA BRRARY el 1R ARERB0T
not i on dat spctmrné%mm@e padi lawst sentionl 3¢ tightBQjpined . ¥éhendt isrdefitedeo dq:taaateﬂlﬁZ

(for each Gess ata, .an r data necessar

oper at e thgigpggrfj @ﬂedrweg 10{1 hé iftg ‘:Eg‘gfhgaﬁa‘%(ﬁre ﬁ‘de({]f?{@m @F APRYsertian 4I?th)or
290, for exéwpthe baﬂb&rmgmﬂﬂ§@klt%ms}ﬁpéd £86veldn8 rQ6Hst B8R ubFGiIsBiod 334 1 N
terms of a tablﬁ of sequences in which steps are taken to performthe CW

operations. Ref g 2099 phnsethe PRIom 3e6@iie wrpgr sscioredd?. \Faps pastsée thgupper

i denti fi®dsdchod

i ncl udi ng si xt e%ﬁ%ﬁgfov\%??(g tﬂée:galﬂlr\[}ggr?ja{%{%eﬁisgpgt Eﬁﬁniégwnﬁg%"g?a%ﬁpn?% X

aX| s coor dfheatne) effthe haver eertien 344 t¢ hipplyathe DI 2Qi6:r avarvacmhine(s& arsovt Beg)v athge of
the X rd| nat f the enter of t e retainer ring 282. Since the

center of ?ﬁke%é;? et car rsﬁ‘é’rgafﬂcfﬁma%e%ah@??‘ s dlom Sﬂrﬁearcmﬂ efy@rhe lowgie

val ues of hl and h2 are constant during such cycle. Variable 3 is the val ue

of rl, the radius of the wafer 206. Variable 4 is the value of r2, the

radius of the retainer ring 282. Variable 5 is the value of r3, the radius

of the polishing 20 pad 209. Variable 6 is the value of r4, the radius of

the pad conditioning puck 218. Variable 7 is the value of xgap, the

d| stance bet ween t he edge of the ret a| ner r| ng 282 and the edge of the pad
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22 February 2005 50 In the operation of the system 2100, the processar 2110
defines the edited recipe 2114 in terns of a table of sequ@ﬁé:ggmﬁwzm%h
steps are taken to performthe CVP operations. For each step, all of the
vari abl es are specified and actions are defined. A step nmay be specified by
data representing a command to continue to polish the wafer 206 until an
event occurs. 5 For exanple, the event may be an end detection event in
which the end of the step is when the wafer 206 has the thickness TH2 at a

Cvent “has. BeU 7o, TEna! HeET S0 E B B el M i e MEPRA 4850

may out put pishen OLaped70%h6wn if\FES. GA-IBY a2 absSk YR $pesiid FESI 3B/1 ateddas idtoiat i on
to continue polishi n&ﬁ: he wafer for a set length of tine TN. The novenent
of the met thetaded raehdior tedege 260.wi t h t he pad 209 allows the entire exposed
surface 204 of ASHe : us of
the CWVP operati Eirg}:?: %&g%\%t %g}réjseeggnr?gﬁ) e, oﬁg‘“\?‘g‘ﬁ“?iﬁfh& Sgr}éﬁ%rﬁgﬁtgg%t&g%‘g@a#abl e
may be t Hethpriessueeaidd B talsuglly tHeeDICVReoBer atdwA52)s The foet F¥6ridsiatseal.378uch

pressure P may be selected as the pressur o be lied to either of the
Rafor 206 PHRLSHRG BREPL Bimiiah S anst SPAY el A5 P eSBlHePoTeope) | or
to the congiyel QtiMg348 Chhe P8yt r383 IYWE tHrKiigh thdPdr€378apdsy & G-rin%@@hslﬂfvﬁlsiﬁure P
may be sel ected as each respective separate pressure PW, PRP, and PPC to

be appl i edFi(p Séatte astxspettet mpaifeld hezzl#E shown wi HEs. YB-Agnd8R Theaoedzle 382 is
condi ti oni k 218  _As. an er. .ex such pressures P may be sel ected
by speci fy&gﬁagﬁgmpar@gegﬂ?de&(tg}f@.o,fthtel?g%w%@éssure PW to be applied to the

waf er 20d) . TheFMGl 8_s 5Bf2, tahé 10tshew apth@rd SofteB4nthy iies wivd & tiatiRel poid (her s
of the 20 difference with r,esgect to the pressure PWP. Thus an exenpl ar

y
pressure PHROMINAL thelowsr pretioh d44 I0upply thendr See el 9 PnE hederiP s aseals i ed
by a diffe : : | . i i
when the praoosufy wiph taRt odhiEh SaPHcE Sy IRARbabRs onPhe SO por BCRE.
about 5.5 [sier sRéomPB#4.nFhe hiat(sce eropr 298¢ flows (1Rdugh thepomEs4,tfast adDirmg 388ci pe

2114 in terns of tahl e of 25 seqguences i Leh steps are takep .to
performt hEogpn g&r@??8ﬁ@?leé’uﬂﬁt%ﬂ%(gcweﬁt?fggﬁfgg%ﬁ‘l“nf‘ﬁ?/rgﬁpi%rﬁharie%‘{;ﬂé%te i bed
with refe giGged porFBE5of RO pRRMLEH3andREE 2 8aHRI103 desmntdidd Bhe fidp2983f BlaOWs
the system 2100 as bei ng capabl e of processing any of the separate
pressures HaddsrB&2.applied to the wafer 206, to the retainer ring 282, or to
the conditionin . Y i i pthaon of th tem 2100
bel ow not es sepgi#egéi%&éﬁ%gt&smg? E‘@ﬁee g’gés eé&ggef%gstg{?ughp{phficgrérbelcgeor %‘ﬁéﬁﬁ‘@" t he
waf er 206 om tHedowni yectibve 344 tvhichanated wigh 28dgo it conasdtyr febeveiondi porom g pad
209. The p%d noti on ?gta EISO and the pressure .data 2152 are received from
the bus 21#%°by°tH8 1'6r c&"t BRET SIS erx B pwaily inRereglienty1Hiased; RatagoMithol | er
2120 al sgp ele@ata @sn@cts B8 (FRPIIMIOf 200Readr IRepBanky il 9nal b3t the QE}@“
encoder 2156 that indicates the actual position of the pad 209 at the

vari ous ti fRsHOMTRAHUThe got HE2 baPa shelder (Tieshpen) 2BMshebichdnconpeaer 409 such

actual posjti L .t i a S ut .to.the bus 2144 by
t he pr ocesgrglra@g’ﬁlgﬁ{ei’(izﬁgragl hsgé?)tIl g&ﬁﬁlﬁlgtgst@eq%@ﬁ%%ec lglgl#?,z i 8V b2y Sﬁﬁer“fsi @61 Ja.lf}“"st ep,
t he pressup@t dod & algied wiglya seyhpleshfipedpopclos SRwWiginFISs S 2EasPeing! frovided ighows
a flow cha{t f1651 of, opergbéogs of the proc&ssor 2110. Flow chart 2164

i ncl udes a 'fiPfAls 290 dMEPPE AV EdwEe FRPUEhICHSs e FormRelon00 (Fopesiil the Gopngctis
sequence2s al @ mdwR8ntBRSSHT £1).PARondRR: 4606k BRE 3HEMO KSR iof imﬁﬁ‘yﬁgﬂ‘{h@d by
the pressure data 2152). The output is into the force controller 2120. Such
pressures By 4Peltqaelopd call amplitigr- 410ashowpoint Figh 46¥ sachsdGhRhp pllates Bbthg The

oper ati ons : s n t he. ressur escr,ibed above
with res pe?:lt%ltl%épg}%%oﬁ%c%legrw ﬁlfﬂ)%a(afcglrl %ggé{]r% %,' Vjegﬁh(% “éa?eerq%%tscﬁl ﬁlgpﬂezgg‘

confi guration cFIG.éA-Asi¥22he fRbititigy 3B8EUN ehedfatn® oPthbiAg ARY tHat B\tofkclelad thehe

v er 205 50 16 0l a1, P20 e Lo b e o el S el By
met hod Ny @bing™ 12NexRRa% @ﬁe)\k/ﬂﬂlyzﬁaﬁﬁg![l E et}’l‘(‘i‘)‘u h@e P34 ipe! Ain W%]godsﬁllg%bpm .

15 This command is in the form of pad notion data 2150 out put to the
bus 2144 afiteWngn FIGeh-Aand extendy i apnsh-1¢conngeteubing ¢rodeatandds shawmipdilét 4Rn

vaf or 206, o VRETEAEE, MOUETLER L hoYE ol BB opiRy0a® Wlnebuidf o

the first step of the sequence table, the relative novenent is to the
positions shown in FIGS. 1C-1 through 1C 3. The pad notion data 2150 may,
for exanple, provide that 20 there is to be a basic, or slow rate of

pol i shing pad novenent (velocity) as described with respect to FIG 42E, as
i ndi cated by the curve 2142. The net hod noves to an operation 2174 in which
the actual position of the pad 209 is determ ned. This operation is
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22 February 2005 52 The nethod noves to operation 2178 in which a Force
Program 2184 is processed to determine the product of P ti@FeBrdanr208dch of
three sets of input data representing pressure P (based on the data 2152)
and contact area A (based on the data 2182). The Force Program 2184 is
shown in Appendix B. A first set includes P based on the pressure data 2152
5 corresponding to the desired pressure ?ﬁ\P on the wafer 206 and the
contact area data 2182 corresponding to e contact area APWof the wafer

206 and the pqlishing pad &89. A second set includes pressure P bhased on
the pressure#pls: B 23 g e dYokeFg 8 & meniRld el (g dSkoh e shuskofod e

retainer rpng2@8@ibaABdnd PRuEANY: 3% DRGAR: 984 chgs'E%%degEJ é%:%ﬁa&ﬁﬂi?&f the chid&

contact area APRR. A third set includes pressure ased on the pressure
data 2152 é@*responding to the 10 desired pressure PPC on the puck 218, and

the contact areg data,2182.correspqgndi to the ¢ t are P L n
operation 2178 t'fe r%ugéﬁgﬁ??g ¥ %%uggagsogitﬁeg“p@fﬂ ?‘ﬁ@c"’t %ﬁe:ﬁ?el?’éer g? éﬁc%QWbca}&d
accordi ng tromt pRolsOtegniCriRgErRNhAViBE ré1@sietyt RrdeNpdrdd BEPSEIGEDS| YR: feaReRt i ve
val ues of for clbebfi whi_ ch correspond ?(; they;o;gggs FP- VW FMe?fld FP- C. iQ’%gta
2186 repr eS8t RYReS I B providsy passagevays drepaht whisk dheghl wriendid s ordheleacuem
2179. 15 T oner,at | 88 | i axis (i.e.,
for the ca?ﬁ %?bé‘geg,f%gér[%@g?%e{ﬁi ﬁ:‘g laé dI§ I%SQZ %é“ﬁ‘”’h‘?iﬁ&?‘{ ?ﬁ%?%{}'ta urs ﬁ}eom

t he devi ceeiit? 9rea epthe yeautuimnchut 26X eephGtapple thovacean Fom\tY maMiad d26-keréss
drives the_respectiv orce uat Qr 2153W 2153C, and 290. The data 2186
representi ths ePﬁré s é_ § Fhpek 2%#'cgém{gﬁy’\}gwrmoéﬁdzglﬂs—s@w @e&}tvﬁﬁ?f 348 all
descri bef) aheyand He6Nine\CRudk 2! YRAhAN e MtEALikOBored 2%%@%‘8&1 Déhaf e the
current step, 20 and the nmethod is done, indicating that the current step
has been phriticatinad! tiRegium A48 wilhdefoime thovade 206 ms Mthe pdef iseef rditveydewved

reci pe 2114 in. table of s ces . n i ch e are taken to
performt héEJClr\lﬁlHE )%Quﬁ Fl(())lﬁssl,n (ﬁrﬁgtnco@ E?ﬁgﬁﬁmﬁn“’%?“ 6&@0 ggrsaﬁhﬁeotﬁ?s_ed’ﬁg’oé"tse&e a
next step pays HTPEiagRsBatlylyvaa Bl e, idvembre prdethbly AYERLsIAR R HR S5k bed
with reference to FIGS. 39 and 44. The processor 2110 selects the pressure

data 25 218DIreBRPREIERRMY 192t fify migseps, angd mostprefesnbhigatioyt thirdy toeahwehisetyt abl e
for the q € Rvhi FOF : 0 e 2 b i fferent
than it {)Bre&{lcﬁﬁ/s’ \%éhrlgp]ﬁgrs 1%? lﬁig%%l o%rgétgfrtl%rnoaﬁ #ﬁg C%rglltﬂgcrs éa?’é'ﬁnﬁ%fe CiqzegB')n. hose
next data suppucren sange toednemriednt o as current data inputs to distinguish from
t hose processed r.the prior step..Al sQ, dependi on.the situation, the
val ue of the fegé’%’aZf"gngsﬁg‘fv LT il %9% l?fﬁvﬁ‘ﬁg?“ ok, E and, extanging

val ue of tberagxipppr dueacs3Pof FektdskusShEp2b7 dlfaftherfevéaty AirRYRe FadulifWyrchart
2190 of operations of the processor 2110, with the deScriptions abbreviated
where the Ded¥Wakri3dR aprgssstherpreaof tthe eivak 263 Fhedilny298 iFmade Ebmrmat@i06old 22
Febr uary i i I Iy ich, for the next
top i1 Tpares s HaehiARFoBEL ok HoBPRL AR 37 o A Eiereypleawifh 85
sequent i al hylesoutaperturés lppingsesitedd abynge e fomeBE1r iGctdata0. 8 15id hes IHE BxaM@ES Ur €S
are again Agf’it inr%tglae configuratioon criteria 2122. The nethod noves to an
operation 2108V FVAISE RS gafa“mﬂf%ﬁﬂé‘b%ﬁf’&mﬂv esFaniippations of thespasipgemdig i s
in the forenhé layhe2grapolRt whih 8RB k& 0348 ' ad
notion system 2?70. Theugflr{et hod noves to ogigrpvgiolrg%‘%?lglgp?ﬁs %P%egtfog?glgstem
2170 novesl¥HPad hedaver 2PAmnd ghet fijm 28 caaperate20@niformly hed Eaely idéstrit@@Bthe and
to the r i ! a1 P i 1 may,  f aml e,

brovi de. Thacuitn xHenE e mAEIRR0 IRt B Bl S D Bk e, B ver
descri bed & dervee spleep panicles Gomdditacting the ufed 2urfatb@22ref o dasiwesuto26m 10
operation %ﬂ]dg“ghénr%vas é ch theba ljgﬁl[]lal go.gi tion of the pad 209 is determ ned.
Thi's oper atop sk drisH %‘§ e 2EREy Eramnans tha Wafewsi2AY t he feedback

si gnal 2154 vi alnttheofbefiod b the vzmmmmgsz}w%mkQva@eqezbéisif%b%r1§%gﬂnfaﬂgn2202
performed by the force controller 2120 of the processor Z2110.  The pa

noti on dat B¢ Y9GMLiuck §62 heagis ild of theavafarsDoheilldetseienicd eomialgdvilytht lagisf or ce
controll : AN i the pre res PWP, R, 15
and PPC, ﬁ{ %%]%glhet Vgﬁc\fte p‘%?%ég 2??‘05% 5%9 ﬂ%‘ggffrgﬁ%& élﬁlrﬁe Bt 3’@2@’1 Hg’ivﬁij“"tnh%f{‘ﬁ rrent
feedback sinplied to2h& thirdl porisisdced siusng the chagkanatifot 4020 Qedubé (e (PR es S uhdkr Of

t he Cont ach Ar ea E og&gmﬁwo deferm nes data 2182 internal to the force
control | er "5 £30%F IB'P iR GG PresEscaliows aabinng eresure istor@\the apRR 206nd
APC. The nethod noves to operation 2202 in which the Force Program 2184 is
again 20 sequentially processed to determ ne the product of P times A for
each of three sets of input data representing pressure P (based on the data
2152) and contact area A (based on the data 2182). In operation 2202 the
processing of the three sets of P and A according to the Force Program 2184
results in sequential data representing the values of the forces FP-V W FM
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22 February 2005 54 | ast step has been processed. Moreover, the nore the
vari abl es approach the limts of the configuration criteri @2FcB@iary2085nor e
the processing by the processor 2110 may approach a point at which the data
for the actual CMP operations cannot be tinely processed. If in the

pl anni ng of which CWP systemto use, it appears that such limts wll be

cl osely approached, 5 then the system 21 woul d be used. Providing

Control | abl e Pressures By Separately Processed Pressure Control In the

above descriptions of. t t 2100 and 2124, canfiguration crjteria
s shown s 2 gries, B 255 0 Tl HopS Re e TAIwh Ha) vk A, of sn o
processi NgpgaRRAchiy oPthet 8RriEGil%l 0881 hus el bﬁ:@ nh78 QF thd Gy VRO PREN aal0RS for

whi ch one would sel ect the system 2100. 10 such CMWP operations would
cause any ognifinentlygadicgd flawi efreicihietedn.i ¥ thg pafer 200 és tipmdedetde filme298y ot M

2100 is no l.ec .and i nst ead e_second control istem 2] 24 i

sel oot od PUBESCLE Boo RRe R s R ARG TRGRNY GRRH Mg BEH, TR 1 e e,
incl ude thearRe AR willlibeindasurhily bleetes aChnedbs i fresiny deted30IDNFIG. 3d)e
second architecture 2300, the system 2124 will generally have access to

suf fi ci ent icalinghE dnprepy ©&i8MtAPc apaci ty of the PC 2102, and access to 15
addi tional avai I J {4El r t
processi ng requp?ggétr)?/&?ﬁg@%gn {g%rg)%ﬁ %ﬁhecécﬁ )jegré‘in%dgll'%g&:ﬂﬁea'ﬁ}rﬁ#ed g{'/aétfeh%] 2100
does not nBétwateSdddhfldunfromabemsnifadd dA2Emtqthe pares RY7R of the fagat 297 cardf frdnkn éhe

architecture 0,in which there_i sybstantja uction in _the use of
The avar | alve 2 duistel 1y Seapit 79SS ndcTRk Daisnood FEHET Siler B Pheraise or
the sepai@iiR grekee duatdil h@bssdROdafel 266, RAGEAL ehel WATEL2050M4H Ahd SuckIB2 s
not dependent on the PC 2102 20 for processing capacity, and, for exanple,
i s dedi cat awfl ¢leans the qutescwafei-enptastingputagg dlohe catiadilandds2 Freh¢rlog 048y Dand
t he processj I 2 (Fl G ) ... Secondari,) ch
access rel gllta @23?%}13%@%%% g(gr}g éirzt%gr@ﬂgg %%?orﬁegsosg%go S %’§/°§ﬁ‘ﬁ(ﬂ9rﬁ5/28)¥%8fﬁvs

bet ween t hélnp2oT asd off th2lfllth 398, damingdRe @deturh BRudk@6L &n propdritddnl f8F poididg e
mnimzed. FIG 40 shows the second architecture 2300 of the control system

Q
2124 for cBAMEfariAg Surhdlowsobdedyl waiy 38 tharghghefilyRo%and: the layer 2 ayoid
accor di g5 t&l1eds] : [ i |
Dot een Eheoos Ao ARIRD A patiafs BRE Gl @ 180 kb me Hafer 08 LEAGARED, ,
are noted he filma@93.oTho il mgtedi348 and the memaved siurect26rftiw into & kentRCc@itflAmenst

still provided with .t S S I at S,.210 d 2106. The PC 2102 may
still be t “%e(ﬁ%*\r%%%%?r '%?Gﬁﬁggm%ﬁww‘;%%cm e %ﬁsg?’éﬁﬁ BRphY “leﬂ%cl Vg2
processi ngfroMpAE ayifalll 38N eTEINMED BRRIvidemin Mk SR SoRNAGRSBGHe Qnnected to

equi valent. The PC 2102 wth the O S 2104 is .agfai n referred to as the
processor 9ADSET si¥Rutlesed 32 efthe manifeld §82y Ehomariqld 33%¢xends ypvardlysthepugh the

pr 0CesS 00 oftin @nERGNIRDIRARE 591 arl C 856 0LenicPBE G GIRIARL Blirel FRL b T ent

functions are performed, the machine control processor o secon
ar chi t ect upashdgeth pisthe efbéng 41 is within thi epace bemesic the retatner rid B8e 280 Tk the

processor il lperfornms the ndard f tipns and t initialization
functi ons ﬁ%g? elgééeé' ol ‘8??8‘&?’?%“?%?%‘?1885[%“81 lﬁ‘g‘?éo{%’ il é”q@f\/g‘?‘tS?EPeél.‘“tPﬁ“t he
autonati c immetesidd tell U86.i BBSsuh Iftetanss aRGre@lia Alevanlyl sPRE® ifddreal€ hiohRd i1
related to,a C\VP process. The recipe editor 2116 is provided with the input

by any st aideh 8dg Walhe3om The dppes gide cvall 436 is Ebrigaed from mhatd engiaeering plastia t hat
sel ect edh 9 g&iche 0 . Nvard A a efine one CWVP

o ocese, ) aalchGmar betl MHIRSRGEAILANaRNL MR RRASES plyhe, AERE BRE S

vari abl es) pelpethyl@nptecspttibalateTévdd maddri the tederhark | ERFAICYER RET2H 19- Porc @nkticl S

all of the r.. CNP. aoper at.i,on t. far e processing of. operations
3176 and SRS Eiree iSRS Sa ies TEE SBicn ifer 105 BroRied nalh S Bbing Riaotss
(FIG 44) that sdanedts #hi ofiesfGke BAARY Flthighg 802 is dedi cated. Thus the 15

machi ne control processor 2110-2 also controls rotation of the wafer

carrier 208 and Est he Eggjq 209, and the horizontal notion of the pad head
202 (e.g., chandBsPiate supnlisd thspughdhe spindle 346 andste theupanifolhBambish

i ncl udes3AaisiBRRE tHOPTH L g4 | i 1204 T - r h@d bot h
the processor 2110-2 and of tﬁgh‘%‘ lc?? tggggﬁl%nrngﬁsg}aﬂgggog‘? fiatt{rlln Sgﬁg'v?‘g(?vs'ég‘g‘t he
use of theand KB siney thet geaerpbipdlishiog positierobf the oelemsoring® 282)-vehepsei fler skposd 20
initialization nmethod based on a flow chart 2310 shown in FIG 41. The

met hod noves to operation 2312 in which the machi ne control processor
2110-2 acquires the edited recipe 2114 (e.g., fromthe hard drive 2146).
The nmet hod noves to operation 2314 in which the machi ne control processor
2110-2 executes the edited recipe 2114 and prepares a sequence of the steps
of the CWP process, which may be in terns of the above-described table of
25 sequences in which steps are taken to performthe CVP operations. The
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22 February 2005 56 operation 2316 in which the machi ne control processor
2110-2 outputs an initialization string 2317, including a QafeandrysHI052320.
The conmand set 2320 is structured for conmunication over the RS232 |ink
2304 to the force controller 2302, which is programmed to read the command
set 2320. The command set 2320 has the structure shown in Appendix 5 B,
descri bed below, and to mnimze 1/0 progissing time, is input to the force
controller 2302 only once for each conplete CW° cycle thatis to be
processed. The nmethod noves to operation 2319 in which a process start

sequence i surfage 204 of disevaler 806 s3aoplangm @ RgBrANElY bigRede Withr e daps 899 of the- 2

processes . a . . - i dwar e
b “tho. over Lyt HRET58" THe | iRE ok Ba o 0RLARE h ep FA ol SRANAERRE BRAI2
not i on dat 262806 spaed46r ABWhO® b FIKsB addB)2, ehtteofimht Hitichgedd@ and imlapddaisi on
2322 in which, based on the process sequ , Lhe machi ne trol processor
21102 out pERSCHE fhs PRSTEE AL A [oIHF e S4BT {th k480 FErB RS H e o ABBUHT oo
PWP, PPR, 5 aiiftighRtoh & PRviaeRh kRl i inhardy @irdMd RA6 %5, FIdS8 RES SifowWse
instructions may be input sequentially, but” are preferrably input

si mul t aneoesshynogzie ¢it-gwrigrfted toeditelt te RvaterpdDines thiesgaceA9biHIG 32 aifo slpws15

force controller 2302, nd the resujtin iJ.ity to progess,t t hr axes
L e oankRhirksagig a4 aehdife AR A B dlebion 3 BT OARER e 191 dall B

whet her t he 4 aséunsitRptiNf(od di®uRFOHRSSoN@8e NERN 4pF)aeamaant Mis hilenmahiTie
control processor 2110-2. If a YES answer is returned the nethod noves to

an oper at i B#S3232BY 2 Sitnplies the B gradrs3Sd g theerpralp @44 mdighadirests i DI #idtsridden
t he proc i ) . k t i LS

ot or ot s, SieCRE add oS AEARechch 141 UIAE e BEA Bleh o0k M abowe 1
command setwaR82€@e iasrowhham fiom pperde #48js @sudshiosvnafldvong agaimdt asemdatide (or

paraneters that are used by t orce.controller 2302 i.n. processin e
Cont act - A BLCTBIngG A5, P5 8 B G Han, Bt vasiehick gBy-E1fF RurthBtaBendi x
B, the conwRpdxehd abdd20.04FinehQWeydnaGhdidiaiiis ﬁﬁ% 258 TR0 2Ao PAGANES Sctws (see
Paraneter H returns (or sets) the value of hI, which is the X axis 25

coor di nat eawéw tA®) aBew or sepagehd theasleiry 206 thrqugh armsacky orHmnplar slitrf$2(atwerst s)

t he valu el [ S [ of e c r of .the

ot ai ner 13 His P s 2 st ufle i O AP B8Rl i My SR Rl e Bace
descri bed atbve as the radius of the wafer 206. Paraneter R2 returns (or

22 February 2005 ~7 sets) the value of r2, which is the radius of the
retainer ring 282. Paraneter. . R3 returns (or, sets) the val ue r3, ichis
the radius of t ﬁéﬁ P_&I‘T‘%ﬂi%g d[br_ﬁﬁfe%Gé'flnsﬁébeaﬁ*@ﬁ@wegﬁ_rogtﬂ_ﬂﬁ W%f%( 8& §"é'i“§’fmﬁe

val ue of 1 gurrWakg brohnStht Rfpdr 3ed BBthefkpdcbaipad &aNMK4 bodsndit BEMHE BilBater 352

Par anet er GAP returnsaéor sets) the val ue of x%?p, which is the distance
bet ween t hanklgeslyty tHefrom: & neper ehdhgf sheorcepd). t Rbe dametidfis tdaingsiably the
condi t i o | : i S l.cul at ed bas on..t val ue
of xgap. 2 Bobrpehe e UE R B U Sitel A B E BRI R PR 8 Tl 457
second encslthen ifiriG. Bhgwnlouilet 45Kds hachieddmotiioditewal? 302beid eheSRBOMTH Miacoder

is synchroni.zed with t‘ﬁ% %cod?r 1%’L}SG t hat outputs the signal 2154
i ndi cat i _rlga‘HJ_ﬁ%e“b'(S’ﬁ ¥plgt 8o PE ARG 4 §Wh€g%%t°mldq@ra“!@abﬂﬁp%’&f@th%tuch
synchroni zatdppBsitedo RAIPERERFy WHERE. Mk @m%o LRE 1he Whh&PE wRRSbS iGthe (dnhufQUNt S)

of the second encoder, and paraneter POSIN returns that current position in
i nches. Théawgt4oen Usterttheagioniof a¢nmfugal dorze Jursipoatatiom of v twafer loarrier 208, thea

defi ned i i.n FlGS, -1 and | E- where h3 ranges
romr2 ooy 0yl MR ol 332! e bty 4 ik f0uhady, B0EHF euBive
left and raghthrdughi ansoufler orfive 456cOFid @ilenoifice 456 Randsairaigh thd\kcrang ridy2
return, orbset 0such limts in Eerns of inches. Ta prevent operation in the
event t hat PE§AE0|P Me Sonpiamsentlub daot showm-the seal 4581y pardariim skape pad gaEMS of a
Maxi mum er fQf ihe dabiy X6Nasket bRMiH Is@! ' i lsishigng Jread
202 relative to t hei%I, eft and ri _glhht 6% %@ZF%?%gﬁﬁg&v@Puléh%fhﬁfIsale\ﬂ&?ésc‘ &
exceeded, &HEPedpbetaesrothe gfain bearipadovsins 250 av¢ sheerac@ Ohuok| 262bdn gtiompeer, 20
The para r a sed t et th ressur that are to
be prod ugyﬁb@nﬂrﬁ%’ rtgeg%g%:?%é Eﬁ)cﬁ}ec'(rgﬁée::é t atﬁafcgﬁ S%f%tgwcﬁotﬁe fﬂé‘eﬂ/\g(fge?ongaé? ?Heer
208, and bylutrhd26 anccibe &4 tvasek 052. 2P DIowattdB52rcidand he inddrdide 28251 tiandatty2dshe
force actuator 2153C for the puck head 220. The paraneter POWNis the final
paranmeter that is passed to initiate the calculation by the force
controller 2302 of the forces to be applied to the respective force
actuators 2153W 290 and




25 2153C. The paraneters NOP and NOZ are used in nonitoring the system
2124. For exanple, in the event that it is necessary to st@pFabsuanf200he

cal cul ati ons w thout changing an 22 February 2005 ~8 output, NOP is used.
NOZ is used to both stop any of the calculations and to set all of the
outputs to zero. The paraneters VI, V2, and V3 are used in admnistering
the system 2124. For exanple, for test pgﬁposes, t hese paraneters w |
provi de sanple force voltages to drive the 5 respective force actuators

2153W 290 2153C. P t | i i t T trol
33001 s pr U e 040 Dhp AR BT ALA6  Ber WHEIASCURE JER PSRt he
Contact Arg@edRe Ml spd@04andithdie a Pbﬁﬁpﬁ?%ﬁﬁﬁﬂi?{ﬁ%er e thbirstaddl BoaR, the

force contrdller 2302 may be a programable signal processor (DSP) sold by
L, ogosol , ¢awger Z88d havi ng a per axis processing capacity of about that of a

Chr oo ax o, whi S s el E08cs o SN RERL yid o able BAGRER WPl BT

time TN FmakingrepdaRbRUSEashRMeh@roIahe etdehiic! fofce? 0V Butdie dilapredidéd with
processing the data necessary to output the force data 2186 representing

t he for cesfaciitigs\feennmplin seiprreddio usHgwhe referpnas nuaber d3gdlet piher (MisopemfionEpR
and FPC), D . e . i1 |
orocessor ST HenEs SR BPLad A Tind Mo la0Ctor S8he ilfuJRRILAR SERIR. o
2102 for psamsiag shaguekh2l®ah ahaelmessiy facditeat338PP tibrepdrging ehd puick 21B6andAs a

b ocessi notoner cag Pk 35 R doad s 2 oot driSe Al 8F Bvie AR i Eltb,
control RYsp@Mond WRthbuiShieHERALW I ke CORtRBiation. VEdRideRe: PeRcRsiSAss B0F for

avai | abl e processor capacity. Mreover, it is expected that 0.25
m | | i seconhs pad cpndiiéoning Readl &40, refgegneqyistmeade ¢ the sirag Yimensional exploded wigwreotf or

the force t 0. Sty i A h at | 46 and
2178 of Fi ERCGI0H 8 104 e i B ARRRUAL s BE FIL T BB A S Rcopd”
Thi s conpaves dfEFIasn 10Apda tiat followinb dtsciipions) QMemsdd eletibhed thdd dteckh sdege abgut 15
mlliseconds to process the sanme operations 2176 and 2178 of FIG_ 43 for
each of t h&T FHRIEr 4q deose descrbed ghoye apepdopgribed gsing rederegegynymbery threg Juwgredne

| ar ge UG rOhafihe$rdvRul feriteRd nfibbf ocess the same operations 2176 25 and
2178 of FIG 43 for each of the three axes and for each tine these forces
must be changedFl4shé74xpédiBdhappserbiret of shi@0tutal plemesm\wiinilge first pmbadimentng

time is signifi.cant.. 22 Febr uar b 59 The faregoing |ndicates. that
such accesg(%d;’ lflﬂgalﬁﬁéﬁ?tﬁré’ tg(gn#’?'}ﬁ%r g&g@e@%}? n"fffgkg ISggﬁ(% angichpﬁ%,%%l abl e
processi ngaeapased. yTIRS rotdie tfBCcrh0S 646liRt&fes AR iuP?é'risleéﬁoh%tlQ hfd RNEWérSk&dnof
the force controller 2302, because such controller 2302 is not dependent on

the PC 21084 GGpl BoesHicdgwetaisaliqn 844 g attadhed i erindle R4G that rotieseand zppliesi s
dedi cat ; ' . ratd nd to
the. procasei ! Syesisp A 4 08 Y50 8 8030 ATy Fia b 1B0G g
al so i ndi cspindle tthatalwuprhvides the sfaciitisse3IBB ary $upplyagpefluidnsuchessddetvatee 6dét a
transfer of the initialiLzatjon stri 2317 and the co t. 2320 via the
Rs232 i nk "sa0h < b Epaf B eleReet B bt o e df SRFESEE , ASkiigein heon

t he processpiige Gapaepdratel9iprévigesRbe 24020 336PETPANLPHYING 4 NRUSHSEBMRLER 2
which gives priority to the processing by the 10 OyS 2106 of all operations
necessary FPIHEOPEIM{hedevenectiopgiddoroensipg thepresprics 96 gbsenget of the pusk 218 on

under st o9l (fh@Rek §pat the second control system 2124 perforns operations of

a nethod simlar to that of the system 2100 shown in FIGS. 43 and 44,
except as descr Thedpinile b46edmeptovides EieGacilities BI8LEEr by provialing sslip eingheso

processi ng of data. ma do entirely. .int chi ne contro

processor Q‘i%%é/‘imt %é-‘fs%%(“é’ﬁfe'?wg %{sprﬁcﬁsd’r‘g “Séa?lpgﬁaﬂ[www Sigj‘al)?%ﬁc'@ssi ng
of the CMPdeladntiné fhet Rtces Wepimhe 1k i g sdhar el &BE@W{%J heo '?%%h\!ef‘%u tHeol
processor 2110-2 and the force controller 2302 as described, in each system

2100 and 2PoUshingopei3dens: i Bsslip 1ing 660 i conrgtedthopgh a agngeter (et shommpdn thEhose
oper ati ofyg P18 I L : ti ith
ot a t ot | Gf BechBR o4 ERicud afh ol L PEEEY GOSN BB el
oper at i ons siPWig immiek RWEB seckion 6d4.aMeletring toeFIGNUA, dagoapingektette 8pwiidipdssi bl y

di fferent val,ue f the feedback signal 2154 representing the, actual

posi tion ofes{lﬁgé)bgﬂsego@ niagy ggﬁ\?}écﬁnﬁgt%’@mﬁéééﬁ ogegomec{% 78@:@0&?@ 1B 4Porigng

i ncl udes correspondi ng val ues of the pressure data 2152. In the operation
of the second control system 2124, such input data may represent any of the
situations described with respect to FIGS. 42A through 42E, for exanple, as
wel | as other CWVP processing situations. 25 FIGS. 39 and 40 show the force
actuators 2153W 2153C, and 290. The force actuator 290 is described in
detail above, and may have air pressure supplied according to the output of
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22 February 2005 60 or 46. For convenience, FIG 45 is described with
respect to the actuator 2153W To provide the force correspdidbmgryt2006he
force data 2186 for the wafer 206, that force data 2186 is applied to a
differential anmplifier 2340. The differential anplifier 2340 is al so
provided with the |oad cell signal 264 fromthe wafer carrier 208. The
signal 264 represents the actual force 5;FP-WP on the carrier 208. To the
extent that such force data 2186 and the sSignal 264 represent different

forces, then t anplifier 40 wi | | t. put a signal 2342 representing the
change in ?%0‘?%? d‘@ngerresﬁﬁﬂqne%‘ at THeROT ?#Ehzgfa fl'ﬁ’élsdg‘?@‘;?t FlFPe\‘f“%iaga‘ %l“ﬁ'ﬁa‘ the
processed. cthecsi AReL Wi iRaiHEDRR 8VglYfhecoll 6 (iR upPerNRBIHTBA42C 2y BY Vi® 2344
connected to opposite sides of a piston of a cylinder 2346. The air” from

the val ve S3dus Ty Theipos 70Rdés afignewith noort SAGwROWIGH RiGiel (B4 beingrpraGdaicing

ith f [ h i ff ial sl | 23
2 ust ¢ el S e oF P8 BTk s By B pen i PRI nefi o ufiyh”

actual f oy g@ to\Mdveantb g et 1029.0A c3idudlor MBY eends fRnsBEeoBctdL TN thivagh et h
respect to FIG 45, an el ectromagnetic force actuator 2153C is shown i

n
FIG 46. ThutdPeciuanagheell amphificse/18cthawndr B453e8 segpradetoytde plate S69-helhe
actuator 2 . hSGl i t dat ed
July 4, 20%@&%5%2@})5\%%%&&&2&?%#%2 cg?’-g%/%dafr(%e%&gﬁnﬁﬁg% loc%@?érilesg 0}1 ing to the
force data 2186Tholowteheccpoe k4L 48] upeesecton 4 maidiin ghef standerddadmme2dd3Eritied

applied to a differential applifier 2350, ifferential applifier 2350
"SPal o pr 8FM e T He FBaoleapmea gt s Lk aenuuciesuibed ooy
the puckihedds@Pjoins8e S¢libA 643%dra3ar W%r‘éssﬁh&daéht lidds abRaeandpis¥nQhott he
head 220. To the extent that such force data 2186 and the signal 326
represent Sov) pf deaannactr 665 fo eanemthe wenngaier P41 rlockathe uppdr|seasion $de taathsi gnal
2352 repre I it required at the tine of the step
that is belﬁﬁ‘g&;g)ér}g?:%lsa@égm%;}glgasg%entgﬁ Sggigggact uates a coil 2356 of an

el ect romagnet i cThopauk iR porked Idtenoay pblishingt dedtieand Gthefomgetif). e dawn 2 BSisShown
in FIG 46 to adjust the force FP-CV. In turn, the |oad cell 324 senses the
adj ust ed a8t ndiEe 162516 handdPRat inckidngowa disk-like dayars WeApneSUZR thappresq
may be proyaad f eichtdifer PAi P D05y RRERARA ot dafBond Bkl thifi¥ ?rovf(igﬁ wigad
202 may be noved by either a pneunatic or an electromagnetic facility to
provi de t hperasteons B83 Pladperorations 903 By Peedpetianey ha@(5a $4e ¢laBoutdl ¥hioekss,a

nost preferred enmbodi,ment. of. th orce.actuators 2153Wand 215 I
particul ar ,Eorv%(fﬂflglet ﬁiéhe forqticns 8%{35;5 lg'h%myisﬁreﬁ‘? éver4t§e ﬁﬁ&‘z‘et}@eﬁu?g%‘“wn?ﬁ t he
val ve 2344perfdrited 4arbohotedl 1a7t@1908A i$ hické tpldi@l. OThd p@fordtéd &dd hidkE platédehagér €d
to as a double acting rolling diaphragmcylinder 2370. The cylinder 2370
may be of £HE ISP washidiondgnpteeal. Ahe laxei208ALs igthe fsmapt @i diskehazingiaal
pressur I i ) i 3D t : r d 4 r
boy - Each pries 30 4o TR S ML BRN) YR ALl el o b ol IR

rol l'i ng di spincaaging 233268010 twdli@@T8RE theEgeinddayep ROGNTAS 3&ohd fayer 219Bnistaer

havi ng a val ] e han that .of. the cylinder 237 nd an.jnvagi nat ed

section 23%’@.glgl §cﬁ%ggé¥lf]%r?n2§d}]§51‘n'¢ayaf}ﬂ'xger nﬂﬁelayeésg%%f ?%Emﬁf‘%@s‘ﬁ Slglaﬁﬂr P2
fol d furtheéfdraians ot snfngs 004. URGr@kainple 0f2 bpentigh 904 MaiTRi®R Dftedthlthe Mhgoft he
10 pressur%BPl exceeds the pressure P2, the section 2378P1 will unfold and

| engt hen, {18FcRbRyt 8- WP Spgrs dagboyohpivainghss. (iThe puek 24%)is mpupted\andthet ped
desired ith i ; b O, ; ure
o the SoctRuMRIEpRAPhh Bt 1ot S0a Richhe el T2 SHRAMSaEELEGIE
upwar dl y ( burface @eexthy padb2Q9r ovi de the desired force in the other direction.

A |l inear bearing,2382.15S vi ded between .t cylinder 2370 and the rod of
t he piston 2380%&%& ule?la% hefo{:ﬁ'ﬁgﬁ@et)qgﬁ%ﬂ%n@f\flggedt 5 PPHSCERAN; %ée(raFI§§46 in
FIG 45 tolpapvidasBhend 20 sieove tertRapansbiond tho uppee séc@ibh 842atTared 1ds i ihet he
waf er 206, that force data 2186 is agp_l led to the differential anplifier
2340. The HPREF SFLNRi0AP atmpioydpdfor sherciliies; 335, fdHstioroaSimateowith @ctimilai gnal
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EC2). 15. Wnlwardljr Bowrthe manifad 720 thl!mlghalhwrfofatiﬁmﬁaf,mdvdpﬁmhg&:mrthteglptk@§, gnd. 0 V
DC. Def aul tasY?he puc% 218 and slowly over the lip 900 forming a waterfall slowly flowing off the
chuck 322. In this manner the puck 218 on the chuck 322 is immersed in the DI water 648
and the DI water flowing past the puck 218 purges, or cleans, the puck 218, thereby assisting
15 in the desired conditioning of the polishing pad 209 by the puck 218.
FIGs. 19A and 21 show the facilities 338PS configured as a port 920 to which the
vacuum 695 is applied by the conduit 696. A bore 922 connects the port 920 to a nozzle 924
that is mounted on the puck bearing and load cell plate 308. Tubing 926is connected to the
nozzle 924 and extends upwardly through a through-hole 928 in the main bearing housing
20 306. The tubing 926 is connected 1o a fitting 930 secured to the housing 306. The fitting 930
applies the vacuum 695 to a bore 932 drilled into the housing 306 and aligned with a ridge
934 of the manifold 720. The bore 932 extends to the top of the ridge 934. In this manner,
the presence of the puck 218 properly on the chuck 322 will block the flow of air into the bore
932, causing the pressure in the bore 932 to decrease. This decreased pressure is reflected as
25 decreased pressure in the conduit 696. The conduit 696 is connected to a pressure sensor,
such as a pressure sensor similar to the pressure sensor 299D (FIG. 3C). The pressure sensor
detects the decreased pressure and determines that the puck 218 is properly on the chuck 322.
If the puck 218 is only partly on the chuck 322, or is not at all on the chuck 322, the flow of
air into the bore 932 will not be blocked and the pressure in the bore 932 and thus in the
30 conduit 696 will not decrease. As a result, the pressure sensor will determine that the puck
218 is not properly on, or is not at all on, the chuck 322, such that the polishing operation
should be interrupted.



16. WP2 - returns or sets the value of Fwp, which corresponds to 10 V DC
Default 20 value Fwp( Pwp=10, h3=r2). 17. RPlI - returns or 28&ebruatye200al ue
of Frp, which corresponds to O V DC. Default value 0. 18. RP2 - returns or
sets the value of Frp, which corresponds to 10 V DC. Default val ue Frp(
Prp=10, h3=r2). 19. PO - returns or sets the value of Fpc, which
corresponds to O V DC. Default value O. 22 February 2005 64 20. PC2 -
returns or sets the value of Fpc, which é%rresponds to 10 V DC. Defaul t
val ue Fpc( Ppc=10, h3=r2+rl). 21. PWP - returns or sets the value of Pwp.

Defaul t val ue 1Referthg (PRIG.-23] HelPrddentQhvenbid plobRley # néehod fforFioRirollleg Adltiveval ue
10. 5 23. PPC - returns or sets the val ue o? Ppc. Default value 10. 24. FWP

- returns meersent betveen tie wafes 206apd thEIME, p@hsmgwgd 309.26he meghod magingiuds t he
g]ﬂ” ngt Va%r%’ﬁ]fe?a‘iuoﬁrl%oo D?m%?xl_]t'iu\%ﬁ.l; Wr?ife? 206 81 thee:%u?k ﬁcfzf]uﬁ %thﬁ%&ﬂ&{ ﬁm@{ myal ue

urns or

vol tage. Dehfubos WaldneaxB8NAhwhidh Yhap®Gk . refkﬁed?fb as\énJaﬁls of rsﬁhmmﬁ Dhis &&iuﬁtetlhe
maxi num out put vol tage. Default value O ffh 10 V POW - enabl es
the cal cul Beslm ipflespbedabovexy thojapial p‘mt@amfélse Wty aéw f atlff BAthed moyesias .

Does not ¢ :gﬁ)ntlli‘)GZ ‘Bytgﬂ%t%‘z%tﬁ%/am % of gl' @%ﬁéh‘?@ u]%a!a%@%& lt'l{eaz;x'ls‘)& s?fnn‘feﬂzces

and sets all outputs puts a given value I
volts to tBktéf the;momneddafem&whtrhliysmwmnFIGa 1B elagis|2a0 ischs axo$ o whivhs ar e

di sabl ed. to th :
Vor ks. on y ket FeSc bract B ST aveater iy dife 35 990 S8 5., ¢
gi ven val ugffied waedr 296 ttowirB@atihbiheh PAA 10 WRr &ss @ﬂ’kly}hn‘ﬁfﬁ?rﬁmhﬁs ﬁﬂh&uﬂ; theons

of forces are disabled. 20 35. QUI - exits to DOS Februargl 05 65
APPENDI gltarrow 209V in FIG. 1B. With the rotary tool changer urging the wafer carrier 208 upwardly

and holding the chuck 262 at a fixed position in the direction of the axis 212 of the wafer
carrier 208, the urging operation 1004 causes the pad 209 to impose a polishing force, such as
the force FP-W, on the contact area APW of the mounted wafer 206 eccentrically with
respect to the axis of symmetry 214. In response to the polishing force FP-W, the wafer 206
15 has the above-described tendency to tilt such that the axis of symmetry 214 tends to move out
of parallel with the axis 210, which is the axis of rotation of the pad 209. During the urging,
the method moves to an operation 1006 by resisting the tendency of the mounted offset wafer
206 to tilt while allowing the wafer 206 to move parallel to the direction of the axis of
rotation 210, and along the initial position of the wafer axis 214. The movement along the
20 initial position of the wafer axis 214 is in response to the force FP-WV in FIG. 2A, for
example, and reflects the operation of the linear bearings 232 in response to the eccentric

force

FP-W. The method may also move to an operation 1008, which during the urging operation
and the resisting operation, is performed by measuring the movement of the wafer 206
25 parallel to the direction of the axis of rotation 210 to indicate a value of the polishing force,

i.e., the force FP-W. The operations shown in FIG. 23 are then done.

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

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

30 wafer 206 on the chuck 262 to resist movement of the polishing surface of the pad 209 which

FIG. 1B shows is applied eccentrically with respect to the axis of symmetry 214 of the wafer
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206. The wafer 206 is shown in FIG. 14B as having the edge, or periphery, 301 symmetric
with the axis of symmetry 214. The axis 214 is normally perpendicular to the exposed surface
of the pad 209, The method moves to operation 1012 by providing the retainer ring 282
having a first position (FIG. 12A) surrounding the periphery 301 of the wafer 206 to limit
movement of the wafer 206 perpendicular to the axis 214. The method moves to operation
1014 by urging the exposed surface of the pad 209 and the wafer 206 toward each other so
that the pad 209 exerts on the contact area APW the polishing force FP-W tending to tilt the
wafer 206 and the axis of symmetry 214 into respective positions out of perpendicularity with
respect to the polishing surface. The method moves to operation 1015 by urging the exposed
surface of the pad 209 and the retaining ring 282 toward each other so that the pad 209 exerts
the polishing force

FP-W on the contact area APRR tending to tilt the retaining ring 282 and the axis of
symmetry 288 into respective positions out of perpendicularity with respect to the polishing
surface of the pad 209. The method moves to operation 1018 by the action of the linear
bearings 253 resisting the tendency of the retainer ring 282 to tilt. Such resisting limits the
movement of the retainer ring 218 to movement perpendicular to the exposed surface of the
pad 209. As described above, in this manner the permitted movement of the retainer ring 282
in response to the force FP-R (i.e., movement parallel to the initial position of the axis 212
and 214) is in the same direction as the permitted movement of the chuck 262 and the wafer
206 on the chuck 262 in response to the force FP-W (i.e., the direction parallel to the initial
position of the axis 212 and 214). Further, the resisting in this manner facilitates making
repeatable measurements of the eccentric forces FP-W. Thus, the resisting in operation 1018
of the force FP-W applied to the wafer carrier 208 assists in accurately measuring the force
FP-W, as defined above, even though the force FP-R is eccentrically applied to the retainer
ring 282. The method may also move to an operation 1019 which, during the urging
operations 1014 and 1015 and the resisting operation 1018, is performed by measuring the
movement of the wafer 206 parallel to the direction of the axis of rotation 210. As defined
above, this measuring provides an accurate indication of a value of the polishing force, i.c.,

the force FP-W. The operations shown in FIG. 24 are then done.

As shown in FIG. 25, operation 1015 may include a suboperation 1022 of providing
the plate 260 spaced from the chuck 262. Operation 1015 may also include a suboperation
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1024 of providing the bladder 292 between the plate 260 and the retainer ring 282. Operation
1015 may also include a further suboperation 1025 of operating the bladder 292, such as by
inflating the bladder 292 with fluid at a first pressure. Such inflation moves the retainer ring

282 and the pad 209 toward each other.

5 Referring to FIG. 26, another aspect of the present invention provides a method for
controlling relative movement between the wafer 206 and a chemical machining pad 209.
The method may include an operation 1040 of mounting the wafer 206 on the 262 chuck, the
wafer 206 having the axis of symmetry 214 perpendicular to a polishing surface of the pad
209 and coaxial with the carrier axis 212, and parallel to the axis of rotation 211 of the pad

10 209. The method moves to operation 1042 by offsetting the axis of rotation 211 of the pad
209 from the axis of symmetry 214 of the mounted wafer 206. The method moves to
operation 1044 by resisting movement of the polishing surface of the pad 209 toward the
wafer 206. The chuck support plate 260 is provided for this purpose. The chuck 262 is
movable relative to the chuck support plate 260. The method moves to operation 1046 by

15 providing the retainer ring unit (e.g., ring 282 and base 280) around the chuck 262 for
movement to retain the wafer 206 on the chuck 262 (e.g., assist in placing the wafer 206 on
the chuck 262, FIG. 12B). The retainer ring 282 may also expose the wafer 206 to the surface
of the pad 209 for polishing (FIG. 14A). The method moves to operation 1048 by providing
the chuck 262, the chuck support plate 260, and the retainer ring units (280 and 282) with a

20 plurality of pairs of linear bearing assemblies 230 and 232, each of the assemblies having a
housing 254 or 274 provided with a bearing axis perpendicular to the polishing surface of the
pad 209. Each of the assemblies has the linear shaft 258 or 278 received in a respective one
of the housings 254 or 274. The first set 252 of the assemblies is between the chuck 262 and
the retainer ring units (280 and 282), and the second set 270 of the assemblies is between the

25 chuck 262 and the chuck support plate 260. The method moves to operation 1050 by holding
the chuck support plate 260 at a fixed position along the axis 212 to resist the movement of
the polishing surface of the pad 209 toward the wafer 206. Alternatively, the plate 260 may
be urged toward the pad 209. On either case, the pad 209 imposes the polishing force FP-W
on the mounted wafer 206 and the force FP-R on the retainer ring 282, each force being

30 eccentric with respect to the axis of symmetry 214. In response to the polishing force FP-W
the wafer 206 and the chuck 262 have the tendency to tilt such that the axis of symmetry 214

tends to move out of parallel with the axis of rotation 210. Referring to FIG. 27, during the



/ . dll vi~il a'otin+HT osaZ Co aNO w 1. M
f'11rAA%ys 1.e |ly~v 22 February 2005 22 February 2005

38

holding operation 1050 an operation 1052 is performed by which the first set 252 of the
assemblies is cffective to limit the movement of the retainer ring 282 to movement parallel to
the axis of symmetry 214. During the holding of the chuck support plate 260, for example,
operation 1054 is performed by which the second set 270 of the assemblies is effective to
5 limit movement of the chuck 262 relative to the chuck support plate 260 to movement parallel
to the axis of symmetry 214,
Referring to FIG. 28, the present invention provides a method for controlling relative
movement between the wafer 206 and the CMP polishing pad 209. The method may include
an operation 1060 of mounting the wafer 206 on the chuck 262 with an exposed surface 204
10 parallel to the polishing surface of the pad 209. The method moves to operation 1062 by
offsetting the axis of rotation 210 of the polishing pad 209 from the axis of symmetry 214 of
the mounted wafer 206 with the axes parallel to define an initial orientation of the wafer 206.
The method then moves to an operation 1064 by moving the polishing surface of the pad 209
and the mounted offset wafer 206 toward each other with the exposed surface 204 resisting
15 the polishing surface so that the force FP-W is imposed on the mounted wafer 206
eccentrically with respect to the axis 214. Referring to FIG. 29, an operation 1066 provides
the array 265 of linear bearing assemblies 253, for example, adjacent to the mounted wafer
206. During the moving of operation 1064, the method moves to an operation 1068 by
substantially limiting movement from the initial orientation of the wafer 206 and permitting
20 only movement of the mounted wafer 206 with the exposed surface 204 parallel to the
direction of the polishing surface of the pad 209. The method also moves to an operation
1070, which during the urging operation and the resisting operation, is performed by
measuring the amount of the permitted movement of the wafer 206 with the exposed surface
204 parallel to the direction of the polishing surface of the pad 209. This indicates a value of

25 a net amount of the polishing force imposed on the exposed surface 204.

The present invention also provides a method for controlling relative movement
between the pad conditioning puck 218 and the pad 209 Referring to FIG. 30, the method
may include an operation 1080 of mounting the puck 218 on the chuck 322, the puck 218
having an axis of symmetry 224 (in an initial position). The method moves to operation 1082

30 by offsetting the axis of rotation 211 of the pad 209 and the axis of symmetry 224 of the
mounted puck 218 in parallel relationship. The method moves to operation 1084 by urging

the pad 209 toward the offset puck 218 parallel to the axis of rotation 210 (in the initial
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position) to cause the pad 209 to impose the conditioning force FP-C on the area APC of the
mounted puck 218 eccentrically with respect to the axis of symmetry 224. In response to the
conditioning force FP-C the puck 218 has a tendency to tilt such that the axis of symmetry
224 tends to move out of parallel with the axis of rotation 211. The method moves to

5 operation 1086 during the urging operation 1084 by resisting the tendency of the mounted
offset puck 218 to tilt while allowing the puck 218 to move parallel to a direction of the axis

of rotation 211. The method may also include an operation 1088 performed during the urging
operation 1084 and the resisting operation 1086, by measuring the movement of the puck 218
parallel to the direction of the axis of rotation 211 to indicate a value of the conditioning force

10 FP-CV. Such indication may, according to the present invention, be an accurate indication as

defined herein.

Referring to FIG. 31, the present invention also provides a method for controlling
relative movement between the chemical machining pad 209 and the pad conditioning puck
218. The method may include an operation 1090 of mounting the puck 218 on the chuck 322,

15 the puck 218 having the initial axis of symmetry 224 and a puck surface parallel to the
polishing surface of the pad 209. The pad 209 has the axis of rotation 211. The method
moves to operation 1092 by offsetting the axis of rotation 211 of the pad 209 from the axis of
symmetry 224 of the mounted puck 218. The method moves to operation 1094 by providing
the chuck support plate 308 for resisting movement of the polishing surface of the pad 209

20 toward the puck 218, the chuck 322 being movable relative to the chuck support plate 308.
The method moves to operation 1096 by providing the chuck 322 and the chuck support plate
308 with a plurality of pairs of linear bearing assemblies 304. Each of the assemblies 304 has
a housing 316 provided with a bearing axis perpendicular to the polishing surface of the pad
209. Each of the assemblies 304 has a linear shaft 320 received in a respective one of the

25 housings 316. The assemblies 304 are between the chuck 322 and the chuck support plate
308. The method moves to operation 1098 by holding the chuck support plate 308 at a fixed
position to resist the movement of the polishing surface of the pad 209 toward the puck 218.
The pad 209 imposes the conditioning force FP-W on the area APC of the mounted puck 218
eccentrically with respect to the axis of symmetry 224. In response to the conditioning force

30 FP-C, the chuck 322 and the puck 209 on the chuck 322 have a tendency to tilt such that the

axis of symmetry 224 tends to move out of parallel with the axis of rotation 211, During the
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holding of the chuck support plate 308 at the fixed position the method moves to an operation
1098 in which the assemblies 304 are effective to cause the mounted puck 218 to resist
movement of the polishing surface of the pad 209 and the puck 218 towards each other.
Referring to FIG. 31, the method moves to an operation 2000 to limit movement of the chuck
322 relative to the chuck support plate 308 to movement parallel to the initial position of the
axis of symmetry 224. In this manner the puck surface remains parallel to the polishing
surface. The method may move to operation 2002 by sensing the limited movement of the
chuck 322 relative to the chuck support plate 308 to indicate an accurate value of the

conditioning force FP-CV.

Referring to FIG. 33, another aspect of the method of the present invention relates to a
method of purging the puck 218 for conditioning the chemical mechanical polishing pad 209.
The method starts by an operation 2030 of providing the openings 903 and 904 in the puck
218 through which the fluid 648 may flow. The method moves to an operation 2032 in which
the puck carrier 220 is provided with an upper surface and the lip 900 at the peripheral edge of
the puck 218. The method moves to operation 2034 in which the puck carrier is configured
conforming to the configuration of the manifold 420 of the chuck 262 to spread the fluid 648
completely across the surface of the puck support carrier 220. The method moves to
operation 2036 in which the puck 218 is positioned with the puck support surface oriented

horizontally and the lip 900 extending upwardly from the support surface. The method moves

20 to operation 2038 in which the port 920 and ducts 926 are formed through plate 308 and

25

section 642 of the puck carrier 220 to the puck support surface on which the puck 218 is to be
placed. The method moves to operation 2040 in which the fluid DI water 648 is supplied
through the puck carrier 220 to the port 932 to enable the configuration of the puck carrier
220 (i.e., a manifold} to spread the DI water 648 across the puck support surface within the lip
900 to immerse the puck 218 in the DI water 648 in the reservoir. The supply is such as to
make the DI water 648 flow outwardly from the manifold 720 through the perforations 903
and openings 904 in the puck 218, past the puck 218 and slowly over the lip 900 forming a
waterfall slowly flowing off the chuck 322. In this manner the puck 218 on the chuck 322 is
immersed in the DI water 648 and the DI water 648 flowing past the puck 218 purges, or

30 cleans, the puck 218, thereby assisting in the desired conditioning of the polishing pad 209 by

the puck 218.

1w
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Referring to FIG. 34, another aspect of the method of the present invention relates to a

method of conditioning a polishing pad. The method starts with an operation 2050 in which a
puck 218 is mounted on a chuck 322 with the puck axis of symmetry 224 perpendicular to
polishing surface of the pad 218 and the conditioning surface of the pad 209 parallel to the

5 polishing surface. The method moves to an operation 2052 in which the axis of rotation 211
of the pad 209 is offset from the axis of symmetry 224 of the mounted puck 218 with the axes
224 and 211 parallel to define an initial orientation of the puck 218. The method moves to an
operation 2054 in which the polishing surface of the pad 218 and the conditioning surface of
puck 218b are moved toward each other to with the conditioning surface of the mounted puck

10 218 resisting the polishing surface of the pad 209. The method moves to an operation 2056 to
provide the array 265 of linear bearing assemblies such as 310 adjacent to the mounted puck
218.

Referring to FIG. 35, the method moves to operation 2058 in which during the move
operation 2054 there is substantial limiting of the movement from the initial orientation and

15 permitting only movement of the mounted puck 218 with the conditioning surface of the puck
218 parallel to the polishing surface of the pad 218. The method moves to operation 2060 in
which during the move operation 2054 with the movement limited, the limited movement is
sensed to indicate an accurate value of the polishing force FP-C applied on the area APC of
the puck 218.

20 Referring to FIG. 36, another aspect of the method of the present invention relates to a
method of conditioning a polishing pad. The method starts with an operation 2070 of
mounting the puck 218 on the 322 chuck with the puck axis 224of symmetry perpendicular to
polishing surface of the pad 218 and the puck conditioning surface parallel to the polishing
surface. The method moves to an operation 2072 of offsetting the axis of rotation 210 from

25 the axis of symmetry 224 of the mounted puck 218 with the axes 210 and 224 parallel to
define an initial orientation of the puck 218. The method moves to an operation 2074 of
moving the polishing surface of the pad 218 and the conditioning surface of the puck 218
toward each other. The method moves to an operation 2076 of providing the array 265 of
linear bearing assemblies 310 adjacent to mounted puck 218. Referring to FIG. 37, the

30 method moves to an operation 2078 of using the assemblies 310 during the move operation

2074 1o substantially limit movement from the initial orientation and permit only movement
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of the mounted puck 218 with the conditioning surface parallel to the polishing surface. The
method moves to an operation 2080 of

sensing the limited movement to indicate an accurate value of the polishing force FP-C
applied on the conditioning surface.

5 Referring to FIG. 38, there is shown a graph schematically illustrating how the
pressure B applied to the fluid 293 admitted to the linear motor 290 may be varied with the
amount of overlap OL (FIG. 1B} between the polishing pad 209 on the one hand, and the
retainer ring 282 and the water 206, on the other hand. ). As described above, one polishing
pressure profile may provide that during a step in a CMP cycle, uniform amounts of pressure

10 should be applied to the different exposed and contacted regions 204R. In that situation, as
the area APW of the exposed and contacted regions 204R increases the force FP-W is
increased to have the amounts of pressure be uniform. Processing of the wafer load signal
264 is performed by the system 2100 described below, and the force on the wafer carrier 208
in the upward direction (see F in FIG. 1B) is adjusted as necessary to provide the appropriate

15 force FP-W applied by the polishing pad 209 on the area APW of the wafer 206. A graph of
the type shown in FIG. 38 may be used to select the pressure B applied to the fluid 293
admitted to the linear motor 290 according to the amount of overlap OL (FIG. 1B) between
the polishing pad 209 on the one hand, and the retainer ring 282 and the wafer 206, on the
other hand that is experienced at any given time TN.

20 Providing Controllable Pressures

Central Pressure Control

In the above description, it was noted that the size, or value, of the contact (or overlap)

area AP will vary with respect to time TN, and reference was made to FIGs. 1C-1 through 1C-

3, 1D-1 through 1D-3, and 1E-1 through 1E-3. Referring again to these FIGs., FIGs. 1C-1

25 through 1C-3 identify the X axis-coordinate, or X-coordinate, of the center of the wafer 206 as
h1, and identify the X-coordinate of the center of the retaining ring as h2, and identify the X-
coordinate of the center of the polishing pad 209 as h3, and identify the X-coordinate of the
center of the conditioning puck 218 as hd4. In FIG. 1C-1 the wafer radius is identified as rl,
the retainer ring radius as r2, the polishing pad radius as r3, and the puck radius as r4. There

30 is a space, or gap, between the outer edge of the retainer ring 282 and the outer edge of the
puck 218, and this is identified as xgap. FIG. 1C-1 shows that the value of h1 and h2 may be

set as zero. As a result, the value of h3 is shown as r2, indicating that the furthest leftward
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movement of the polishing pad 209 in this example is to a position tangent with the Y axis
center line of the wafer 206 (at center hl) and the Y axis center line (at center h2) of the
retainer ring 282,

In a preferred embodiment, h3 = 12 is the position of the polishing pad 209 for
5 touchdown, which is the first contact of the polishing pad 209 with the wafer during a CMP
cycle. In this situation, during the CMP polishing cycle, the polishing pad 209 may move as
shown by the arrow 209H {(e.g., to the right). For example, the rightward movement may be
to a position at which h3 is more than r2 and less than the sum of r2, xgap and r1, which may
be at a time TN = T1, which is after time T0. As this movement occurs after touchdown,
10 there are changes in the values of these areas contact APW, APRR, and APC. To illustrate
such changes in the values of the areas AP, in FIG. 1D-1 the area APW is shown at the time
TN = T1 as having a smaller value than the area APW shown in FIG. 1C-1. In FIG. 1D-2 the
area APRR is shown at the time T1 as also having a smaller value than the area APRR shown
in FIG. 1C-1. In FIG. 1D-3 the area APC is shown at the time T1 as having a larger value

15 than the area APC shown in FIG. 1C-3.
To illustrate another aspect of such changes in the values of the areas AP, in FIG. 1E-
1 the area APW is shown at the time T2, after the time T1, as having no value as compared to
the finite values of the areca APW shown in FIGs. 1C-1 and 1D-1. The lack of a value
indicates that there is no overlap (and thus no contact) between the polishing pad 209 and the
20 wafer 206. In FIG. 1E-2 the area APRR is shown at the time T2 as also having a smaller
value than the area APRR shown in FIG. 1D-2. This smaller area APRR is the diminishing
area of contact between the polishing pad 209 and the retaining ring 282. In FIG. 1E-3 the
area APC is shown at the time T2 as having a still larger value than the area APC shown in
FIG. 1D-3. Thus, FIGs. 1C, 1D, and 1E show that, for the same relative movement “x” (e.g.,
25 of the polishing head 209) in the rightward direction of the arrow 209H, the change in the
value of one of the areas AP is different than the change in the value of each of the other areas
AP. In view of this, to achieve the above desired CMP operations, in the present invention the
pressure P to be applied to one of these arecas APW, APRR, and APC may be controlled
separately from the pressure P to be applied to each of the other two areas. Detailed
30 references below to the pressure P refer to the pressure PWP on the contact area APW, the

pressure PRP on the contact area APRR, and the pressure PPC on the contact area APC. One

, a
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aspect of separately controlling each such pressure P is to provide a separate set of processing
instructions for each separate contact area APW, APRR, and APC.
FIG. 39 shows a first control system 2100 for controlling CMP operations to perform
CMP of the wafer 206 according to the present invention. A complete set of CMP operations
5 define the CMP cycle. The control system 2100 includes a PC 2102 provided with separate
operating systems (O/S). The PC 2102 may be a personal computer having a rated processing
capacity of a 600MHz Pentium TM series processor, or equivalent.
A preferred first, or manager, O/S 2104 may be the NT O/S; and a preferred second, or CMP
control, O/S 2106 may be a machine control O/S. The O/S 2106 may be a visual logic
10 controlier (VLC) sold by Steeplechase, for example. The PC 2102 with the O/S 2104 is
referred to as a processor 2108, and PC 2102 with the O/S 2106 is referred to as a processor,
or machine control processor, 2110.
The processor 2108 may perform standard functions, such as video, storage to drives,
keyboard, mouse, etc. The processor 2108 may also perform CMP initialization functions that
15 are not directly related to performing a CMP cycle, including running applications 2112 for
CMP recipes 2114. In an automatic mode, the recipes 2114 are sets of all possible criteria
related to a CMP process. CMP recipe application 2112 includes a recipe editor 2116. Input
to the editor 2116 may be by any standard input unit (e.g., disk) 2118 to select one recipe
2114 and enter into that recipe of all of the process variables necessary to define one CMP
20 process, including all of the CMP cycles. The process variables may include, for example,
polishing rate, pressure ramping, pad motion velocity, pressure profiles, and polishing
duration. In a manual mode, selected variables may be entered to define limited machine
process operations (e.g., for test or calibration purposes).
‘The machine control processor 2110 controls all of the other CMP operations, such as
25 rotation of the wafer carrier 208 and of the pad 209, horizontal motion of the pad head 202
(e.g., changes in h3), and the forces FP-VW, FM and FP-C. A significant part of the
processing by the machine control processor 2110 is to perform the functions of a force
controller program 2120 which runs under the CMP (/S 2106 and controls the forces FP-VW,
FM and FP-C. Once a particular CMP cycle starts, and in particular once a particular step of
30 such cycle starts, it is important to not interrupt the processing of the force controller program
2120. In general, within the system 2100, to give priority to the processing that is necessary

to perform the CMP cycles of a CMP process (as may be compared to the standard and
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initialization functions), the machine control processor 2110 has first priority to the available
processing capacity of the PC 2102. After allowing for use of processing capacity for
overhead and other necessary (non-CMP) functions (2 - 3 percent), about 97 to 98 percent of
the processing capacity of the PC 2102 may be available.

5 Configuration criteria 2122 shown in Table 1 (below) are provided for determining
whether such available processing capacity is sufficient for the CMP operations for which the
system 2100 may be selected. As a preface to the description of the configuration criteria, it
should be understood that there are many different factors that contribute to the processing
workload of the machine control processor 2110 during a CMP cycle. For example, the

10 relative movement of the wafer 206 and the pad 209 may be at a constant velocity in the
direction of the arrow 209H in FIG. 1B. As shown in FIGs. 1C-1 through 1C-3, the contact
area APW decreases as the location of h3 changes. This is an example of how the area APW
may change with respect to time TN during which the relative movement changes. Thus, time
is a factor in determining the processing workload of the machine control processor 2110

15 during this CMP cycle.

The position of the pad 209 may be changed for reasons other than time. For
example, the polishing performed by the pad 209 may require that the relative position of the
wafer 206 and the pad 209 be changed. This may be referred to as reaching a polishing point,
for example. At the same time as the desired polishing pressure may be required to change

20 for set up for further polishing after the polishing point is reached, the fact that the polishing
point was reached could dictate that the pad 209 be moved to a new h3 position (e.g., as
shown in FIG. 1D-1). Thus, although the area APW will change when the pad 209 is moved,
the change in the area APW will be based on a factor other than time. Thus, the processing
workload of the machine control processor 2110 during this CMP cycle would be based on a

25 non-time-related process event.

The position of the pad 209 may be changed for other than process reasons. For
example, when vacuum is used to hold the wafer 206 on the carrier 208, and the system 2100
experiences a loss of vacuum, the polishing performed by the pad 209 must be immediately
stopped. Here, for reasons other than time and other than processing, the pressure must be

30 reduced immediately to avoid loss of the wafer 206 from the carrier 208.
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mechani cal 5 polishing operations, the apparatus conprising: a first
processor pnugewiwedit o provi de pressure data representing the pressure to
be applied to the contact areas during a polishing step; and a second
processor progranmed to process data representing rel ative novenent between
t he waf ers and thglpad i n overl apped contacting positions for providing area
data 10 representing a value of the contact area between the wafer and the
pad in the overl apped positions; the second processor being further
rogramred to process the are ta and the pressure data for providing
Forge dat a repré@gﬁPﬁﬂan H&“@gﬂgﬁ to be applied to the contact areas during
the polishing siqRcrehfinZPolARRBPALsMTe:aSyste@roiogd in claim 1, wherein the
second processor has a processing capacity sufficient for real-tinme control
of the pressure to beotéppickaratee! ciree Ebin HEx 42B.eas of the wafer and of the
ol i shi pad duyr .he i sal i cal l.Lshing operations, the
Euffi Ci gﬁ)cy of #h@gg?%&grggﬁg@%ﬁ%m?Q&é}éi%ﬁaﬂggtlgim ned 20 according to
val ues of vari ati onsndtio édeeedrarss viiree LLhén FIGO®2¢.at e of change of the

pressure, the frequency of the relatjve npvenent between the wafer and the
pad into the overfaiHEdHBEP? PoALUngtigp of yVarigie: Sygemalali ve movenent, and

processi ng points d?egsw;;a&em-&ia%wo%w&d%&%99?5iqtﬁd';.n&dhe chem cal

mechani cal polishing operations.
4. Pad Motion Rates: System 2100:

15 not to exceed velocity of curve 2138 in FIG. 42E.

It may be understood that if none of the configuration criteria is exceeded, the system
2100 may be selected, and the machine control processor 2110 will generally have access to
sufficient available processing capacity of the PC 2102 to timely perform all of the processing
required, provided that the actual CMP operations do not exceed any of the configuration

20 criteria. If any of the configuration criteria is exceeded, the system 2100 is not selected, and
instead a second control system 2124 may be selected (FIG. 40). As described below, the
system 2124 also includes the PC 2102, which is in a second architecture 2300, The system
2124 will generally have access to sufficient available processing capacity of the PC 2102 to
timely perform all of the processing required by the configuration criteria that the system 2100

25 does not meet.

Concerning criteria 1 of configuration criteria 2122, an end detection situation related
to decreasing polishing pressure is described with reference to FIG. 42A, which shows the
wafer 206 overlapped by the polishing pad 209. The polishing pressure may be decreased
with time in order to decrease the polishing rate of the wafer 206 as the desired wafer

30 thickness is approached. Time TN may be an initial time TO as shown in FIG. 1C-1 with the
edge of the pad 209 tangent to the Y axis center line of the wafer 206. The time TO identifies
the point at which the edge of the pad 209 engages the contact area APW of the wafer 206,
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the first processor 1S programe process each seduenti a
novenent dgdriad tﬁd)pztdtm)Qf lias s¢émgpred ethichiess substaopligriessdhdn0THN frétn the waffee 286cond
processor ope anene gﬁ%%ﬁlten1at time, the one novenent data item

bei ng i nput J3GeRto e 5? HF%%ﬁﬁmgggdata items corresponding to the

respectiye one FOUEEBRExtIRFGH AT “eAd detblRn® 8ARBHIPILEESS OF tHeScREOGF METE
to sinmultaneously process the one novenent data itemand the correspondi ng

pressure dsiemin whieh. the polishing occurs from time TO to Tc. For example, the end detection
identifies the end of a step. In this example, the end is when the wafer 206 has the thickness
TH2 adjacent to the center line hl (FIG. 42A). When that event has occurred, a metrology
sensor 2160 mounted for movement with the polishing, or pad, head 202 may output a signal

15 2162 having a zero value indicating the end of the step. The signal 2162 having a value other
than zero may represent that the actual thickness of the wafer 206 at the metrology sensing
location adjacent to the edge of the pad 209 is more than the end point thickness TH2.

In view of the variation in removal rates with respect to the distance from the center
line h1, a decreasc in the pressure applied to the area APW must be controlled accurately to

20 avoid removing more than a desired amount of the wafer 206 (e.g., not more than the
thickness TH1) adjacent to the center line h1 even though the desired thickness TH2 has not
been attained at the wafer edge 2126, for exampie. The rate of this decrease in pressure may
vary according to the material from which the wafer 206 is made, and/or according to the
material from which the pad 209 is made, for example, among other factors.

25 With respect to the configuration criteria 2122, the graph in FIG. 42B illustrates
exemplary rates of decrease of the polishing pressure. FIG. 42B shows a limit rate L1, a
second rate L2 higher than the rate L1, and a third rate L3, less than L1. Rate L1 is the
exemplary limit of the rate of decrease of the polishing pressure, such that the processor 2110
should not be used for rates above L1 (e.g., L2), and instead the system 2124 (FIG. 40) would

30 be used for rates such as L2.

Concerning criteria 2 of the configuration criteria 2122, a situation related to

increasing polishing pressure (a polishing pressure ramp) is described with reference to FIG.
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expected available processing capacity of the PC 2102 to timely perform all of the processing

of the pressure required. Curve 2135 represents a greater lag than a curve 2136 representing

the acceptable amount of lag, such that criteria 3 indicates that the system 2124 should be

20 used if the processing delay exceeds curve 2136 (as indicated by curve 3136).

In the example of criteria 4, the pad 209 is initially stopped, and there is a command to

start moving the pad. FIG. 42E shows the velocity of the pad 209, i.e., change in the pad

distance moved with respect to time TN. FIG. 42E compares velocities, with curve 2138

representing a desired velocity (or velocity limit). Curve 2142 represents the highest velocity

25 that is expected to be processed by the system 2100 using the expected available processing

capacity of the PC 2102 to timely perform all of the processing required. Curve 2140

represents a higher velocity than curve 2138, one that is within the processing capacity of the

system 2124. Configuration criteria 4 above indicates that the system 2124 should be used to

timely perform all of the processing required by the velocity represented by curve 2138.

30 Thus, situations in which the desired velocity is represented by curve 2142 may be processed

by the system 2100 using the expected available processing capacity of the PC 2102 to timely

perform all of the processing required.
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oper at i onsgdited eecigsplldtin germgof dpble of sequences in which steps are taken to perform the
CMP operations.

Referring to Appendix A, exemplary process variables are identified in terms of Figs.

1C-1 through 3 and FIG. 48, and are shown including sixteen such variables. Variable 1 is the

15 value of hl, the X axis coordinate of the center of the wafer 206. Variable 2 is the value of h2,

the X axis coordinate of the center of the retainer ring 282. Since the center of the wafer

carrier 208 does not move during the CMP cycle, the values of h1 and h2 are constant during

such cycle. Variable 3 is the value of r1, the radius of the wafer 206. Variable 4 is the value of

12, the radius of the retainer ring 282. Variable 5 is the value of r3, the radius of the polishing

20 pad 209. Variable 6 is the value of r4, the radius of the pad conditioning puck 218. Variable 7

is the value of xgap, the distance between the edge of the retainer ring 282 and the edge of the

pad conditioning puck 218. The value of h4 is recalculated based on the value of xgap.

Variables 8, 9 and 10 are used to set the pressures that are to be produced by the force actuator

2153W for the wafer carrier 208, by the force actuator 290 for the retainer ring 282, and by

25 the force actuator 2153C for the puck head 220. Variables 11 - 13 are the respective values of

the actual forces of the wafer 206 on the pad 209, and of the pad 209 on the retainer ring 282,

and of the pad 209 on the puck 218. Variable 14 initiates the calculation of the forces to be

applied to the respective force actuators 2153W, 290, and 2153C. Variables 15 and 16 are

used in monitoring the system 2100, For example, in the event that it is necessary to stop any

30 of the calculations without changing an output, variable 15 is used. Variable 16 is used to

both stop any of the calculations and to set all of the outputs to zero.
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representing a firs orce to be applied to the tirst contact area at the
first tinetodvhleatedhrecstatagithec@MiPopesiigiisem bei ng responsive to the first
force data for RE %incr;]tﬁert Qx%mple, one variable of the sequence table may be the pressure P at
which the CMP operation is to be conducted. Such pressure P may be selected as the pressure
to be applied to either of the wafer 206 (pressure PWP), or to the retainer ring 282 (pressure
15 PRP), or to the conditioning puck 218 (pressure PPC). Alternatively, such pressure P may be
selected as each respective separate pressure PWP, PRP, and PPC to be applied to each
respective wafer 206, retainer ring 282 , and conditioning puck 218. As another example,
such pressures P may be selected by specifying one pressure (e.g., that pressure PWP to be
applied to the wafer 206). The values of the other pressures may then be stated in terms of the
20 difference with respect to the pressure PWP. Thus an exemplary pressure PRP that is to be
the same as the pressure PWP would be specified by a difference of zero psi. A pressure PPC
that is to be about 1.5 psi when the pressure PWP is about 7 psi would be specified by a
difference of about 5.5 psi.
Recalling that the processor 2110 defines the edited recipe 2114 in terms of a table of
25 sequences in which steps are taken to perform the CMP operations, a method of the present
invention is described with reference to FIGs. 39 and 43. For ease of description, FIG. 39
shows the system 2100 as being capable of processing any of the separate pressures P to be
applied to the wafer 206, to the retainer ring 282, or to the conditioning puck 218. The more
detailed description of the system 2100 below notes separate aspects of the system 2100
30 applicable to only the wafer 206 or to only the retainer ring 282 or to only the conditioning
pad 209. The pad motion data 2150 and the pressure data 2152 are received from the bus
2144 by the force controller 2120. Via the bus 2144, the controller 2120 also receives a
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pressure data to output second force datda of the force data 10 representing

a second force to be applied to the second contact area at t se d tine;
t he secondepfaeksign Zbg‘i Iyn pReRrEde; Aled tht indisatep g aefupl pesiiony 8{]‘59‘ P"Eff l rA4i ng

the wafer and,tigR (Had ﬂ%hﬁﬁé uﬁaéntip%@aer ™e td e hﬁﬁﬁ&fﬂq%l&%% shéh %u%‘éi gg

the constant pressure on the second contact area at the first tine.

A net hod ofosiiontin espansgtoangioasistar2d 5§ outbe tathelbiue Al 44dydbmpracassau2él® of a

waf er and of a polishi pad in c I cal nechani cal .polishing.o tions,
t he met hod corrp‘g?cé’f(ﬁ'ég Pcﬁg’eosﬁ‘élfegﬁ gaﬁgg’ g r.a B‘F@%q%ﬁ ﬁi"g" éﬁ)? Prre%ﬁurepg% ggé%}na 0
i nput  pr esgEie; dgioRiskifP pREaRE IMg AGe4PLRSHEUE §ldw0 chet appl bedpéraridnieofcmat act
areas during a polishing step; 20 providing a dedi cated processor ot her

p

than the fpresssqsdd@sdiaw charodlts ippladessitishpresationdedon waieh fobare elyibe of
data bei ngstgp@tiﬁﬂgfesgg&aw{abﬁgm%g;ke@%qrysepwﬁgﬁfge%d @9&%@@5@§%§%§t?cﬁ@ﬂthahe

pad i n overlappe ntacti ngy positlons, pressure second
type of daprasspreafsi2162ylaTie output issiatcothe fdree ctadiollart22a0.pBochagaenures magpelite ng

area data representing a val ue of the 25 contact _.are et ween the fer and
the pad i ntotah¥cadysricRseen ?fotﬁ? (MFholishing oggrationg of gwb@%gcy\f'ﬁeorttﬂiamo Bbe of

data; ang) precareE@RCHBEYatRV0% iR esp¥et U5 BICR 43198 488l GALAMPR! BELHS Within the
processing the area data and the pressure data to conpupe force data

r epr esent i egfighretidroergteria dl23e Ahppressdretdatat HE2 cmvtpaerideathetatbe shafer 286 pidbthe
pol i shing S&ll%l?ihg pad 209 are to be urged against each other by an exemplary constant pressure PWP
in the range of zero to ten psi.
The method moves to an operation 2168 in which a pad motion command is output.
15 This command is in the form of the pad motion data 2150 output to the bus 2144 and to a pad
motion system 2170. The method moves to operation 2172 in which the motion system 2170
moves the pad 209 relative to the wafer 206, to the carrier 208, and to the retainer ring 282.
Generally, for the first step of the sequence table, the relative movement is to the positions
shown in FIGs. 1C-1 through 1C-3. The pad motion data 2150 may, for example, provide that
20 there is to be a basic, or slow rate of polishing pad movement (velocity) as described with
respect to FIG. 42E, as indicated by the curve 2142. The method moves to an operation 2174
in which the actual position of the pad 209 is determined. This operation is performed by the
encoder 2156 outputting the feedback signal 2154 via the bus 2144,
The method moves to operations 2176 and 2178 performed by the force controller
25 2120 of the processor 2110. The pad motion data 2150 and the pressure data 2152 have been
received by the force controller 2120. In operation 2176, for each of the pressures PWP, PPR,
and PPC, a Contact Area Program 2180 is processed using the feedback signal 2154
(representing the then-X axis position h3 at the time TN, e.g., for the step being processed).
The Contact Area Program 2180 is shown in Appendix C. In succession, in operation 2176

30 the processing of the Contact Area Program 2180 determines data 2182 internal to the force

controller 2120 representing the respective contact areas APW, APRR, and APC,



5 13. A nethod as recited in claim12, wherein the nethod further

determ nes a val ue of avail abl e processing capacity of the2d&dbwarye§05
processor that processes the data to control a pressure to be applied to
contact areas of the wafer and of the polishing pad in chem cal mechanica
pol i shing operations, the method conprising the further operations of: 10
characterizing steps of the chem cal mechanical polishing operations
according to the avail abl e processing capacity required for real-tine

processing of the re ctive step.at rate.sufficient fo ontrolli t he
pressure to be WF@EEPSV?SHB OPQE'IB‘E’C%%\%“ @g‘f@&%or%éagraﬂfiltsﬁés Bﬁﬁfeé?edgﬂd of
the pol i shid@mRRChépfodfd of PRinfel Ao 8dchFe Gl Netalf inpal dAD IPELsIRE pids@ins P t he
characterizing being with respect to at | east one of the follow ng

char act er i @asednothe dife 2152)sand pontagizreped (bfsed an ithet datn 3182y (The Force Psegram or
the tine r f e, of t. pr re, . f ive
et PGSR bR PIETI S sRiEE BEEIMRTRY s Bl

t he rat e joforiebsontinlgab itheedesipatepressiice FANE ohalie wafeh20d ardhe abntheasdh dae2182
characteristic, 20 determ ning a value of the avail abl e processing capacity

I
of the dedfEHFRAIpEdR HesaniastaiaiARY of B Yaks 0@ and the pelishingaed If gAdpcond
[ espect| Ve itRitbeRsIRAPBAR ¥n i FRUNE Qhia RS BIRSAIMENO URUGRRIJfuk O L he

contact areas e wafer an e polishing pad in"the respective step
of the cheBREah thrgectamar iegd 2(¥ohndsthe oaptaapecatato 4582 @redpbndiAg methh odntag areaci t ed

inclaiml erei.n the processing.is proyided with I nput of. pressure

data 1 epr SRR i fapRebtE e BbsSisbin e Prshine S et i P ng

22 Febr URAY ¥es30® preSstir@PPOloh Shé PtkSt18Pandeel ciifdt Qkdd dathe2 P oaAkipRRdifg to the

determ ning a val ue |selperfor med with respect to the dedicated Erocessor
n

that only pmgastaseARChelntaperation Yhdisthe seqyential peosessing of dierthiepsetp perfatndof of

det erm ni N BrdY, tldg(h% mch' rﬁ%?%xg‘ Fﬁéi QJsgﬁstdw%FeQ S[l(?c%&%t regp%ﬁtri\t%evaﬂfegig? %rgéj

processor conputin € are ta, an en processing the area data dnd
t he 5 presghich cdatspoidtocthenfurtes FROVHE Ridtal FRY eBan i Sireplegeritiag deesé torbe

applied to the contact areas during the polishing step of the sequence. 15.
Appar at us ‘FrSP“‘d?Pbt(l,‘E’é‘gI‘H’ba'ﬂ‘zﬁgd/(?g?w??&}t?ﬁol ling a pressure to be applied to

10 contapd ar eappdhe@odilobs B0Perdfio2 1R8!ih SMicATfoP84khi RisqEMof He AREPAH C2
pol i shing operations, the appafatus conprising: a processor programed to

process dathg retpreegingt amly theepuki Y8) ntby ewiput flvat wee detitre 20l espresautinghthepad
i nt I iti | di dat ti I f
contact - ar BB By R 1R PR PRI L BlpEle Rt R SRR ARV A S o

posi ti ons; arkb2900 ETHerdAGETIBO repieseMihg HE tdIPdctiDg Q¢S FFEIW, BMPIHACRISE atdutpdtea
data and data representing the pressures to be controlled for providing
force dat a2y &5FEsdIbPYrgiotaRbieTeihe dyperagd Wuratiph of EMR progesaing ftthe Eurkenk siep.

during tftﬁamh@memdmagﬂaieatﬁ ok R CERSAte BYd B4n Brdcbddld Of processing

capacity, and being provided w ata for criteria 1ndicating whether the

processor is caBedsllingshattlesaprocessoe 2ptbdedinss thg editedaresipd 21130n gk bta abte dfor
cont | R PER g B8 BR LS  AF  BR hi

oper at i onsprotéseing foff lof¢ ki@p, a next step may be processed by a method of the present invention

described with reference to FIGs. 39 and 44. The processor 2110 selects the pressure data

25 2152 corresponding to the next step according to the sequence table for the next step. Some

or all of the pressure data 2152 may be different than it or they were for the processing of the

prior step (FIG. 43). Those next data inputs are referred to as current data inputs to

distinguish from those processed for the prior step. Also, depending on the situation, the

value of the feedback signal 2154 may or may not be different from the value of the next prior

30 feedback signal 2154.
FIG. 44 shows a flow chart 2190 of operations of the processor 2110, with the

descriptions abbreviated where the description is similar to that of FIG. 43. Flow chart 2190



i ncluding the values of variations in the pressure, the tine rate of change
of the pressure, the frequency of the relative novement beZhEebrupme0Raf er
and the pad into the overl apped positions, and the rate of the relative
novenment. 25 16. Apparatus as recited in claim15, wherein there is a
sequence of the data representing the relative novenent between the wafer
and the pad into successive overlapped pgsitions, and wherein: 22
February 2005 83 for each sequentral item of data representrng one relative

b h f. f
ToVeTEn, Do SN AL o Ut MR AR AR R BT

the cont actwal PPR, dnd EHTEar@\s€qeaftiIBCoudis i(fepREBiedadychhe rpﬁesarr@eassqzﬁz)f WBucher
processes each sequentr al separate area data and a then-current 5

respect i vePrEesBi¢s 8 agein Avithispthe seriigpragon préterd 2%2ure to be controlled at the
correspondi ng r i.al orce
dat o ropresent | b Ehof BRUENo, ) opblallB o5 FHANS bR buff Db il
areas dursi Tigs themasd &tinviee foomerfeint padlofotichpdatsr 2T30sougsut e dietted ahd tethaipad 16,
wherein during the sequence of the data 10 regresent g.the reéﬁ,}rve

movement bBPURETSEm? 1ls dhe Blsthod RovpRle qPRTaHOR 1:%5e‘§§’f B aystegh pb? POESt i ons

the pressufe dabd xrefaﬁ(r@ﬁﬁﬂé WateP SRR RORE cREESSIS Snd B MRS IiRg 26 0T TIRGRA
sequential itemof data representing one relafive movement between the

waf er and mheomdala Zh&) pragcs ssampr.opesideshat fie tis etep dierdat @ bmpolisbigeaadi al | y
provi des separ ate ar.ea e resent B9 | ues th contagt ar in the
over | apped Beé’?f‘t" ﬁslescgﬁ%# T'Bt{l Eé’e‘fﬁtr% sgglfiluﬁ% 9{4& o?lé%sngshoé m‘%’eg% an

sequent i@ @;eaaroatzeg&rreahﬂmﬂe andl piib@udhhﬁ&ﬁdlpﬁi 2tBtia dEl@fmlii&ﬂ UEHiS lopdrhiyon is
providing the force data representing the forces to _be sequentr all'y applied

to the conbutormed iathe gugod 1t5ﬁ8“trPE‘F1§S hedeadbck tignal 21§é"laAb‘i)'%HS 14& as recited
in claimls, "m?ﬁeeh@thwgﬁo% X e?%éﬁ%%%&) Erfd %2 gptl{c F&S@REbRG

di fferent pressures, or each sequ ntr |temo pressure data
t he proces30 gitieqeseesr hH). CIlerpad mmosion data L2il 3 andttbasrpmésumrda%iﬂrﬁé hded Beeand

the area data r s ntin rent val u ntact ar in the
bver | mpoed o DURE ors ooz AL AL R b G S0Rclor Fieh oE e eressres BB Rt | ng
the for cgSaldopHee tRaCuHenRt A?éalafo%amlznﬁﬂlstagmﬁ Becéeﬁpefﬂg trr@c&elar RelbaRk §i@fal 25
22 Febr uarﬁ%ooé 84 19. Apparatus as recited in claim1, wherein the second

pr ocessor aln| supgessiert, llppwetm HY0chgp proresping @ﬁ@edﬁ@rﬁacérﬁeemrﬁvtfd@dllﬁar
criteria ipglLea esrb?tavﬂgé Wilrad) t}%eef%%@%o [2fe feﬁfﬁfr Ir%se%?r?aﬁllceres?yfct{ve%lontact
processing a raté sufficrent for CoNtTo fhe SUrerto b& Eppl i ed
to the conirasstAHweABRRfaﬁdh@@vaf er and of the poI i shi ng pad during the

chem cal 5 mechanical, poli shing g{peratr ons, the criteria including the
val ues of vari at MoMEhod mewes 5p Sperarien 2¢¢%e it Fhish the Eorge RrpgrapgeZlGp I’E'H*éam

pressur ey §elaﬁerfn%ﬁfl pRRENePlo ddd@mik! B bMRuEY PBiRts REEVBER of NRe@lLyr iapd the
pad into the overlapped positions, and the rate of the relative novenent.

|0 20. A né’cttmmrfésntmemr@se@e iPr(basediomthexdatyBET2 iand ondast ereniAn &mpasiron tbe dalde as
to which Oﬁrtézgl Ir{(ﬁfe ShioRR90FRT &%?Sﬂlgpgf%ee%§ sz?tts 6P é‘&ncrﬂ% OCS the 'kgﬁztghe

data to con pressure he ‘con ar e
waf er and PBfogtahe? [3alresults ngseQMtlhlmataFEprem&ng:ﬂﬂe viReHdMhe forcep FPHVOW| AM and

operati OnsFP-th| el“hrg%tatg%ng g:gpersrianstiinrg] %‘retseht‘:?‘)rgelsJ Elrterg)%[pu?tﬁ)x?c{uag]tl Ith%na?lalog I/O device 2179.
25 The method moves to operation 2204 in which, for each axis (i.e., for the carrier 208,
the retainer ring 282 and the puck 218) the output from the device 2179 representing the
respective forces FP-VW, FM and FP-C drives the respective force actuator 2153W, 2153C,
and 290. The respective forces FP-VW, FM and FP-C are output as described above to
achieve the type and duration of CMP processing for this current step, and the method is done,
30 indicating that this current step has been processed.
Having reviewed the flow charts 2164 and 2190, it may be understood that there may

be millions of operations required to continuaily process the data for one CMP cycle until the



15 providing at |least one [imt of available processing capacity indicating
whi ch of the first and the dedi cated processors is capabl e2dFecbroaty-2005e
processing at a rate sufficient for controlling the pressure to be applied
to the contact areas of the wafer and of the polishing pad during the

chem cal mechani cal polishing operations, the at |east one limt of
processing capacity being based on at |east one of the follow ng
characteristics: values of 20 variations 1n the pressure, or the tine rate

of change of the pressure, g& e frequenc f th rel ati ve novene
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sets) the value of r1, described above as the radius of the wafer 206. Parameter R2 returns (or



~GPWXB0PL! ZL! 7#10%\ & () - W " 109%& () -! ki " 10%6G8 () - ! mi #10%6G8 () - ! i #10%aR (
) -1 #109%@e&' () - kIl nmwi [ ML! zL! 7#10% \ 10\\ 10\\ 22 February 2005

10V\ 1 f LATH#10%\ & ()-! LA7T#10%Id&' ()-! AL! 7#10%Id& () - W fL! 7#10%\ & () - Wl
U"#N<MLI Tt " 1090 () -1 "10%@e& ()-!'i" 109 ()-!109& ()-s109& ()-"#109%&' ()-#
9% (1)) WU3ML! YL6#10%

& ()-*1"L6#10%&' ()-*! Lv. #109%K& ()- P! Lv. $10%& ()-PIAL, #10%ld& ()- !tL,
#109%\ & () -

1))))) B+, % uSL! i )" 109%& ()-' 16" 10%& ()- & " 10% () - &s10%& ()-" @O%& ()- 10
10 10 9% / I : : :

10 |_#7a/¢100/ate?e"{5§9 fh%%ﬁé#‘?m@’? js the radius of he, ietainer g 202, Foramerer K3 ms Sl () -
151 ) " 10%efs) the vhIE dF 34,0k A RTKE rabflls f QA LI el PIEO(0) -Parameter R4 returns (or

109&' ()-!10%& ()-S10%& ()-" @O% ()- 10 10~5687 g<< >wX6K1

10! si | 2#1004dV&he(Vatde it XA iicK Is-thé YAdig i Yhe pad conditioning puck 218. Parameter GAP

& ()-"IRL7#109& () -"! RL7#109& ()-"! KL7#10%&' ()-" >>>>>>>?AuS10!' 9" 10%&' () -
I 19" 109%& rfejurns (or sets) the value of xgap, which is the distance between the edge of the retainer ring
5 282 and the edge of the pad conditioning puck 218. The value of h4 is recalculated based on
the value of xgap.

In the second control system 2124 shown in FIG. 40 there is a second encoder (not
shown) in the force controller 2302. The second encoder is synchronized with the encoder
2156 that outputs the signal 2154 indicating the position of the polishing pad 209. For

10 purposes of such synchronization, a parameter POSEC returns the current position (in counts)
of the second encoder, and parameter POSIN returns that current position in inches.

The motion of the polishing pad 209 should normally be within a defined range. The
range is shown in FIGs. 1C-1 and 1E-1, where h3 ranges from r2 to (2 + r3), for example.
Parameters EC1 and EC2 set respective left and right limits for the second encoder.

15 Parameters IN1 and IN2 return, or set, such limits in terms of inches. To prevent operation in
the event that such limits are exceeded, a parameter LIM defines the value of a maximum
error in the x position h3 along the X axis of the polishing head 202 relative to the left and
right limits, If this value of LIM is exceeded, the operation of the pad motion system 2170
will be stopped.

20 The parameters PWP, PRP, and PPC are used to set the pressures that are to be
produced by the respective force actuator 2153W for the wafer carrier 208, and by the force
actuator 290 for the retainer ring 282, and by the force actuator 2153C for the puck head 220.
The parameter POW is the final parameter that is passed to initiate the calculation by the force
controller 2302 of the forces to be applied to the respective force actuators 2153W, 290 and

25 2153C. The parameters NOP and NOZ are used in monitoring the system 2124. For

example, in the event that it is necessary to stop any of the calculations without changing an
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The parameters V1, V2, and V3 are used in administering the system 2124. For

example, for test purposes, these parameters will provide sample force voltages to drive the
5 respective force actuators 2153W, 290 and 2153C. Parameter QUI is an exit to DOS.

The force controller 2302 is programmed to read the command set 2320 and to
process each of the Contact Area Program 2180 and the Force Program 2184. For this
purpose, the force controller 2302 may be a programmable signal processor (DSP) sold by
Logosol, Inc. and having a per axis processing capacity of about that of a 486 series Intel TM

10 processor or equivalent. This DSP processor 2302 has three axis, which means that the three
axes may be processed at the same time TN. Further, because the force controller 2302 is
dedicated to processing the data necessary to output the force data 2186 representing the
forces FP-VW, FM and FP-C (shown in FIG. 40 respectively as FPW, FPR and FPC), and thus
does not process any other data, the machine control processor 2110-2 does not have to use

15 the processing capacity of the PC 2102 for processing the data necessary to output the force
data 2186. As a result, the machine processor 2110 -2 is relieved from the significant
processing workload that the machine control processor 2110 of the first control system 2100
must perform in contention with the processor 2108 for available processor capacity.
Moreover, it is expected that .25 milliseconds will be a typical aggregate (or total) amount of

20 time for the force controller 2302 to simultaneously perform the operations 2176 and 2178 of
FIG. 43 for the three axes (wafer force FP-W, and FP-R, and FP-C). This compares to an
expectation that the processor 2110 would take about 15 milliseconds to process the same
operations 2176 and 2178 of FIG. 43 for each of the three axes (wafer force FP-W, and FP-R,
and FP-C). Given the large number of mips to be used to process the same operations 2176

25 and 2178 of FIG. 43 for each of the three axes and for each time these forces must be

changed, the expected approximate 180 times saving in processing time is significant.
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The foregoing indicates that such access of the machine control processor 2110-2 to

sufficient available processing capacity of the PC 2102 relates primarily to the provision of
the force controller 2302, because such controller 2302 is not dependent on the PC 2102 for
processing capacity, and because such controller 2302 is dedicated to the processing of
5 operations 2176 and 2178 (FIG. 43), and to the processing of similar operations 2200 and
2202 (FIG. 44). The foregoing also indicates that such access is secondarily based on the one-
time data transfer of the initialization string 2317 and the command set 2320 via the RS232
link 2304. Therefore, the system 2124 presents less of a demand on the processing capacity of
the PC 2102 as compared to the system 2100, which gives priority to the processing by the

10 O/S 2106 of all operations necessary to perform the CMP cycles of the CMP process.
It may be understood then, that the second control system 2124 performs operations of
a method similar to that of the system 2100 shown in FIGs. 43 and 44, except as described
with respect to FIG. 41. In particular, while the processing of CMP data may be done entirely
in the machine control processor 2110 in the system 2100 as described, and while the
15 processing of the CMP data in the system 2124 is shared between the machine control
processor 2110-2 and the force controller 2302 as described, in each system 2100 and 2124
the operations 2176 and 2178 of FIG. 43 are performed. Those operations 2176 and 2178 are
also similarly performed numerous times with data that is current for the step that is being
processed. Thus for the operations 2176 and 2178, for example, the input data includes
20 possibly different values of the feedback signal 2154 representing the actual position of the
pad 209 relative to the wafer 206 or to the puck 218, and includes corresponding values of the
pressure data 2152. In the operation of the second control system 2124, such input data may
represent any of the situations described with respect to FIGs. 42A through 42E, for example,

as well as other CMP processing situations.

25 FIGs. 39 and 40 show the force actuators 2153W, 2153C, and 290. The force actuator
290 is described in detail above, and may have air pressure supplied according to the output of

force data 2186. Each of the force actuators 2153W and 2153C may be as shown in FIGs. 45
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or 46. For convenience, FIG. 45 is described with respect to the actuator 2153W, To provide
the force corresponding to the force data 2186 for the wafer 206, that force data 2186 is
applied to a differential amplifier 2340. The differential amplifier 2340 is also provided with
the load cell signal 264 from the wafer carrier 208. The signal 264 represents the actual force
5 FP-WP on the carrier 208. To the extent that such force data 2186 and the signal 264
represent different forces, then the amplifier 2340 will out put a signal 2342 representing the
change in the force required at the time of the step that is being processed. The signal 2342
actuates a valve, such as a pneumatic valve 2344 connected to opposite sides of a piston of a
cylinder 2346. The air from the valve 2344 may drive the piston (not shown) of the cylinder
10 2346 either of two ways in response to the differential signal 2342 so as to adjust the force FP-
WP. In turn, the load cell 263 senses the adjusted actual force.

While the actuator 2153C may be the same as described with respect to FIG. 45, an
electromagnetic force actuator 2153C is shown in FIG. 46. The electromagnetic force
actuator 2153C may be used for the actuator 2153W, and may be as disclosed in U.S. Patent

15 6,083,082 dated July 4, 2000. To provide the force FP-CV, for example, corresponding to the
force data 2186 for the puck 218, the corresponding force data 2186 is applied to a differential
amplifier 2350. The differential amplifier 2350 is also provided with the load cell signal 326
from the load cell 324 of the puck head 220. The signal 326 represents the actual force FP-
CV on the head 220. To the extent that such force data 2186 and the signal 326 represent

20 different forces, then the amplifier 2350 will output a signal 2352 representing the change in
the force required at the time of the step that is being processed. The signal 2352 actuates a
coil 2356 of an electromagnetic motor 2354 that may be actuated to move up or down as
shown in FIG. 46 to adjust the force FP-CV. In turn, the load cell 324 senses the adjusted
actual force.

25 The structure shown in either of FIGs. 45 or 46 may be provided for the pad motion
system 2360 (FIG. 40). Thus, the head 202 may be moved by either a pneumatic or an

electromagnetic facility to provide the described pad motion.
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In particular, while the amplifier 2340 shown in FIG. 45 may be used with the valve 2344,
FIG. 47 shows another structure of the air cylinder, referred to as a double acting rolling
diaphragm cylinder 2370. The cylinder 2370 may be of the type supplied by Control Air and

5 also has a differential pressure actuation via pressure input ports 2372 (for P1) and 2374 (for
P2). Each port 2372 and 2374 is connected to a respective one of two rolling diaphragms
2376P1 and 2376P2. Each diaphragm 2376 has a diameter having a value less than that of the
cylinder 2370, and an invaginated section 2378. Each section 2378 may under the respective
pressure P1 or P2 fold further into itself, or unfold from itself. In more detail, when the
10 pressure P1 exceeds the pressure P2, the section 2378P1 will unfold and lengthen, forcing a
piston 2380 downwardly (in FIG. 47) to provide the desired force in one direction. When the
pressure P2 exceeds the pressure P1, the section 2378P2 will unfold and lengthen, forcing the

piston 2380 upwardly (in FIG. 47) to provide the desired force in the other direction. A linear

bearing 2382 is provided between the cylinder 2370 and the rod of the piston 2380.

15 Using the cylinder 2370 instead of the cylinder 2346 in FIG. 45 to provide the force
corresponding to the force data 2186 for the wafer 206, that force data 2186 is applied to the
differential amplifier 2340. The differential amplifier 2340 is provided with the load cell
signal 264 from the wafer carrier 208. To the extent that such force data 2186 and the signal
264 represent different forces, then the amplifier 2340 will out put the signal 2342

20 representing the change in the force required at the time of the step that is being processed.
The signal 2342 actuates the valve 2344. In turn, the load cell 263 senses the adjusted actual

force,
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1010 Appiikdix A

VARIABLES USED TO DETERMINE PRESSURE AS A FUNCTION OF CONTACT

5 AREA

1. h1 value. Default value 0.
2. h2 value. Default value 0.

3. 11 value. Default value 3.937008 in (100 mm).

10 4. 2 value, recalculate h4. Default value 4.75 in.
5. 13 value, Default value 4.75 in.
6. r4 value, recalculate h4, Default value 4.75 in.
7. Xgap value, recalculates h4. Default value 0.1 in.

8. value of Pwp. Default value 10.
15 9. value of Prp. Default value 10.

10. value of Ppc. Default value 10.

11. cutrent value of Fwp. Default value 0.
12. current value of Frp. Default value 0.
13. current value of Fpc. Default value 0.
20 14. enables the calculation of forces.
15. disables the calculation of forces. Does not change the outputs.

16. disables the calculation of forces and sets all outputs to VO (0 V DC),
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| T KL+#10%8' () - M KL+#10%&' () - M L#109%&' () - mi'! DL#L109%&' () - ni'! KL#109&' () - ni'! D=L#
109%&' () -nt , | L#10% &' ()-i ! <L#109%&' ()-i 109%& ()-"#10%& ()- 10 10

10! |_+#100/&“F§’é@f§4>%u54

|11 DL"#109%&' ()-! DL" #109& ()-! DL#10%& ()-! DL#10%& ()- L#109%& ()-i! <L#10%& () -
i Astuvr S1 CommagdRet() - 1098 ()-" @OY& () -

1. H1 — returns or sets hl value. Default value 0.
2. H2 — returns or sets h2 value. Default value 0.

53. R1 - returns or sets rl value. Default value 3.937008 in (100 mm).

4, R2 — returns or sets r2 value and recalculates h4. Default value 4.75 in.

5. R3 — returns or sets 13 value. Default value 4.75 in.

6. R4 — returns or sets r4 value and recalculates h4. Default value 4.75 in.

7. GAP - returns or sets Xgap value and recalculates h4. Default value 0.1 in,
10 8. POSEC - returns current position in encoder counts.

9. POSIN - returns current position in inches.

10. EC1 —returns or sets left limit for the encoder.

11. EC2 — returns or sets left limit for the encoder.

12. LIM — maximum error in encoder counts below EC1 or above EC2.

15 13. IN1 — returns or sets left limit in inches (corresponds to EC1). Default value 4.75 in.
14. IN2 — returns or sets right limit in inches (corresponds to EC2).
15. WP1 - returns or sets the value of Fwp, which corresponds to 0 V DC. Default value
0.
16.  WP2 —returns or sets the value of Fwp, which corresponds to 10 V DC. Default
20 value Fwp( Pwp=10, h3=r2).
17. RP1 - returns or sets the value of Frp, which corresponds to 0 V DC. Default value 0.
18. RP2 — retumns or sets the value of Frp, which corresponds to 10 V DC. Default value
Frp( Prp=10, h3=r2).

19. PC1 - returns or sets the value of Fpc, which corresponds to 0 V DC. Default value 0.
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10! DLI #109%&' () - $! DLI #109%&' () - $! L1 #10%& ()4 $! RLI #10%& ()-$! RLI #10%& () - $eTrP
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203 5 ¥ GoafeEehdindor BRORP YL ohe (il eatesord i o BE Beratglye ) - @1
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10! R(L2$#10%&' () - e RReti8a b3t 00 () - Y #109& () - % RLALOYE () - % RLAL0& () -
8 YL#10% PWP - returns or sets the value of Pwp. Default value 10.

22. PRP - returns or sets the value of Prp. Default value 10,
5 23, PPC — returns or sets the value of Ppc. Default value 10.
24. FWP — returns the current value of Fwp. Default value 0.
25. FRP - returns the current value of Frp. Default value 0.
26. FPC - returns the current value of Fpc. Default value 0.
27. V0 - returns or sets the minimum output voltage. Default value 0800h (0 V DC).
10 28. V10 — returns or sets the maximum output voltage. Default value 0ffth (10 V DC).
29, POW —enables the calculation of forces.
30. NOP - disables the calculation of forces. Does not change the outputs.
31, NOZ - disables the calculation of forces and sets all outputs to V0 (0 V DC).
32. V1 - outputs a given value in volts to the first board. Works only when the
15 calculations of forces are disabled.
33. V2 - outputs a given value in volts to the second board. Works only when the
calculations of forces are disabled.
34. V3 — outputs a given value in volts to the third board. Works only when the

calculations of forces are disabled.

20 35, QUI — exits to DOS.
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thus, the area of intersection of the wafer with the pad is aqual to;
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Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may 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

5 the details given herein, but may be modified within the scope and equivalents of the

appended claims.

What is claimed is.
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Claims

1. Apparatus for processing data for controlling a pressure to be applied to
contact areas of a wafer and a polishing pad during a step in chemical mechanical
5 polishing operations, the apparatus comprising:
a first processor programmed to provide pressure data representing the pressure to
be applied to the contact areas during a polishing step; and
a second processor programmed to process data representing relative movement
between the wafer and the pad in overlapped contacting positions for providing area data
10 representing a value of the contact area between the wafer and the pad in the overlapped
positions;
the second processor being further programmed to process the area data and the
pressure data for providing force data representing the force to be applied to the contact

areas during the polishing step.

15
2. Apparatus as recited in claim 1, wherein the second processor has a
processing capacity sufficient for real-time control of the pressure to be applied to the
contact arecas of the wafer and of the polishing pad during the chemical mechanical
polishing operations, the sufficiency of the processing capacity being determined
20 according to values of variations in the pressure, the time rate of change of the pressure,
the frequency of the relative movement between the wafer and the pad into the overlapped
positions, the rate of the relative movement, and processing points describing non-time-

related actions during the chemical mechanical polishing operations.

25 3. Apparatus as recited in claim 1, wherein the second processor is
programmed to only process the data representing the relative movement between the

wafer and the pad in the overlapped contacting positions for providing the area data
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representing the value of the contact area between the wafer and the pad in the overlapped

positions, and the area data, and the pressure data.

4, Apparatus as recited in claim 1, wherein each of the wafer and the pad is
5 configured as a disk with the respective contact areas defined in terms of the radius of a
circle, and wherein:
the programming of the second processor defines possible overlapped contact areas
of the circles of each of the wafer and the pad in terms of only one variable, the variable
being the relative position of the wafer and the pad; and
10 the programming of the second processor further defining the force in terms of

only data representing the value of the contact areas and of the pressure.

5. Apparatus as recited in claim 1, wherein there is a sequence of the data
representing the relative movement between the wafer and the pad into successive

15 overlapped positions, the sequence being represented by movement data items, and
wherein there is a pressure data item corresponding to each movement data item, and
wherein:

the first processor is programmed to process each sequential item of movement
data;

20 the first processor is programmed to input to the second processor one movement
data item at a time, the one movement data item being input with all of the pressure data
items corresponding to the respective one movement data item; and

the second processor is programmed to simultaneously process the one movement

data item and the corresponding pressure data items.

25
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specifying the value of forces to be applied to the first contact areas, the apparatus further

5 comprising:
a drive system configured to cause relative movement between the wafer and the
pad into the overlapped positions;
the first processor being further programmed for processing polishing operation
data to specify the chemical mechanical polishing operations, the polishing operation data

10 including a command to the drive system to cause the relative movement, the polishing
operation data further representing the pressure to be applied to the first contact areas of
the wafer and the polishing pad;

the apparatus further comprising a feedback circuit for providing output signals
representing increments of the relative movement;

15 the second processor being separate from the first processor, the second processor
being responsive to both the pressure data and to the output signals representing the actual
relative movement, the second processor successively processing a contact area program
and a force program to provide the force data representing the force to be applied to one of

the first contact areas of the wafer and the pad.

20
7. Apparatus as recited in claim 6, wherein the second processor provides the
force data in two stages, a first stage being in response to the output signals to provide area
data representing a value of the contact areas, a second of the stages being in response to

the pressure data and to the area data to provide the force data.

25

8. Apparatus as recited in claim 6, further comprising:
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wafer and the pad'in overlapped contacting positions, the pressure data being the second
type of data pressure data;
by use of the dedicated processor, computing area data representing a value of the

25 contact area between the wafer and the pad in the overlapped positions, the area data being

the third type of data; and
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value of available processing capacity of the dedicated processor that processes the data to
control a pressure to be applied to contact areas of the wafer and of the polishing pad in
chemical mechanical polishing operations, the method comprising the further operations
of:
10 characterizing steps of the chemical mechanical polishing operations according to
the available processing capacity required for real-time processing of the respective step at
a rate sufficient for controlling the pressure to be applied to the respective contact areas of
the wafer and of the polishing pad during the chemical mechanical polishing operations,
the characterizing being with respect to at least one of the following characteristics of the
15 steps:
values of variations in the pressure, or the time rate of change of the pressure, or
the frequency of the relative movement between the wafer and the pad into the
overlapped positions, or the rate of the relative movement; and
for each of the at least one characteristic,
20 determining a value of the available processing capacity of the dedicated processor
required for the real-time processing of respective step data necessary to control the
pressure to be applied to the contact areas of the wafer and of the polishing pad in the

respective step of the chemical mechanical polishing operations.

25 14. A method as recited in claim 13, wherein the processing is provided with

an input of pressure data representing the pressure to be applied to the contact areas during
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10 contact areas of a wafer and of a polishing pad in chemical mechanical polishing
operations, the apparatus comprising;

a processor programmed to process data representing relative movement between
the wafer and the pad into overlapped positions for providing area data representing values
of contact areas of contact between the wafer and the pad in the overlapped positions;

15 the processor being further programmed to process the area data and data
representing the pressures to be controlled for providing force data representing the forces
to be applied to the contact areas during the relative movement;

the processor having a limit of processing capacity, and being provided with data
for criteria indicating whether the processor is capable of real-time processing at a rate

20 sufficient for controlling the pressure to be applied to the contact areas of the wafer and of
the polishing pad during the chemical mechanical polishing operations, the criteria
including the values of variations in the pressure, the time rate of change of the pressure,
the frequency of the relative movement between the wafer and the pad into the overlapped

positions, and the rate of the relative movement.

25
16.  Apparatus as recited in claim 15, wherein there is a sequence of the data

representing the relative movement between the wafer and the pad into successive

overlapped positions, and wherein:
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for each sequential item of data representing one relative movement between the

wafer and the pad the processor processes the item of data and sequentially provides
separate area data representing values of the contact areas in the overlapped positions; and
the processor further processes each sequential separate area data and a then-current
5 respective item of data representing the pressure to be controlled at the corresponding
current sequential time for sequentially providing the force data representing the forces to

be sequentially applied to the contact areas during the relative movement.

17.  Apparatus as recited in claim 16, wherein during the sequence of the data

10 representing the relative movement between the wafer and the pad into successive
overlapped positions the pressure data represents unchanged pressure, and wherein:

for each sequential item of data representing one relative movement between the

wafer and the pad the processor processes the item of data and sequentially provides

separate area data representing values of the contact areas in the overlapped positions; and

15 the processor further processes each sequential separate area data and the pressure data for

sequentially providing the force data representing the forces to be sequentially applied to

the contact areas during the relative movement.

18.  Apparatus as recited in claim 15, wherein there is a sequence of data items

20 representing different pressures, and wherein:
for each sequential item of pressure data the processor processes the current
sequential item of pressure data and the area data representing the current values of the
contact arcas in the overlapped positions for sequentially providing the force data

representing the forces to be sequentially applied to the respective contact areas.

25
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19.  Apparatus as recited in claim 1, wherein the second processor has a limit of
processing capacity, and data are provided for criteria indicating whether the second
processor is capable of real-time processing at a rate sufficient for controlling the pressure
to be applied to the contact areas of the wafer and of the polishing pad during the chemical
mechanical polishing operations, the criteria including the values of variations in the
pressure, the time rate of change of the pressure, the frequency of the relative movement
between the wafer and the pad into the overlapped positions, and the rate of the relative

movement.

20. A method as recited in claim 12, wherein a determination is made as to
which of the first and dedicated processors to use for processing the data to control the
pressure to be applied to the contact areas of the wafer and of the polishing pad in the
chemical mechanical polishing operations, the method comprising the further operations
of:

providing at least one limit of available processing capacity indicating which of the
first and the dedicated processors is capable of real-time processing at a rate sufficient for
controlling the pressure to be applied to the contact areas of the wafer and of the polishing
pad during the chemical mechanical polishing operations, the at least one limit of
processing capacity being based on at least one of the following characteristics: values of
variations in the pressure, or the time rate of change of the pressure, or the frequency of
the relative movement between the wafer and the pad into the overlapped positions, or the
rate of the relative movement; and

selecting the dedicated processor as having sufficient available processing capacity
to use for the real-time processing of data to control the pressure to be applied to the
contact areas of the wafer and of the polishing pad in the chemical mechanical polishing

operations that have the characteristics requiring the greatest available processing capacity.



