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POLI SHI NG PAD ROTATI NG | N THE OPPCSI TE DI RECTI ON OF THE WAREReBAGKGEROIND OF
THE INVENTION 5 1. Field of the Invention The present invention relates
generally to chem cal mechanical polishing (CW) systens and techni ques for
i nproving the performance and effectiveness of CVP operations.

Specifically, the present invention relates to a wafer carrier utilized in
a 10 subaperture CWP system 2. Descri Etion of the Related Art In the
fabrication of sem conductor devices, there is a need to perform CVP

oper ations, i ncl WMPHABBARNT Y WIHH AMOSEHLLAFING POJASHANG RAPi cal | vy,

i ntegrated circui fﬂ | Qﬁﬂlﬁ R vg) uctures. At
t he substrate Ievgp,lls)’} @ﬁ@f%ﬁﬁwgé dﬁl&é‘}’y&r gaf@é are
fornmed. In subsequent |evels, interconnect netallization |ines are
patterned and electrically connected to the transi stor devices to define
the desired functional device. As is well known, patterned conductive

| ayers are insulated from OFTHEINNVENRMON el ectric material s,
such as ?i i con dioxide. As nore netallization 20 |evels and associ at ed
dielectric layers are forned, the need to planarize the dielectric material
i ncreases. | WePUf thelIaV&itionat | on, fabrication of additional metallization

| ayers becones substantially nore difficult due to the higher variations in

the surface to r . | i talligzation J.i.ne rns
are formed in It%?llg F&Qe tecl:%‘)rgfl@(&?rg{laetr%?%e i,lec@?'yd?‘?%g??qﬁ@t %ec‘&wagasb%t“?%ﬁg@se
performed §Gtehmane rvUafGss "RiralthpradingOthe Borfdrinahbe Andi ffecdivires&\T TP ENS
typically inplenent belt, orbital, or brush stations in which belts, pads,
or br ushesoppréiansedSpesificallpbtheppresent dpyenpon irelatesrie owabst eargerdetilizsd m a
waf er . u ' facilitate and enhance the CVWP operation. Slurry
i's mst%s%‘%%??&#%%@gﬁomo a noving preparation surface, e.g., belt,
pad, brush, and the |ike, and 22 February 2005 2 distributed over the
preparation surface as well as the surface of the sem conductor wafer being
buffed, polighed, or aotherw se prepared by the CMP process. The

di stributi %nBF%c%WQr@ItFQkﬁ%MF‘i shed by a conbination of the novement of
the preparation surface, the novenent of the seni conductor wafer and the
friction createl Bt {abegatione of semisondnstarodevicesathsre dnd nded tor prforar ICHMP

surface. | ypi cal tem a.wafer | unted.on a carrier, which
rot at es in%ggﬁﬁlﬁg%tlﬁ%ﬁggvpp%@?g’ (?Hﬁlngh@%dmﬁrp&gwg% ;ré’plﬁ?atlw SRiegFalkA M
exposedisurdeaies @k ih i fophaliirmatMefepstridurdPP Ak @t bitkhtd RYEE 1rafkddBSdevives

pol i shing pad, which noves or rotates in a polishing pad direction. Sonme

CVP pr ocesdusingaliffisien regioms aresfoyned. i lnsnbsefioant éevils, indeecoraectifetalbieaticnriines he

rotating fer i i ol.i shed b e, pelishing pad. Nornall t he,

pol i shi ngv%éeg a{ﬁ%ggﬂefﬁgte%é:{r&ﬁy §9g€{e§h§ ©r ect{)ar?ﬁ'&g’éd’_ae&’fcei)fﬁ glgén%?hef 5%?‘_6@15
material s. fiiovever devidd. SONR WMoyl paferndd@nBdive Myess HEURUIIRY FAR AP
fixed abrasive particles throughout their surfaces. ‘Depending on the form

of the pol iORIVpAayeriskiydielecyicumptpritlanivek @gl sidicomdioxiflee oS Mexd utetadlizagioch as

NHQOH ok DI i i . di spersed abr.asive particles appl i ed
Lo e BogIeR, 2ha SERLH Bt B BRGRE RO By Beelln pingiize opb P 1RE
bet ween t hangporidlshiregsepadvansutifitnariddidsn, tH9Mehc oPLORLSHE MBNIPRKion layers
encountered while using a typical CVMP system One recurring probl em?’s

prca i . LY
cal | ed "edducemessubstanyiliyanore sliffiguls dee wHbnhigher vanRienssn e suokéstopsgraphy.

In other applications, metallization line patterns are formed in the dielectric material, and

then metal CMP operations are performed to remove excess metallization.

25 In the prior art, CMP systems typically implement belt, orbital, or brush stations in
which belts, pads, or brushes are used to scrub, buff, and polish one or both sides of a
wafer. Slurry is used to facilitate and enhance the CMP operation. Slurry is most usually

introduced onto a moving preparation surface, e.g., belt, pad, brush, and the like, and



the edge of the wafer at a different rate than other regions, thereby
causing a non-uniform 20 profile on the surface of the waf @2 FeBiuary@2095! ens
associated with edge-effect can be divided to two distinct categories. The
first category relates to the so-called "pad rebound effect” caused as a
result of the initial contact of the polishing pad with the edge of the
waf er. The second category will be desgribed below Figure [Ais an
illustration of the pad rebound effect”associated with the prior art. A 25
wafer 202 is nounted on a carrier 100. Subsequently, the wafer 202 is

appl i ed agalisigbutedeveighe preparation swhopjas iwell gsdhe surface of thecwmeandhclar enfer

process. At _a rdaln int in,tine, the d .sur e 102 cphtac t he .edge
b “Che. var deiisBied BaPelof St pishid 3 Jhe NP Brdes o 1Bt AUeE €honn
bounci ng ofdenériBy ect@mplithdd sy yedbinatidtesfaly nfovembatns the Pﬁﬂmﬁﬁéﬁ Afacg ORE
104a. Thereafter, the pad surface conmes into contact with the wafer 202 at
a cont act meznrabpihe gerp®osdRiorovaferiwishe fiinhon ereateditetvyed thusdmzicendioRr
bounces poff_ the %%ef ace of the wafer 202 again, so as to create another
non- cont Act” YR {RRIEPARULN SUIRES rore t he pad surface comes into contact
with the wafer 202 at angther contact zone 104b. However, it bounces off
again. Thus, the #dypisHsCMP systeniag avaferois momated, oaagnsairier.owbishtratateswing & t he

pad surfacey; ike.the t i shed re th ot her
Fogi ons. - adiZetdEof FAET® IRETEAR prBRES: AHiPveg e Ble S Bt "
non- uni f or rofating wlager i3 Appliddukith 6rb: a@'iﬁs@@tpolm'hg?a@,&ﬂﬁibh mives of RRatseaPRd
category of problens associated with the edge-effect is shown in Figure 1B.

As il ustr @olishing pad giseeiions fSasme €MP prosesses sheire thaba sigaifisent fosegebeotised ahaf er
(o o TETBLUNE che BRI NRFer Iondihe FRISRa GOM Moot Bud 00 abae 2 consi dor abl @
e sur face. padaaAI Gy Hetolshing@atied 1 o CME PAters e FmBoas If DORNAGE
Durn-of t of Paa hitEiACAGaNAR st RLCMENdSonPud pEANAREIERSRaPlosdf gy,
ring that rabrudivepattivtesatigaghagitheir surfised| Pepentimgalnythwdsrinl bgthei golisking bad

devi ce area. (gnot her shortcom ng of conventional CMP systens is their
i nability t4hd FIURY CABPAEHT @@ auequsesolioa suolp s é\IH;ﬁlﬁ/ ar B yatesceontainiagi ng

| ayer pyofif, [ Il : r fen. @ at, h nder gone
sone fab§r)i éia imosr%j '([% gﬁhg{s‘)et ar%(télg'sgpﬁ g éﬁag fpe}r%gnftg &@i@ﬁ%@é éaﬁ’ iﬂheéea@eﬁ'te gqng? glbi on
and vari es abrusivhichémnizsissobutiontbetvdea tieoigdishig pud hitbthe afagd. i n Figure 1C-1, in
a 20 typical conventional CWP system the pad surface 102, which covers the
entire wafer susdvag® proflefleThaNBE ehovmRRLd whilk Usif 8Mvdicdll M

202a surface. As a r(al)sujt, alz%nt he regions of1 thsgfgfi n?’@ﬁi ngpﬁ;%rgen&(a)%gé are
pol i shed unequriggproplem steialed fedgeeffeaXavhish sudansedrwhienl thy MR systchn pslishas

shown in Figure 1C- the pad..surface 102 polishes the finishing |ayer

202a, irr e_sﬂgee‘?‘: %G\Pg t%éf Wf@g aﬁ?aa&féb%ﬁt? g}an_t é%‘_“b‘aﬁ??%éj EHENE AMERHBE D

the 25 0 nipsstildGnl My Surfde? of i Qﬁfelﬂo nl’ﬁénfn%ﬁfeiﬁs(dss&iate@ki@l?é(%:e-seﬁ%gtz@an be
a

202a2, 202a3, and 202aa). As is well known, sone circuit ication
appl i cat i onavidedyigitve disttnct eategsrieni Bhe first katemsy oflatemtoctht ad-chlkedripad ketionad i n

order to bupld.a_working devige. .For instance, if.the finishing |ayer 202a
were a di e:égéggtr icguﬁegyagra?regﬁggfﬁqgi IHR%FWSOE%%B‘PIEE’H@ RAdeviih thenedge i rthe o
define net altaféd e sedvid cOREHS Wil Be deasibbdBéighn. 22 February 200S 4 In
view of the foregoing, a need therefore exists in the art for a chem cal

mechani cal pol igbi | S | ed poli,shing
of specifically Fg@géﬁt ﬁg(?h?gsg@ﬁé%ﬁ}gggﬁflée%@%s&fe%?s @%ﬁ‘ggﬁtgﬁﬁ ;grqr)?:t. A

el i m na2d ngvadernr@fgiin oedgd-oafd @aies 10padubehoung, #t etér202anapRRe aghidénnof f
effects. 5 S#JMVARY THE I.NVENTI ON Broadl y s;la)eaki ng, the present invention
fills thesd?® é%fé%"cb@gm p 89t Fdo agamplishi €MPi prpgestre At @ cortaiaipeingin time,
control | ed pobddH r f el.. | | ple ation,
the CMP syst eﬂ?n c%fglﬁgeeg%ggﬁf%s ?%!le{dggﬁfﬁg ‘Yag%\(l)ﬁgﬁrza%ﬁ? "@FQP‘%&L‘{{%%&@ r fites
of the waf éhe pl susfateois sheat bouncingysf ths edgeciahe Wafeg 1héraby ercatitiof OfdR-ddhtaekness

10 t hroughout . M‘n sl eferred enbodi ment, the CVP systemis designed to
i mpl ement  &°P€ 104a. Thereafter, the pad surface comes into contact with the wafer 202 at a contact



rotating carrier in a subaperture polishing configuration, thereby

el iminating the above nentioned drawbacks, edge-effects, padFebtuory)05
effects, and edge burn-off effects. It should be appreciated that the
present invention can be inplenented in nunerous ways, including as a
process, an apparatus, a system a device, or a nethod. Several inventive
15 enbodi ments of the present inventiog are described below. In one

enbodi ment, a chem cal nechanical polishing (CW) systemis disclosed. The
CWP systemincludes a carrier, which has a top surface and a bottom region.
The top surdPBed0r Heweves,the pad purfage d (4 haencey off dheisustnge pbthstveater ks agein,
having a o I € r ed. F Lhel uded (s _a
preparati or%shage{% @% %ﬁfﬂ?@g%gg?}ﬁgﬁgﬁtﬁlg gg'Zg%g%’pﬁcgdH ér%rlg{ p %@g‘g 4% Cﬁglre tion
of the waf dfitotdvatact withahis wak@202nat embihee c@id: izofe QD48 heloSeléra gebdincdshert
wafer. In another enbodinent, a chem cal nechanical polishing (CWP) system
i s di scl ose@ganAThEE; theeregions @f shegialgr £02,hwhigh game infp sovtagt withdhe padesuaface

fixed | 09N it. Ik i ' d . f ' .. A
ot uded 1 o O3 e oA RneA At S afi UL WREE iR VB EREL s 4iS8ave

the fixed lcMRipremRssell vdig widtiéid tﬂgh@\ﬂhrﬂoﬂfunifﬂnﬁ)gﬁ)fﬂé. a first direction or a
second direction. Afirst direction begins at about the center of the

surface to an egigeifin bite el RaRh cBRGinRcSHE WAndichREd ' abgut
the edge of the surface to about the center O%{lﬁgﬁt‘éé&??%@gﬁ%}%gﬁc@@@
head is f urwitethe ¢dgs-efifend ist shobve inFiguretB! dsallustrers} tha bpor-off effe@foctire when

surface, whjch is less than_an entire portion of the surface. 22 February
3b¢ Prareryei ab

2005 5 In R VeH oHi2re srcessively pelished asak makesceantash withrthe gad cvp)
tem i i 0 h i i i rface

st S Ag dussloRerie dg GRGEY SHAR AR WHES, AR habiBhs YA, Tob SRR 20

rotate a wahmunt shpelsubas oxeredon dwr ®igk of Medwhiey 205 ad  résalt R eRAERthce PhsO

included is a preparation head designed to be applied to 5 at |east a
portion of 0RePBlyigathe force than ga fiafimehy smpld cpriae) aremadefingd astthe edgsoeantash of

t he surfac fe rther.ncl ud i onditiopin ead ..

poOSi t i onedezggés ilfc)ljgce't \I%g acéornrsfg(gurewer%lh(?gbr%?'t% &oﬂfeﬁg tﬁ%ﬁ B gtog’gsrgﬂﬁté%g polistede o
condi ti oni mepfaslekhidf 4 Bth ring Gatbehadit UR! ddge REABE Lniabld, thelc® Wiilih@smicod t he
waf er. The conditioning head is further designed to del i ver "the pr epar ati on
head asl? hélepicepsrati on head is noved onto the top surface of the wafer. 10
Alternatively, the conditioning head is designed to receive the preparation
head as the prefaethen shertbemihgi of convetiopslt GMPheysiemsdi thedninabiline fdpolhahe
advant ages off th reisngnéo% vention are.nunerous. Primaril ){ rat her than
pol i shi ng arfteesHl heyplshe0olongp desired finishie layenarafile. (Qrdinarily, dhessprfage of of
the waf er ivfeUBtaaHadlunderhit so,rﬁehﬂnﬁéﬁ?i%ﬂ%ﬂdgg@ b6t asaiﬁefe'ﬁ} RE&ELSE! e and
controllably, polishes 15 specifically targeted wafer surtace reglons.

Thus, in owententsgiinnandt varichén Gidknssssdue o tiznedge. nedidlutteatédin PigutehEC-1, in a

t opography .of. the finishi ayer, thereby creating a finishing |ayer
havi ng g@uﬁm“c‘f‘ﬁ PR LOR s@gj{ﬂh F{ﬂf‘éﬁ‘ro{ﬁF .paﬁrg‘lléfaﬁﬁ {19 nWhich coxers 4pe entiseewafer
confi gur at isgia@f ist eRighdd> ' ] ' i ary.i. e

i npl enent ed, _subst ant’i al Itcf/@lif?n‘fdr{get g‘%ﬁ%ﬁ*&?@? gic)?%gﬁgagg FAeSbaoﬁ?llHt’eapf%%t S
and edge buaegiows of ethé elinishing Jeydral@th wiet Ipolished pudtidr thar finishinpt hesr 202a is

advant ages a&z‘ﬁ_@j ﬁtﬁftw,rh t he subaperture CVP system include, wthout
i mitati ondUOSfhaly ffats) Thus, gheshovpdnfigwe, 1Ge thengad shifass, 105 @olighss the
owner shi p. figidhele RQETNE, RAhRAVAHE Y e ih ' he {hi
apparent fromt hge ?ol | ow ng%ﬁet alled ﬁg‘é}gﬁopll&le’on#@%gﬁﬂg\gﬁec%lﬁ%fg\%@oﬂﬁe W th
t he accdhpdinshing ldyeai0Ay s bd hdnsetifcati (hg., bypoisty 2022, 23623 2026) @ndLONRG). PAes of
t he inventi,on, 21?:1 Brief Descrj ptlf')on .of the Draw ngs )
is"well known, Some circuit fabrication applications require that a certain thickness of
material be maintained in order to build a working device. For instance, if the finishing
layer 202a were a dielectric layer, a certain thickness would be needed in order to define

metal lines and conductive vias therein.



The present invention will be readily understood by the follow ng detail ed
description in conjunction with the acconpanyi ng draw ngs, 2akdbduatye2005

ref erence nunerals designate |ike structural elenments. Figure |Ais an
illustration of the pad rebound effect associated with the prior art. 30
Figure 1B is an illustration of the edge burn-off effect associated with
the prior art. 22 February 2005 6 Figure 1C-1 is a cross-sectional view
of a wafer revealing the non-uniformtopography of a wafer. Figure 1CG-2 is
a cross-sectional view of a typical post-CWP wafer. Figure 2A-1 is a,

pl an-vi ew of a butiewef therferegviRgsyseedthereforeacdds thethe ertvipn hehsmical meghaueakent
of the present .invention. Figure 2A.2 is.a cross-sect.ional view.of a
Subaper { ur POBRBNE R, tha srables JrCRon il ety aplisting oF sRecificsliytorgpigd
retai ner ring.andbh ok e hild iRGAMIAIRSn Mg ARQidyeldee IR TR rettfunl he
present invention. Figure 2A-3 1s a pl'an-view of a subaperture CWP system
i Il ustrati reffectscamimdgerbmin-dffeffécts.he primary head fromthe center of the
wafer to the edge of the wafer, in accordance with yet another enbodi nent
of the psesent invention. Figure S¥vm¥iaRe of THEISSESHON onal view of a
subaperture CVP system revealing the fixed position of the secondary head,
i n accor dance wBtdadin spenkingothecpresembdeventon fids there needs btnroviding b system
Figure 2B-1,is a diagramof .a contact area at i en e of the
primry heXdS smff’g?f‘ 1 REGFISARn 30@503@&1’0&5 e eOf\?\llg}’cér ur 58%80?%?%&?% (%[geo nk
enbodi nent jRflehBfalé e SBOLCMPVERIchP Ran be GMA® &Bfalldvs the tpdgraphy Off e eytract
area at a time when the primary head has noved away fromthe center of the
waf er, accsuriicesy of shanaiféreso enfsodiremtata bajen pusfase.ewbivh b & nipferm ghickmisgur e

2B-3 i i t agt t i . head i 1 hi
cdge of 10nMREER. T EopaRre; cflyimilo fe EVID Sitiths cegndd S pREEHER! 2¢ "
i nvention. (JriHy &ardéy th h SuBapeh@R- ﬁl&lﬁﬁin@]‘: coRfigHRARE" thereBy ShRisXnL R above-

illustrating the respective positions of the primary head and the secondary
head r el at meeti¢redt drawbagks] edge-dffectsc pod debrmad 23fenist hnd tedgd bameeffieffects. It

enmbodi nent of e present, [nvention. Figure 3A-2 is.a cross-sectional view
oo bansiulgd BE ehpeesln skt Be peabht g iion < e trmietnEe FORGRT IR oYY o
retai ner ri rLer, I i 1 h e
oty holRdiCad RBBLL bEpBRaE 4 cRfbrl NEARRR, b Aindthod. S RANNhRe
posi t i ongdembodjhichig of thet freseheinvemiontanedasenbedrbetfw.t he waf er, according to

yet anot her enbodi nent of the 3Q presentjnventign., 2 February 2005
Figure 3A-3 is o pRapmhpdimess aachgma%%@?qc %Iécaé:wﬁg*vgs éﬁMPE isyeie riadisslpsehe

| i near nov Wag:1g : L site
directi ons?qg%h?}r) gsééﬂh? oli)lgdeg% cc%{gggaglg???%stngﬁ)p\sﬁ? g\?v&g dga Eﬁ@&bg uﬁfr‘g’l‘%%gﬁ
system depirfdce g thdearrianis skesighahar holpasd rotan aokafehkadrs opdaiy niveadyrmed

accordance with yet another. enbodi hent |5 of the present [nvention. Figure
AA-1 is a HYEH-9i @pra@gsﬁ%%rlpeﬁe%a é&%@%aéqﬂonvéf?égei”ﬁlcph’é degigaed o dre
primary Hfe | {ohd : f: f.er i . he
secondar2 9 ﬁgpégaitggggtg%tﬁn%ﬁ%@ gf[ ﬂ?l'tg r@qggggelﬁ iegft%gﬁ \% erﬂ,o(?tzli%ﬁggfr@?%grf?% cIsfti |1
anot her entlwdvafent of the present invention. 10 Figure 4A-2 is a
cross-sectional _view of a supaperture CVP. system revealing the statiopary
position of t heI’éé’cPBHﬁérip’lPPéig'Hgftr c?mcgelplcﬁ’eé’i‘e %ﬂfeﬁ?l‘%‘f%gﬁkﬂpﬁt SYs§ae o¥tdi ng
to yet ano ’ dj : i i J Ul e IS, @

pl an-vi ew (E)l ags‘?dggpgﬁﬂtr lesq%ﬁ/fgh gdyg{ gﬂ?%e@éﬁatsﬁgﬁg?gg %?‘ xtéﬁé&gpl&rlfarrr;l “head
has | i near kyrrepuethdes asutfhee odgepepartde Alaf meclutded ishe primatyeheadf THeeprivadrgr
15 accordi o stjll another emhodj nment of the present invention._ Figure
4A-4 is A gg%its@-@ét&%%mmwebf eag”%eéb‘%‘l-ﬂoh&r}éh UBES CURET MePicel hdirtthe
l'inear moveiERionQr alsBEondl diftRfidh. hﬁ?ﬂstmcﬁ(g}lebggﬁg%g abR ke &ateﬁ)fof {ngsuflﬁ&aotedar y
head froma |1 near novenent standpoint, in accordance wth yet another
enbodi ment anfedghef fheesiefate,iand endeicomd di2éxtibh degias SAatout Shacddeadt- te awfade ta

subaperture, CMP, system revealing i he respective positions of the primary
head and tﬁBO‘&éE%ﬁ%}&?ryO{HSaamif@eat Reeprirgary head &% W@Ff, designsd ¢e, b Arpldedaior 3

still anot gk aleﬁ@ﬁgﬁ BEME s@ffadeNEnith (fssl@&tthgx{'é’fé}ﬁfré)ﬁ]ortion of the surface.




Figure SA-2 is a cross-sectional view of a subaperture CVP _system wherein
the prinmary head and secondary head are depicted to be Ioc&?i’ﬁbf@hfﬁaﬁ)@
opposite edges of the 25 wafer, according to yet another enbodi ment of the
present invention. Figure 5A-3 is a plan-view of a subaperture CWVP system
wherein the primary head and the secondary head have linearly noved from
the opposite edges of the wafer to thescenter of the wafer, accordi ng to
yet another enbodi ment of the present Invention. 22 February 2005

Figure SA-4 is a cross-sectional view of a subaperture %\@ @8@
depi cting the I|lmg#l afgubsresmiodimentna coemiral jneplanical, palis z Eé&srt?“h‘éad
| n accordapeg sty |y g{}ﬁfﬂq%bm% d@?gt&gﬁ{m thE%q %aet Vﬁl@ﬁrfé&va%ﬁta‘ thton{: 'r%:'(;rﬁe .

6A-1 is a p]ISan Vi ew aperture erernt ge o

prinmary hegne pdutiae: edge caﬁflelt iﬂeleﬁgﬁdﬂrtddlbld hidadtady £wafes, whiolnbak e drhmorc
center of the wafer, in accordance with yet another enbodi nent of

th
present i niosmed dayersrp gapeepamdp Also ickuded s apreparaing hegd designeddo be Bﬂlﬁlﬂﬁdttﬁr e

CWP syst icti tiQ of .t the
secondarg f\tglﬁ ‘atpoﬂg’&ﬂr}%?‘ﬁ%‘“@&%? 6’¥af quat\/\g%gsgth%g@éor %t%r#g pt?%ry%/f}eiﬁ 9ano
enbodi ment oPihelPeP’ BoRRYr hAV& is ANeondflioningUiedd posifiohdd BesRleate \Chidr. OfI‘ha
subaperture CWMP system wherein the primary head and the secondar%/ head

y

have |i neacrhr;dltm@hcad Isrrl;SIgacda tijna@ca|Corndltlengcsana@aﬂl@TeISvﬁUbﬁaml ablensier
enbodi nent o t he i nventi ure 6 .sectional vjew of
a subaper t ¥t 5’2‘{@ hFI"I’ E’tr'gﬁ‘? d%ﬁ@“fg ﬁ“é’é 18 ??H@Eﬁé%? igrieg to; 4@" %hﬁ‘ary
head and LEl%ﬁél%ﬁ&Wﬁ@ y aﬁ ara*ﬁ%n%ae ifIm&Rl Gflo tAS 16F SREdte & {he \sﬁﬂer I

anot her I ment o ent invention. Figure 7A-1 is a plan-vi ew of
a subapaft Alternalvirigy g emnddmpmgt haag it hiesigeeh 6x réceyepibs i prépanagionf haaeasethges

of the primary head and t he secondary. head with respect to the carrier, in
accordancePWP?‘H“%g ag SI0XFd SRR SAEHIIOBINEGR br esent i nvention. Figure

7A-2 is a CrossTﬁ@%ﬁbﬁﬂ;?édefefﬂeoﬁre n?‘i‘ﬁ%}%ﬂﬁéﬂ Uk nfhBroR¥ St Pilinalilyl YsthéRtHaRY

the 20 direction of t venment e primary head and the secondary
head, accopdlusrmglg allsthelrbglans:)tolﬁethc esntfad: oent wafer tuntil phe serfacei of ¢iet wafer is

Figure 7A-3 is a an-vi ew of a subaperture CVP system._  depi
| i near nové‘i?ér?ﬂlgalﬁf Haphe ﬂ@déé@%ﬁ“’@h%&ﬁl%ﬂ‘ Hgaﬂseiwnﬂhé(’%@'e arp)?ﬁﬁ@éd

O™ RSN e B GOl U Wb e apsgen
Cross- sect bomnalde \th &Wldﬁ the tspkiipﬂﬂfytafrthe Giishingshyem) thedeby ercntimgre finishing layer
having a uniform thickness throughout. In addition, the subaperture configuration of the
CMP system in conjunction with the carrier implemented, substantially eliminate the edge-
effects, pad rebound effects and edge burn-off effects associated with the prior art. Further
20 advantages associated with the subaperture CMP system include, without limitations,
substantially lower footprint, machine volume, and cost of ownership.

Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in comjunction with the accompanying drawings,
illustrating by way of example the principles of the invention.

25 Brief Description of the Drawings

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

Figure 1A is an illustration of the pad rebound effect associated with the prior art.

30 Figure 1B is an illustration of the edge burn-off effect associated with the prior art.



primary head and the secondary head have linearly noved in the sane
direction, according to yet another enbodi nent of the presédtebmusgrdi05n.
22 February 2005 9 Figure 8A-1 is a plan-view of a subaperture CWVP system
wherein a support point has been used to support the wafer, in accordance
w th yet another enbodi ment of the present invention. Figure 8A-2 is a
cross-sectional view of a subaperture system revealing the 5 position
of the support point on the carrier with respect to the primry head,
according to yet another enbodi nent of the present invention. Figure 8A-3
is a plan-view Bigug dGbhpera grass-opguiossisvisw of |4 weaferargvieglingndhef invadingformt i on
of the support &&rﬁ as, well as the linear novenent of the primry edge
fromthe cE@RPEPPYFC %‘ga%fer to the edge of the wafer, in accordance with
yet anot her enmbpigdifert-29f a d@sd-Lr2tibHa2 SRB ofl Y04l RS-CHPOMERr. 8A-4 i s a
cross-sectional view of a subaperture CVMP system wherein the primary head
has |inearly nobiguref 24th is laeplaremicer ofod suttapenvat 4IMP systére, mdapeordhntehwithvaner |

in accorgancg%a/.vi t ht Oztf_ll I angt her . enbodi mrent of the present invention.
Fi gure 9A-FRPumen;of g presgnbinventiQianert ure CMP system utilizing a support

poi nt, 15 wher erjgyfelter 0498 cRiss b ioRAl VIR Yof BR8Fhpeful-CRAPaYsteh, RS atpemef
the wafer, according to still another enbodi nent of the present 1 nvention.
Fi gure 9A-@-phna mlamsslpodfi teatetameewing and thdb aypdert in eacGBarsy stvtn atiotHer zi ng

a support pojnf, revealing the | ocation of the edge of the primary head at
the edge o?mff?ijémﬁﬂf(grﬂ}eﬁége&ﬂ’ivﬁ'&“t“o yet another embodi ment of the present

invention. 20 K “3q | . = Vi t.
i 1121 ng o Supnare 2aor e by B thiaplfthe ThTPRARGE MLl HE 1igbhen
| i near | 0 nufvidd princary htel fdmethefeedtteofraib avaféotot the edgnbetheokafet)én wadoedance n
accordance wth still apother enbodi nent of the present invention. Figure
9A-4 is a \5’%%“%183'{3{ gRbedipealpfthe presepbiyentiolr e OVP system utilizing a
support point, i.Ci4 1 { i i.n the direction
of "the ebge of EuierAds WoSREIAL v Ry SIF SFRbORY NPT e bE Gt
anot her enticudi paitionodf thbee@nds® Heal Nvierdtdrdince Rl k61l 1Rdhdr dfibliBb@bhew Of
a subaperture CWP systemutilizing a plurality of support points, in

accor danc ePrgFenhInyeRiGiot her enbodi nent of the present invention. 22

Febr uary- 2005 1, i J0A-2 1S cross-sectional view of .a subaperture
o System uri TS it 8 et of s CRRRLFEE b f Ritle WisRelnEiens RLOEREARY ° e
primary helgadiis ppgisibhddoned cérert d¥ethe Q& a&dordifg t9Vahe embbMinRGE 8f ARNGEso t h

yet anot her enbodi ment of the present invention. Figure 10A-3 is a
pl an-vi ew BFeHI0Bybaperture CMP systemutilizing a plurality of 5 support

Dol nLS: dept o B 92 BRNECER Lol 1 B AR WER el S gt O
anot her eniodéd@ndy Pdmithecdit@sEhd WiRAdcestdingi18 Uh@hdiOnKbdifierd of the present
cross-sectjonal view of a subaperture CWP systemutilizing a plurality of
suppor t 2$oinMeRionyherei n the edge of the primary head has noved fromthe
embodi ment of tHE AR BAGER Po ot el PR S S pBegngan
subapet t ur algeMPiiwedfer uetotding to @t BathdrRhdodiRObE thP Pl iRRatibh oned
substantially opposite the |ocation of the edge of the primary head, in
accordance w t hFigeie Mirdtiha plagriton iofre subapertute CMP eystern, illnsteating dhe resgeckivgur e

11A-2 i -sect | ' t CVP system utili zi
ot 1 pl o RSURR oS ARy S B BARRRHef ot oS okt atsheiles oneo
at the esigeitbktill sothaicaibodinferAof Bk pasief iMdenfionet anot her enbodi nent of the

present invention. Figure 11A-3 is a plan-view of a subaperture CMP system
utilizing nultibigBresigos @ goisriestionghiiewi of 4 bapettyse GIMP Ispstem) resealingahel has

nmoved fro . h fer. to.the center of. the wafer, |

accor dancg‘sot V\P@ ﬁ&;}? lﬁflﬁﬁsggr?o&ht‘é? reg?‘rl‘g idi i"f%aarﬂdag‘f CHHE 45 Edbit I%F ROSHER Bh Hlelﬁdg'ilr e
11A-4 i s aofathepimanclhidadaedhe ¢bRe Sifthawatthaneiht Wesd GVRe §éb%h%ﬂééd h;so%i 10ed
mul tiple su%ﬁort poi nts, depicting the novenent of the prinary eaé in the
di recti on Bhtlndo denledirolshe eendervpffthe wabers snsorsiingetooyet ahethevadrebqdimentorfdharg t o
yet anoghe I t of present invention. 25 Figure 12 is a

cross-s%ﬂgt Sha Hl\%{g\?vdh()f a non-gi nbal ed subaperture CMP system in
accordance with still another enbodi nent of the present invention. Detailed
Description of the Preferred Enbodi nents



An invention for a CVMP system which enables precision controlled polishing
of layer surfaces of a wafer, is disclosed. The CWP syst en2 EbliuarytA085 | y
elimnates the 30 af orenenti oned edge-effects, pad rebound effects, and
edge burn-off effects, while at the 22 February 2005 11 sane tine
effectively controls the degree of polishing over selected regions of the
wafer. In preferred enbodi nents, the systeminplenents a wafer carrier
that is inplenmented in subaperture polishing configurations. The
subaperture polishing configuration is herein defined as _a configuration,
wher ei n t he conkigete 34r3f e Plin-vdewwoili s pubaperpuel GYIP system, Wiserating ehenlirgar
certain poj I i be smal ler ;than the surface of the wafer. In the
ol | o n. traetpds STE et ou Sha I8 3prndfra i B Boncble plifis ' o1 ger 10
provi de a thor opighrel3nlaris taageksi@ct@fnal PRwPEES Qibapérfite TWNIPRystéh, ¥épittingahe
under st ood, however, to one skilled in the art, that the present invention
may be pr akQn-galibnaiy prsiiionsefrihe sgcondary btad; e secordaned with yehanwtive enibodinemt es,
wel | knq&niqéocessto erﬁtions have not been described in 10 detail in order
not to uhn&c %B%P?1VR88 @ire the present invention. Figure 2A-1 is a plan
view of a subapeipfidr s PNE a PIAL GEW ARG subBp@fr® CHAN GRieth LWinRER (RITDAAT fFRRL  of
the present invention. The enbodi nent of Figure 2A-1 i'ncludes a i mary
head 208, pvirnary hiead sqekitipuedet the edgel ofshe wiater swhilk alxeedpt of thwadeeond2BPhealitie
primary head. 208,i s.designed so as to polish the fer 202 utilizing any
type of pdP9SEifnAdahthy By fhsoﬁ“ﬁ'gr; AFOr¢Bg {0 Ftillniﬂﬂ(\ﬁﬁfffcﬁﬁl}boél%ﬁ’f ity preseat
Technol ogyjnGidRibh, pad materials, rotary CVMP pad materials, fixed abrasive
pad materials, etc. In general, any pad nmaterial that enables the desired
pol i shi iy | evel BigamdtpLds iasiress-seetivnbbviesest. a filbapauba GMP yyReri ORfegingahé on
of the system 200 infroduces flexibility into the polishing operation by
utilizi ng SHHMERaMsIton éh“eserC@Hg*&hhea:daff% adiney moveImsat SRROHHSs ap¢ording L0
waf er 202. i j ystem wherein the entire polishing
head is i nyegg%(%tg%tehgmb%gﬁgﬁgpg{ﬁ&?%gntﬁf?zlég of the wafer, in the subaperture
CWP syst em 200, Figreal®3ds W bari-view, ofthaibapeztare CMIN gy s tvilidreif Uhd 86 oFfthd he
primary head 208 with the wafer 202 may vary. More specifically, 1n the
convent i orRfimaEpiead dag higearlyemgued M0 t8ge ohMhs water 1t theocantert dfethe rrafere

Phe 58° L2 adeRiMADSil ahORERIIAGRRY oD he B ER! if Guibfor, 1 e et re surface of

the 25 wafer soas to create wafer. In contrast, in

the subapert ur eFighfe 4y-dtiemn 208;seétialpviewedfya fibaperdRS CMIPsjssn | Qpi®ingnhy t o
sel ected regions of the wafer 202, thereby renoving excess materials from
those sel diicatmeyemen e theReimary hear yand she Hxoshpasition ofrthe seponday head fiom maf er

: _ .t h .h h
omoval vt R EEnCARRE B oot Fub B, ARG o e B Pl oD 1 ne

Preston' s idOedfiguat i on, Renoval Rate = KpPV, where the renoval rate of
material is a function of 22 February 2005 12 Downforce (P) and Linear
Vel oci t$9 (Vv), VigHeRAHdb agplameienr ¢t sibaprtame (VMBsystern revnating the wepestive ned
by the chety [y rr.y. (or . fixed ahrasive nmaterial and
cher cal sy oes oF BRgairhdrd he abd fhe Seilplyitho LophT, B 4he i o
Thus, the witlmbfileandihe cabotimtdnt 6L4ht pegefindeifor i mary head 208 and the wafer
202, the greater the renoval rate 5 of the surface material. In one

enbodi ment, t heFIEHEIIAY 18 @ desirsestionahaiepoef o isubapsttureheMEr systeny wheaein 258

th i shi f ial .al desi
opogr aphy iy HE 3hd S:SHARY Bad B! Gl o BEGEA By B Bibele SRS T3
until  a2Ssubafegatéeadiny id yaanstied o dinen ot pesdent ifivdniibs. embodi ment, a

carrier 206 is positioned bel ow the primary head 208 and is 10 configured
to engage the WdBE P03 19,3PRE-VaEW at & pyhapertire § MR aystam,ofhereib the, prithary hesdhi ner

ring 204 i [ j [ -pl.aner relationshj .t h the
Ll o 2907 SAARE LARAARG 118 %8‘&9?%&%&ﬂ%‘?ﬁsﬁf??@ﬁ@ed%ﬁ%sﬁ%ﬁsiﬁﬂb@%ﬁgdﬂ 50,
The r et ai nenter bhithe 20der] scconiiiey 0fyetatvtlicd eABb&iMeal of thhpebert aveidhst and
repeat ed polishing, buffing, and cleaning (i.e., SiC). Preferably, the
carrier 206 is oriented in a manner that the exposed surface of the wafer
202 15 faces the primary head 208. During the polishing, the wafer 202 is
configured to rotate in the direction of a wafer rotation 209 while the
primary head 208 is designed to rotate in the opposite direction, a
direction of preparation 207. In addition to rotating in the direction of
preparation 207, the primary head 208 is configured to nove back and forth,
in a small magnitude, in the direction of oscillation 211 so as to create
an oscillating novenent. 20 Thus, while rotating, the primry head 208
oscillates in the oscillation direction 211, thereby inproving the
pol i shing operation performed on the wafer 202. In one exenplary

. ~ NS Y N o M S



22 February 2005 13 exanple, the secondary head is configured to provide
addi ti onal support to the wafer 202 while the wafer 202 is2bé&thgang@shed
by the primary head 208. In one enbodinent, in addition to providing
addi ti onal support to the wafer, the secondary head 212 can be designed to
function as a buffer or a cleaner. The secondary head 212 may be fixed or 5
nmobile, and simlar to the prinary heagl 208, rotates at an angular velocity
in the direction of preparation 207. In yet another enbodinent, a

condi tioning head 210 may be positioned to the rlght of the carrier 206 and
bel ow the pri nﬁlgume‘ifd‘tzaa %@sagctmalcwﬁ‘m qfj ospbapratuse CME sysiaBadepiing $he | ar
to the prigmar 10

[ ot at 65 1 rrr?eay Pﬁ%ggerr?[gg r?r;frg rhggdé ¥%r{1ﬁ1%%e§%€laryl I;E%El ﬁnﬁ%cdtjdgﬁyerkﬁllrh%%ﬂwg
enbodi Wentelﬂfodlﬁhgur(ﬂt%ésentﬂﬁeelﬁﬂﬁe of the primary head 208 is defined at a
position xo, which defines the center of the wafer 202. Thus, the edge of
the primary headgpedA-d ipaglan-vawdl subapsrivroRMEsystens rveheyein Abs edas thﬁbe edge
of the sgcondar 12.10 slii_ght | left f X0,

posi 1 on D Re neREBIA ottt 3 eSS RaR b RostighPo e pifes g Wil

possi bl e fé?ﬂéoﬁﬁﬁ:eﬁﬁl'tm?é' Mn&ﬁacbnaﬂﬁmm'omelpieseﬁﬁhtél%hng in the direction
211, to polish the entire surface of the wafer 202. Accordingly, the
primary head ZCEgmeIGA arlefaetredstsyctumat acw othe sshapériwe (HﬂPtstyaemade@uctQQZhe
slightly to the | n view,of th sI| ht 0 | a |on ure 2A-2
o 9 or s Susin Ghie <FReNotohe PSS BRUPHERE SR THng el SRbeSt et B

i1l ustrat e&af%f‘%c&ﬁdlﬂ};%?ert ah@thé’:tén%bﬁlﬁh&t%ft ngfeséﬁttlﬂbétﬁbn“ ng 204 and the

waf er 202. In’'a preféerred enbodi nment, a ginbal 216 1s positioned underneath
t he cari@ er 206Figwd 6463 ded phedidvoohl sug]aptﬂtme €MP spsten? O6herein ttieeprivoary rhgad
primary head 208 or secgo g head 2|2 i.ng the polishing, Hg uffing or

cl eani ng 0853 ﬁt Sesondaryhead;asolines mogreﬁmjmeesamaﬁh A iR AgHP neo Wikd Y6t 224,
whi ch rotaﬁﬁ Bmb thﬁﬂﬁB [y rotation 209. The extendi ng spindle
224 25 is ?gur@@ to app @Q‘Qﬁgﬁ@e 'onto the carrier 206. Further shown
in the enbodl nefiguref6 AU gsiiceosB-Aectionsl tibve df iaxabbageoned CMINsyxgeoheitidstzatidgnheint ed
on a condltlonlng spi ndl e 226, The conditioning spindle 226 is configured
to apply tinear HEEmenS pisthe erimemdhead ciidnthe Hesendamo hearhin g pares dizesionnd

t he congit d up and down, along the
sp|nd|eﬂ%£ﬁ£§ﬁ§%%§ gﬁ?ﬁ%ﬁ?ﬁ%axﬁgﬁéhggpﬁgﬁéﬁﬂgggﬂgﬁﬁsp|ndIe 226 so as to

adj ust the anpufiguef7A-orice phar-vieweofapibagiturd® CMIE sy, ld%[)lcaﬂﬁ tiN&spective
condi tioning head 210. As derlcted |n|t|allg t he edge of t pri mar head
208 i s posRaSitiomePfdhe eAgespefs hmmnat& headl and the seqogdars chead vmhqeapw tord

a novenent ect r. 212 havi ng |ts
edge posi t(l:agﬂrlt‘{ardﬁl CQ(S}H%?Cy V‘tlé}‘l E(PR%IHA)? d%%egllt ? 1|: %g%geggrﬁ IXW’? ﬁ&g enbodi nment

t he secondary hﬁgutemmlsa cmsi-sgmbﬁa:l vigw ba Stteipeoird 'CMPfsyQemAillubtReRi the
andpoi nt). However, the secondary head 212 is preferably

novenen

rotat i n%o afﬁltﬁ&‘amt RE the mevame of thepprispany dicpd ﬁnct@hp semrgtanehwt acqording tn still vi ew
of the enhag n the edge of 10 the primary head
208 has nove %%R@%thgggﬁ?ﬁ@ﬁﬁﬁgﬂggﬁﬁip05|t|on X,, Wwhich defines the edge
of the wafer inFigive TdBeiseatplali-vieat 6fon saBabertiieJCMP 2fMcn, Sepicting the linear

cross-sectional view of the subaperture CVMP system 200' shown in Figure
2A-3. As sTHOvimenthe! becgantyhe pemannbead 2ad rﬂ@n%ncnefhtr‘s head; fsomthe edge afithe

enbodi ment,, I t d ri mary. head
15208 pol 4kt P ek AANERAIA netlck SHuYer b b imbol &1 e frBieht iy o
conflguzﬁtmoaumh t he system at any glven time, the size of the contact
areas (i.e., the areas of the wafer 202 being polished by the primary head
208) were diff eFighee, /AntdS teheressriestionatyiey of atsegapemlret GME neteahcelyzrmehe t he
cont act ar

renoval arﬁcgd aﬁﬁahle Sg&on%a?oﬁr? (?gg{eelﬁr%a er‘]’g%i‘g@?%%z‘ V\hrgalotnh e Bcﬁ{l%ct
ar eas meretolymtgmthei@m@mdmantbhﬁepfe@ﬁﬂ imlegi®t. to the position x~) the
renmoval rates were |ower. However, it nust be noted that the amount of
materials to be renoved depended on the profile of the wafer 202 in the
areas being polished. For exanple, if the profile of the wafer 202 were
initially flat in the areas being polished, the primary head 208 renoved
excess materials so that a flat polished surface was achi eved; however, if
the desired profile were not flat, the primary 25 head 208 ensued the
profile of the regions being polished while renoving the desired anmount of
material. Once all the desired anmount of material (e.g., surface |ayer
material) were renoved fromthe areas around the center of the wafer 202,
the polishing operation was continued by precision controlling the edge of
the prlnary head 208 to a d|fferent p05|t|on mhich was 30 farther fromthe

o o b )




208 left the polishing of the edge of the wafer 202 to the end, thereby
allowing the utilization of greater control over the renpoval Februamt2605 al s
fromthe edge of the wafer 202. In addition to controlling the renoval rate
at the edge of the wafer 202, this enbodi nent also elimnated the
edge-effect, pad rebound effect, and edge burn-off effect 5 because the
carrier 206 is designed to engage the E\r(vafer 202 by utilizing the retainer
ring 204. The existing co-planer relationship between the wafer 202 and the
retainer ring 204 creates an arrangenent, wherein the retainer ring 204
supports the waligure B¥2 1viki Ipdart viewvod facsub2@tures ChER sygtepn | wheineinl alspppére ppini mar y
head 208. Thys, the co-planer arrangenent allo t he primar ead 208 to
Cont i nuo. i 554 & ShRIRtictny “etife ToAornE R Soa e GRboRBHa ot Bty of 1
the very edgenpPnvtiifoniaf er 202 or excessively polishing the edge of the
wafer 202, as 1s common in prior art burn-off effect. It nust be noted that
t he subapert ur eFighfe &A-2tie m @68-segtembbyivwdofansibaperoawre CNIB Isysémng vegpmegahe on,
therebyoggi el ding a better polished wafer 202. Unlike the pol i‘ihi ng..

oper at i ohsPUEIR ¢iihe AEPROBRAIRK Froths catsipp vdihsticenest to the primanh igady ageprdipg to

per f or ned Tall rafl rotating in the direction of
preparati o%e@%%?er%%{cy nghrr%}? t0 gﬁlgc?ﬁésskgﬂgg%upﬁati ng in the oscillation
direction 211. Fggir&A-32i8-4d plaaBridy dnd saidpernae (CMP| sysfermtillonsitiag thdr€ixed
differences in size of the contact areas at different instances of tine. In
one exenpl RasitioaAighe purportgroint;ag yedl ssgthe lingas movement of the psippay gdge empghe mar y
head 208 I t Sl vio t : f ,

t her eby c\rl\%zl%eir (rel)g ﬁ{éﬁg%frgf{ tgctp ggr%adfﬁ%&a%g’ g ﬁgﬁ%ﬁﬁ}% g‘ﬁ%ﬁ{eﬁ%l?oﬁh%gegﬁ% Qﬁlgen% of

i nt er setd efle bhgemahwntid®2 at a point 232a and a point 232b, thereby
creating the contact area 230 defined as the area between an arc radial 234
and an arc radiBBue3dBA\-45g1asergiresectignal virav efjgesubdpertiee oMhaysienh eulprgipghe

linearly noved farther,..a from.the.center t he fer 202 us eat i ng
2 oral | or RS Re MELBRY mERT HE G RS of b JEeLR B sREobBIVRGR, <
t he cont aciccafd@ncedsih stilHfiotiee dmbedinRanofifie ?feQeIftﬂﬂ!cﬁﬂior@?’za' and an arc

radi al 232b' created as a result of the intersection of the primary head

208 and waf er 20guigt9lelpse plapdgw of argbagetyre CMP shsisntvidizinga shpposhpol, nent

of Figu 2B-3. once t edge of. the primry head 2 approxi mately reached
The edols oFnerpin BRFaee € Piiefiuiad e Peri®] L bianee o€ i e apndivg o SGilc
creat ed. Aﬁloiﬂ{elrgﬁlbbmqtOitth@pfégéﬁt@,%n%@ 230" is the small area 30 created
between an arc radial 236" and an arc radial 234", defined between the

intersection PiguRehhfarsya 2005-sd@iondl view off  rembapertard CMIB spsten tidizivgf &r
202 at a point 232a" and.a point .232h" Accordingly, ag the edge of the
primary heXEPSHPOME e:ﬂ}“@n@f’ chaBBE!O?itB%e ?Igthf?%gy%%ﬁlﬂf“gﬁt ﬁl‘?, quﬁé)fc‘g‘i‘]t act
areas becawgfes¥Bédr@ing té ParapOeCRMYdimentloPthertsdBe MvdlfRH. 208 to performa

precision polishing operation at the regions substantially close to the
edge of 2@ he waf Bigu(\-35s Alpldrevigh df hesubrapeetwenCMIT syisteen plilizieg y shygmodt 2408t i S
descri bed ving, from iti.on xo to x%, it should be apparent tao those
skilled i Vil ‘“%Pf gt @%BHWB{FZ‘?-FQH?“%HW%HY%O‘G f?%ﬁietﬁﬁse ﬁggﬁ‘?’fgﬁf @ the o
xp, and t henRYSF teQPafQir &ec¥rdadceSUitf 41 dnbihet Bmbb@EnRALAdhdBRber® invEhEIH, €S
3A-1 and 3A-2, the primary head 208 is defined at the posltion xo, thereby
causi ng t he edgbigufe Phet et onbasyctionaldvize2of o sbbafecort ENMPLOysém ghilizingt ® t he
left of the position. xo..ln this emhodient ile.the secqonda head 212
ot ates. | n G dblbdRing g, PaSement et shoprnaiybend it i SESRBHOF the SRl |y
nove in2s {ReuedrBNio Mk cefitei 8 thé2Rafe\acéd?8ing 86 QRORIoYhe @athodibtentBY &% plelifit
primary head, which is |located at the position xo, linearly noves Pn t he
opposi t e dinvemtdnen, the novenent direction 214, while oscillating in the
direction of os f |1 atjon .211.. I n. oneg r@f erredﬂgodi nment,.t he chqndary 15
head 212 and t he' &P m 3 lﬁgéaarfﬁlgw_ BEARYIHTT &y?tmﬂﬁflﬁ‘%ﬂlguﬁlt&%ut
the sane |é.1.@?@1rt PRI AdtordZRNBVRN yetlaRotRbr ERRAIhMR o?fﬁajﬁés'gﬁﬂh%nti% e linear
velocity of the primary head 208 and the secondary head 212 can be
different and will vary dependi ng upon the desired process recipe. Figures
3A-3 and 3A-4 depict a subaperture CWVP system 200a', wherein the edge of




20 the primary head 208 has noved fromthe position xo to the position X,
while the edge of the secondary head 212 has noved from t hé2 pelspeny@R0%o to
a position x_|I, which defines the edge of the wafer 202 in the novenent
direction 222. The support provided by the copl aner arrangenent of the

waf er 202 and the retainer ring 204 permtted the primary head 208 and the
secondary head 212 to continue polishijag the wafer 202 to its very edge

wi thout 25 falling off the edge of the wafer 202. Accordingly, the
subaperture CVP_system 200a' pernitted precision p0|i825&ﬁ of the. edge of
the wafer 202 bEigpisl 10h2nig a preseergHonal Vigne ofid Bibapasbirg SYSIF . utifzing a

mbodi ment _of ..Fi AA-1 47 ' b,
wher e -t neldialihe S BRert oy Mieftir el e pRHBAPRLUHS Bodbne e UERRRE
x0. I'n thi g @Owarkadiab&Rlanck RethSREAdHRE ¥mbedicheRldY the pessit gnediiém be fi xed

(froma linear novenent 22 Febr uaré 2005 17 standpoint), while it.
preferably rot aFigsrei HA-Rds @i placviewnofos syrapprairatGMR spggm yilizing: a alsalie of

enbodi nept, the secondary. head.212 can be to stay. in - i @pna
confi gu_rg_t $UPROTL RO, I,C}/‘P%ghee]d‘be@r ngVngntp‘?sfiethﬁlp§/lnﬁga§ea’30'§qugggéﬁ)%]?%ﬂntgg at
the positiQiyefof thd'&afdqs tRf edgdcoré Wafe@pé’ccbﬂiit})é"ﬁ) Ve \uaomert erdbsdmentost Bd 4.
As depicted 1 n the enbodi nent of Figures 4A-3 and 4A-4, the edge of the
primary hepsédévienton.i nearly noved fromthe position x~ to the position
xo, while the second head 212 has renmi ned fixed, T t he suhaperture
CMP syst em 200bFigpit Z@‘ﬂ\(‘écissa goé?'éegflo’ﬂlaéa“i‘e%fc&fal SbAByTyre WE SggF%v#ﬁE??gh%
preci sion paljighi £ RGBS ARy Heb@ had RoRA fréhithOcenhe
center of ?ﬁkedl\ﬁ)\g{‘)fe]%p%%baﬁsﬁgmgﬁe?{mthnat%eng t hg afrgr gmant i oned edge burn-of f
ef f ect andbbihetweferpiadhe edgelofdhe vhfectaccdidingrtotshl apothedémisordimedt ofithel preserBA- 1
and SA-2 the primary head 208 is positioned at the position x~, the edge of
the waf er 209049t he novenent direction 214, while the edge of the
secondary head 242, $14.9G84 Bl JaperRdgenss Wik Ak 2ARidIsdpp8r
novenent di rectli"%ﬁr 2% @%%qti ﬁﬂ{l%téev%?ﬁr%r yﬁ?{ead ZOBSﬁgﬁt he sgeconlc?ari/ erad
212 are copbingupsitidned rsobstdreiallp ophesitdi the dddation of ther eqger aft therpridiury hBadiides

rotating, the rima[}l/ head 208 js defined 15 to linearly nove in the
q

novenent dp¢OEdanemwith yetanofspembedimentntdhg prasent IYERM t y as the secondary
head 212.while | ' r i i ' i ©0n - t
irecti dn 222, Fibha PA ST aR-LDitiE IRECT  Sultbth e, DIRLERVEPRE' e
waf er 202 giuitiglg stigportt poifits| Whérsintiké 8dgepsf the brithabyhdalds poditioried dteldeB&f t he
secondary head 212 may additionally function as a buffer or a cleaner. 20
The subapetheurdeisracsoriansn withyet apathereaahadimen of dieseReRERYCIHIONE gure SA- 1,
wherein the prinar q r " ' riy
noved. As depic?gﬁ¥iPﬁggﬁggﬁg@3ﬁﬂéggag@%Bﬂggg%%@ggﬂ$%%ﬁP?ﬁg§g§ghﬁ?%ﬁﬂﬁﬁ,
the edge oboinks whefeii théQ@gé Bf tHeeprimmare ead hadi thevedi fosim 2Hededge df hiee wakek to e xo,
the center of the wafer 202. Concurrently, the se_condar%l head 212 has

| i near | YOmeerier afitbmvelse ipaetordapre with stilh angthergabodingnt gbthe peeson igypatont he
200c' system co he .pql L.shi ng.. .parti c 0. of

t he surface of ? ;%'?%N;l# Eé\r'gig%, &r?) Eye&gte“?]%lé’ ge ot(gfa 'ltg k@a%\%:\%r%f@%?ﬁ&én?ﬁ%@?m@
having to eaiplwisifpoitinbafepiains dgsmevannet af thd printdiy hv@ ipthodiration of te. |
the edge burn-off effect or pad rebound effect). The primary head 208 of

t he embodi seser ffthewafer tasthe adge efithe wafep, aceordiagitg e anpihengmbostimers of prespt

di rection %ngﬁggaration 207 while oscillating in the direction of
oscillation ‘February 2005 18 211. The primary head 208 is further
configurad to | ipaas 1Y iB¢ss-Bediibpaldiiéve of b aldnPAmbalyE pEbaperdikd CMB sghiamin t he
edge of the primary head 208 is |located at the |ocation xo thus causing the
edge of thacsuceHith sl agothepembpdiypentof thegyesept igkentipnt o the | eft of the

position xo. In this e i S f L S,.al so designed to
rotate at the 5 direct ir@%qgﬁ%%secﬁﬁi%ﬁoggﬂgg&fé&lﬁ?‘?gﬂf@%ﬁ%@tgrI y noves in the
movenent directixnindddtion for aNEMRTHBEERhich tehshlseprebidianycontalepliskiig of

function as a buffer or a cl eaner besides supporting the wafer 202 while it

i s being pdtvessuefaesy atha waferadsy gisqlosed. 20the EMEL pystens substaiigllp glimipates figent
t he enbog Flgure 6A-1 fall gw PL,| ! [

roverentt Aute g e oAl R elis i Rk UAERGirhhcls, BRE oy e
concurrent novenent of the secondary head 212 fromthe position xo to x-~.
It nust be noted that while noving fromthe position xo to the position x,,
the linear velocity of the primary head 208 may be about the sane as the

| inear velocity of the secondary head 212. Accordingly, in specific
situations, the subaperture CVWP system 200d" has the capability of
polishing the center of the wafer 202 first, thereby renoving surface
materials fromthe 15 center of the wafer 202 prior to renoving any

T o r - o o M NR A~ a e




25 designed to linearly nove in the novenent direction 222 while it

rotates. Simlarly, the primary head 208 is defined to |ingaFthuap@80at the
| inear direction 214 while rotating in the preparation direction 207 and
oscillating at the direction of oscillation 211. The prinmary head 208 and
the secondary head 212 are designed to nove at a conparable |inear

vel ocity. Figures 7A-3 and 7A-4 depicHrthe enbodi nent of Figure 7A-1 after
the primary 30 head 208 and secondary %ead 212 have concurrently noved in
the |inear novenent 22 February 2005 19 direction 222, at a conparable

| i near velsaoiettime @fcctinaweontrdie thedigeree fof peléshing avar selevedregions pltbe Wafsan y

noved fromthe positi.on x, tag.the posi.tipn xo while the e.of. the ..
secondary R{e{.%ﬁe@il? H%P?e&féswemgéyﬁ?%ﬁ?’?%@%@sﬁ ‘f’?%hcﬁmttgatg ém%18‘s“|"'¥“i"'%r‘1“ X0.
Fi gures 7Aq8.50ere PolisHifYy eahfighrdtlony] Phe savtpengret suIRhEY confighiaiion b el
initiaIIy,utﬁggeégéooflﬁ%e mé ér 202 isSS polish%g wﬁ?ﬁputggeing subj ect ed
to the padiafimbdand mhfigaatiomdviedge thaucontast Sudiceedta pelisbisiganadawvith the whier

prior ari. Figure 8A-1 is .a plan view of a subaperture CVP system 200f in
accor dant 3R ﬁer&%p@mﬁd’&lf‘%ﬁ’tﬁ SH\‘aﬁ‘PngaIbp’ﬁ%ﬁﬁceioﬁa@n‘ﬁtgh. The primary head
208 of this enbgdj e I&dstig fhat f Ak &pkafit RiRtans GR@ et forth B bRkt iten
207 whil e osc?ﬁ@a%?ﬁgﬁ?ﬁﬁ¥h§£ggggwfg??%ﬁﬁ%opdiRection Zlf. In one

enbodi nent provide aghdrapglr tndeestaadihigsofahe pre@B0 inviestiate st gnk e wodgrsiedd rimbieyer,

i ncl ude a support point 220 rather than the secgndar¥§gfaﬁm$12. Theaﬁugport
poi nt 220 PLneskilledur &y arb tah Shsobresanh BIVEREL HaY by PREUFGAVINY &OPRET fafer
202 is beigg epc%%ﬁh%] oth¥r ['nlgﬁn&r | WEf }éng\gﬂﬁrcégs%'o Eﬁtigﬁ@hﬁgﬁﬁggbéﬁ%sam&ﬁ in
support p0|n% i S posi Poned at a posftion symetrically opposite to the
pri mar ylheddaiPhSoraa ms td hnecairily absroreahé pespnaknvehbtidro t he nonent gener at ed

by the rotating _primary head 208. In one enbodinent, the support poinf 220
may be desi gnedFigerepeddliigiadlanpigeela sybapertyae GMP spstera 208qinmcserdangegwith

support poj nt . esi . : iNEeR i 204
Wi Te tho Wl a0 ER BEUTR AP IRy e iRRber 12 KiELR D60 BLRCRS
conf i gur edprifagriRad @08 whiol icomigusdftopotisic thepsarfaty €f 4 wafeh @0 Mhetprimary

generated by the rotating primary pad 208. The support 20 point 220 ma
support t hkeadad(Sr isxipnigned 15¢ 25 rig nPekgh (her watey 202 wtibizeg Ayt ype off delishing pa

Celudi ng. - wi thout LLm.tatian. by . ol
dovi ce, T2 wEHOR bbb ARG RS bRl RS Bag BHA, ol G
support popgif madrkBalRPHxddabrieve PRI mBRIEREAE Cln BynekdlCaniSFadomhat@aloBeerbles

cl osed | oop ;ystenl_mherein t he resplting forces and/or the feedback can be
noni t or ed. thedegjradeolishing leyeks and pregisigpuan@ewbase t hat can generate 25 a

head 208 can bor bbby srSRRaUR of BF GrlBloala BRRRLGHCHrgHbN b w™Y

enbodi ment p@fshiigtpetatiBA-b, utiBinghiffbrebiSdr AR Tetbeal RRSS bh AF@ént rbFoSLGNABE t
point 220 with respect to the co-planer relationship of the retainer ring

204 wi t ROt wefopafdr Undike thag cemysamonal GiMP gystgm wheeeie dlpeerdire phlishpng headyishead

Febr uary  2B0Rbain e Sttt SpFEE o b, e SR Gy BR G aan. &~
depi ct t hegehadienartsifioftecdritay safRbof thewiahay hedd20SRER tef whibe 202 naRr y

head 208 has noved fromthe position xo to the position x,. As shown, the
pri mary hed#ry2dbors spgciiicallpoini thi renyestinnalhgMEt syzBmsdhe pelishingrhead appliesercoaf er

202. As th i head 208 tinued polishing the. 5 f th f
202, the STBIB Tt RECoYONE il bEHbY RARRC sy R ect 8l on
the ret asneafer ishds 2P&eO adtbdtanteNyPRNGatt fiOdontde, MR Bibagenat TP sPtedh he

primary head 208. As a result of the support point 220 supportigg the wafer
202, whi | e28heherprimaryllyad 288 appligsdopselanbhiedselsypted egipns ofethy wadaR020thereblie

subapert ur P g m f s able to polish the wafer 202 to it.s very
cdge i t hoti i ang e Agls R s ekl Briply PR o apapifr ey ™ Y
the embodi ment @incEitlglweRr Sotdct 3idacRAred dHABEERUPRY MtheROIhB tpad e RNAE Wakerf,Or ce
on the retainer ring 204 while the retainer ring 204 hol ds the wafer 202

bei ng pol i disagmpyaliraie also; changesthesed @oBe Prastan’si Equetion dAgenidingth gheeRigsions t he

primary .pe 08 i I 4l one th ition x~ while the support. poi.nt
220 is Bgsﬁﬁ}m(?)nr@d RZ:'P% gglsi}ﬁtr?ef ?’?p?z}f 4‘9’&6%3@% TEROVRL T3 Ofgn?)tﬁ“?elhlé zf g‘f‘é‘?‘ﬂ'gr(’fri ng
204. As shown in the enbodi nent of Figures 9A-3 and 9A-4, the primary head
208 has noved in the novenent direction 222 fromthe position x~, the edge
of the wafer 202, to the position xo, the center of the wafer. Thus
enabling the subaperture CVP system 200g' to polish the very edge of the
waf er 202 wi thout confronting the pad rebound effect and edge burn-off
effect associated with the prior art. 20 In one enbodi nent of a subaperture
CWP system 200h, a plurality of support points 220 nay be inplenented. As

e A~ AN a A N AN



22 February 2005 21 primary head 208 has noved fromthe position xo to the
position x,. As shown, the support points 220 supported the2 FelraaeP0? i ng
204 and, thereby the wafer 202 while the pri mary head 208 noved fromthe
position xo to the position xl, the edge of the wafer 202. The copl aner
relationship of the retainer ring 204 with the wafer 202 in conjunction
wth the 5 support provided by the sugport points 220 have allowed the
pol i shing head 208 to polish the wafer 202 to the very edge without falling

QP syet orpwsiaesedPuane Cinget Relpers?BAE s Ko e rohesin Rt St ' ©

i nvention [ p
220, i CHABETYT of el Shpfa CubBREIEOL B gy (B ¥ Mo SHaCRBkrRCam®

202 as t hechenfieis)the pr@:ekseuenmemuire szdnddhdaprad :hmfapes,larrmng oteeas] THig:, thersnhdiies
enbodi ment . the edge of the primary head 208 is positioned at the position

X,, while the émﬁﬁ‘FttSPtfP@ (sfdb?aﬁl'rlmaﬁdﬁﬁlfl §0§ and theavafercelie theggiealprdae 1aROBb &R i ons
A et Il a0 ARyl 5 1 BRY Sk RatS, TP ABARER oflund] tﬂ%ﬁﬁmﬁ%ﬂ?. on

XO0. The MUpbrirhdty che8dl PP8dveP eenk sfe 202 @IR8 Wnakled b@llsmﬁﬂg’fﬁlf walegiad albhg %O&SIr@d
start polishing at the very edge of the wafer 202 w t hout creatl ng an

rebound eftppegraphy Qafdb‘ewa?r ROXfrather thae polishing the entire dvaberc0s watiha sulgpianbiall )’
exenpl ary g i ment the present invention. As shown, the carrier 206 is
situat ed o tHe &Xt ﬁﬂ?ﬁvﬁa spi ndl e 224 whil e engagi ng the retainer ring 204,
whi ch hol ds t hemvwhis@mbédanent e cAHPPRE isRRkifbne’belaR Rhé BAMARY KR0S tANE is
retainer 20 ring 204 while t he primary head 208 polishes the wafer 202.

This inf! ecmﬂgmcdé% engage ftleer whfey 207 ugjog pastamhering 204.z Breiferablyf the refainemriyg head
208, whic st to the carrijer head 206 .a 208. 1 s
bei g appl T SRl o el acroast Buitpein Bt e Bl 3DY s hewerenos
is confi guredistiRiny SRRV bRBR iR 'HRRI Dag.e T%@Qb'tﬂfnep’fm% Q04§ RIAdE e a0REd | €
head 206 so as to prevent 1 nproper angl ed contact of primary head 208
with the canateiigy WiscR08n withsthudlrepdatedapplishoigattediing)asnd lwapmgserct SiC).

i nvention i din a nner so _as to |nclud a syste

on tor 1 HECIEFT HRE GG, AP 18 AR HOBG Themy? A et xpied S Tuh oL ghe Wales 202

| ayer s/ {3 | fgeshnl aan,ﬁpaaq%qudra@qﬂa polfRiiRy bRl watBImRY2ls croﬁﬁgure@%j‘d? te in
finishing layer profiile. However, “suc oring systens ve not been
shown i n tthe dabdica-ofenwafenmtatisn ZBDguhﬂeShe primaryceah 2@ isalekignedyio rorate inahe

exenpl ary above- nent.i oned enbodj nents_ the _wa 22 February 2005 22 202

and the ot¥@Ps Hemadipehen of prapiraipordys Z{S‘rﬂdgmoﬂ to M%‘“}ﬁr‘éé@’n@qucﬂ% Afi on
may be | %Ni@ﬁ 2 i

at %/I t uden?ér%g.%,m%?%%jh tger bH IaEihlédﬁaist |y k &Hﬁ rz(gent |Hr?\§/}é(r%¥l J|1 gﬁrtlﬁgn zg%rﬁm’

i mpl ement edagotutlhain ti&ldla:)ctlen mﬁtotsclnst;om‘ Ptces as ftb ameate anspilletHs snavamainet er s

may be I r Qqr anmaepl e. 5Altho he fare 0|n i nventi on _has been
de}s/cri b%(g JF‘# : e fofating, they PBE‘PHO é @P%lp?tgsy ipfthg Qerdiagionndirsegion 311y | |

be_appar enbeichlm@r8iingi SRS pAANoTRdheabh sy By adpe. Practi ced wi thin

t he scope of t e appe cl al nstance, the enbodi nents are
applicable to almyormLﬂEmtphire,lmplﬁmhnmaon sho pamaryrechid2208i mky be svemmgmatitmb@r

wafers (e. mm waf ers, 300 fers and any other type of
substrate g’é’&h&’? iSHYC PBF S merfﬁmciégm gaaFYeialﬂll %ﬁﬁ%’lﬁﬂ? ¢mbpsliment, B'teff‘é?blléadhﬁt abl e
preparati R§HRAd mmaw@ EQEEMA! 56 as 16 RIRS Bl gtgng g \§'a OrR&
consi dere as |IIustrat| e and not restrictive, e i nven |on ‘isnot to

be |i mi 2Edinttbe tmbodieteats| ehegéiuele $ier of the phntaryThgadlﬁBSrmdltﬁd edfen20D Ivﬁkyt(he

scope and ui val ent s f he ended clains. Wat is clainedis:
February 2@%@ %rbg 8 is Sﬂla@ﬁ’g er tharthe wadar 208).i the, @h@‘l%‘y‘éetl‘é#ﬁy((él\ﬂn)

conpri si NQcarferCAId LAT bORWARLI 3s0t ARt G4r Jr%ﬁﬁr %@ﬁgcﬁ? BP L EIEE mdilRs tRmp

surface being configured to hold and ate a aving a one or
f or med | ayangslar gelbeitypofgpapeoiaryadiedd 30% pr epar ati on head bei ng confi gured to

oscillate at a pr rarmag rate while |inearly noving between a center of
the wafer and aé’gﬁ’@r &R P‘E‘@%fﬂé“r subgperpie SMF Setem 808%‘1 wshwde a spgerdarnat
l'ess tham mAdobigositiBRE I0Qe Mt %Pﬁ"w @Eiﬁﬂ?f #lda0mnsneadaVe . 2 ticr 288, Tl an

entire portion of the surface o



10 2. A chem cal nechanical polishing system (CW) as recited in claim1,
wherein the carrier is configured to rotate in the wafer ra2Eeliragry 2005
direction. 3. A chem cal nechanical polishing system (CMP) as recited in
claim2, wherein the preparation head is designed to rotate in the
direction of preparation, the 15 direction of preparation being configured
to be a rotation direction opposite tq,the wafer rotation direction. 4. A
chem cal mechani cal polishing system ?E:NP) as recited in claim1, wherein
the preparation head is designed to linearly nmove jn a direction gtf é&f
center of exampRo theasespndagy hersl is sgafigired Hopsgyideraddisiongl Juppart 20 ey waler ¢ of

the edge of. the waf . th t f the.waf ar. A ' i cal
boli sht ng wle e Teskra0Bis thing BalzRe B b ithByilld P08 BUGHR GfbodiEHAM ©2
gi mbal bei pEiRFCH Eﬁ'wid?ng Qﬂdiﬁ_@ﬁélod\',i\%b&@it@ﬁhé)fwdfél? t@kédoRdary tikad gilzbadn bei ng

configured to adjusSt the carrier |l e the carrier is receiving the
prepar at i odesigeedito 6unction lag i tndfer e @hclerncnl Tholspeomidary hepd 2ddmagMp fixed or

recited in claimiy,. further conprising.. 30 retai ner ring.bei n d on
the top Supplile ap Siomls i P ey e €98, ‘é&s Ffﬁ‘ba‘ﬁ%’i‘i{g"eg‘%ﬁ i“éﬁr%_e‘ﬁ“iggg'ﬁol d
t he waf er .(ggrg&rﬁ%rmry 2005 24 7. A chem cal nechanical polishing system

(CWP) as recited Inclaim1, further conprising: a conditi oni ng head bei ng
posi ti oned besileyet hwotharrembexdimériten condilicningiaad 246 aehyHzevpasijioaed gntiettighhi ng

face that i bstantjally pl ith a t f f the vaf d5
S dost gneet e cuBeT 0 g etk R ears Bl s R i B i Bl 2B G
head is Cam%égééthgg)rﬂ%\‘gﬂeﬁ% &h%ﬁ&x@ﬁ%ﬁ@m,qﬁe ERMRGEY hedll 200k Stafele

condi tioni ng em cal mechani ¢al poli'shing system (CWP) as
reci t ed10 ninchadifeclionof prepamtipm20Z ondi ti oni ng head is configured to rotate

i t he di ti f ti . 10 9.. A i | i | | i ]
Gyt om (OVP) ettt therpratogieneed O Higtih G- Lo oSt A5 ePaUBHrd P
| ocat ed ab&%fﬁ,g&&g? PRAibA %, WIER SERRR the BEHAGARNBYHBY. HAuSURPRlde & hoP

surface of
primary head 208 is positioned at position xo, thereby causing the edge of the secondary

head 212 to be located slightly to the left of xo. By positioning the secondary head 212
15 slightly to the left of xq, it is possible for the primary head 208, which is oscillating in the
direction 211, to polish the entire surface of the wafer 202. Accordingly, the primary head
208 will preferably contact the surface of the wafer 202 slightly to the left of x¢ in view of
the slight oscillation.
Figure 2A-2 is a cross-sectional view of the embodiment of Figure 2A-1, which
20 illustrates the co-planer relationship of the retainer ring 204 and the wafer 202. In a
preferred embodiment, a gimbal 216 is positioned underneath the carrier 206 and is defined
to align the carrier 206 to the moving primary head 208 or secondary head 212 during the
polishing, buffing or cleaning operations. The gimbal 216 is mounted on an extending
spindle 224, which rotates in the direction of wafer rotation 209. The extending spindle 224
25 is configured to apply a force F onto the carrier 206.
Further shown in the embodiment of Figure 2A-2 is the fixed conditioning head 210
mounted on a conditioning spindle 226. The conditioning spindle 226 is configured to
apply the force F onto the conditioning head 210. The carrier 206 and the conditioning

head 210 are configured to be moved up and down, along the spindle 224 and conditioning



15 10. A chem cal nechanical polishing system (CWP) as recited in claim9,
wherein the support can be one of a secondary head and at PéHehrugn@08¥upport
point. 11. A chem cal nechanical polishing system (CW) as recited in claim
10, 20 wherein the secondary head is configured to be applied to at |east a
portion of the wafer that is less than the entire portion of the wafer. 12.
A chenmical nechanical polishing systeqy(CWP) as recited in claiml1ll,
wherein the secondary head is configured to rotate in the preparation
direction. 25 13. A chem cal nechanical_ polishing sy ,tfm &CIVP .as ééCi ed
in clai m 1pindih@P@isA asHe asgnshikpaAgpowE f Ogcecﬁﬁ?ibﬁmﬁe & thenetirien 20/o8d i n a
direction beﬁ}e/t\ﬁ)grnigg@?&hd_he center of the wafer and the edge of the wafer

as wel | as™ I On""bet ween about the edge of the wafer and the center

of the wafer. 38 depldedahitidny th@ O ofIhelgrimdrydizad208is positivaed awthe positisini ng
system (CWP) as recited in claim10, wherein the secondary head is .
conf i gur edxet andois eonfigeed do dimppbr move apafmevempnt difectioBald . Alsy shawanis ihe a|

mechani cal _pol j shin em as Leci | | i : ei

support pohenqel BB TEChEe 5 BB p el Seh B AL TeF e postBERE, BlIE
support t hanwafigent, Ife séccﬁﬂ@lgﬂ Gedd 7ee hi@numiguml tos bk Ngatsaratye i 6HVE) linear
conprising: a carrier being designed to hold and rotate a substrate at a

fi xed | ocampesment istandpointhbHavestver, tlzevseqgndars headadle is preferaplyaptatiag alangghe mar y
head being,configured to oscillate at a prorganmable rate while rotating
and |inear ’VCHB@EﬁBreBQf@'i‘O"[ﬁg'fixed | ocation of the rotating carrier in one

of a first diregkhRMAS8GL APIAGIAY of BRUmMBbIRRE OF Fifurd DR- 1 WHeRGE 1Rl edob Of
substrate to about an edge of the surface of the substrate and a second

directi th thegrimuryheat 2Gtobast mbhel fromehopositien sutd apesitbn khewlich dabsasrtht e t o
ant 1o por{HEBITdhe WHE By PRy RERUAIERB AL R 3 0s SHRFAERorY TREOT
17 A cher R o P Loy aa Pl HooHay e 56
wher ei n t hElXlmsrémainedstaimiagned to rotate in a wafer rotation direction.
In this embodiment, the polishing operation started by the edge of the primary head
15 208 polishing the center of the wafer 202 first. Due to the subaperture configuration of the
system, at any given time, the size of the contact areas (i.e., the areas of the wafer 202 being
polished by the primary head 208) were different, and thus the removal rates. At the
instances when the contact areas were small (i.e., the areas around the position x¢) the
removal rates were higher. In contrast, on the occasions when the contact areas were larger
20 (i.e., the areas closer to the position x;) the removal rates were lower. However, it must be
noted that the amount of materials to be removed depended on the profile of the wafer 202
in the areas being polished. For example, if the profile of the wafer 202 were initially flat in
the areas being polished, the primary head 208 removed excess materials so that a flat
polished surface was achieved; however, if the desired profile were not flat, the primary
25 head 208 ensued the profile of the regions being polished while removing the desired
amount of material.
Once all the desired amount of material {e.g., surface layer material) were removed
from the areas around the center of the wafer 202, the polishing operation was continued by
precision controlling the edge of the primary head 208 to a different position, which was

30 farther from the position x¢ and closer to the position x;. Accordingly, the primary head



18. A chem cal nechanical polishing system (CW) as recited in claim17,
wherein the primary head is configured to rotate in a dire22 Februafy 2005
preparation, the direction of preparation being defined as a rotation
direction opposite to the wafer rotation direction. 25 19. A chem cal
mechani cal polishing system (CMP), conprising: a carrier having a top
surface and a bottomregion, the top ﬁgrface bei ng configured to hold and
rotate a wafer having a one or nore fornmed | ayers to be prepared; a
preparation head being configured to oscillate at a programmable rate while

30 |inear|308nisfti g polishingnofathseedasr ofothet wafenafertoathe cad, digrbyotllawiag \ihs er

and confi red.to be 22 Februa 200S,26 appljed tq the [ t hat
fhe or opacdiipgsTabHeay Lo e B0V 3P Rzl Tt fheddfs SPhE Ll 97,
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polishing operation, thereby yielding a better polished wafer 202. Unlike the polishing

operations used in the conventional CMP systems, the primary head 208 performed the
15 polishing operation by rotating in the direction of preparation 207, and simultaneously
oscillating in the oscillation direction 211.

Figures 2B-1, 2B-2, and 2B-3 are illustrations of the differences in size of the
contact areas at different instances of time. In one exemplary embodiment of Figure 2B-1,
initially, the edge of the primary head 208 was located at the position xg, the center of the

20 wafer 202, thereby creating a contact area 230. As shown, the primary head 208 intersected
the wafer 202 at a point 232a and a point 232b, thereby creating the contact area 230
defined as the area between an arc radial 234 and an arc radial 236.
Subsequently, the edge of the primary head 208 linearly moved farther away from
the center of the wafer 202 thus creating a smaller contact area 230°. The implementation
25 of Figure 2B-2 depicts the contact area 230°, defined between an arc radial 232a’ and an arc
radial 232b’ created as a result of the intersection of the primary head 208 and wafer 202 at
a point 232a’ and 232b’. As depicted in the embodiment of Figure 2B-3, once the edge of
the primary head 208 approximately reached the edge of the wafer 202, a substantially
smaller contact area 230" was created. As illustrated, the contact are 230’ is the small area

30 created between an arc radial 236’” and an arc radial 234, defined between the intersection
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rotates in the dlrcctlon of preparatlon 207, it 1s configured to linearly move in a movement
direction 222. As the secondary head 212 moves, the primary head, which is located at the
position xq linearly moves in the opposite direction, the movement direction 214, while
oscillating in the direction of oscillation 211. In one preferred embodiment, the secondary
15 head 212 and the primary head 208 may be configured to both move at about the same
linear velocity, However, in alternative embodiments, the linear velocity of the primary
head 208 and the secondary head 212 can be different and will vary depending upon the
desired process recipe.
Figures 3A-3 and 3A-4 depict a subaperture CMP system 200a’, wherein the edge of
20 the primary head 208 has moved from the position x¢ to the position x; while the edge of
the secondary head 212 has moved from the position xg to a position x.;, which defines the
edge of the wafer 202 in the movement direction 222. The support provided by the co-
planer arrangement of the wafer 202 and the retainer ring 204 permitted the primary head
208 and the secondary head 212 to continue polishing the wafer 202 to its very edge without
25 falling off the edge of the wafer 202. Accordingly, the subaperture CMP system 200a’
permitted precision polishing of the edge of the wafer 202 by polishing the edge of the
wafer 202 to the end.
The embodiment of Figures 4A-1 and 4A-2 depict a subaperture CMP system 200b,
wherein the edge of the secondary head 212 is positioned at the position xo. In this

30 embodiment, the secondary head 212 is designed to be fixed (from a linear movement
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rotate in the direction of preparation 207. Besides rotating, the primary head 208 is defined

15 to linearly move in the movement direction 214 at about the same linear velocity as the
secondary head 212 while it linearly moves in the opposite direction, the movement
direction 222. In one embodiment, while the secondary head 212 supports the wafer 202
during the time it is being polished by the primary head 208, the secondary head 212 may
additionally function as a buffer or a cleaner.

20 The subaperture CMP system 200c’ represents the embodiment of Figure 5A-1,
wherein the primary head 208 and the secondary head 212 have both linearly moved. As
depicted, the primary head 208 has moved from the position x,, the edge of the wafer 202 in
the movement direction 214 to the position xq, the center of the wafer 202. Concurrently,
the secondary head 212 has linearly moved from the position x.; to the position Xo. As

25 such, the 200c¢’ system controls the polishing of a particularly targeted region of the surface
of the wafer 202, the very edge of the wafer 202, without having to deal with the
shortcomings associated with the prior art (i.e., the edge burn-off effect or pad rebound
effect).

The primary head 208 of the embodiment of Figures 6A-1 and 6A-2 is designed to

30 rotate in the direction of preparation 207 while oscillating in the direction of oscillation
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embodiment, the secondary head 212 may function as a buffer or a cleaner besides
supporting the wafer 202 while it is being polished by the primary head 208.
Figures 6A-3 and 6A-4 represent the embodiment of Figure 6A-1 following the
primary head 208 linear movement from the position X, to the position x;. Also shown is
10 the concurrent movement of the secondary head 212 from the position xo to x;. It must be
noted that while moving from the position X, to the position xi, the linear velocity of the
primary head 208 may be about the same as the linear velocity of the secondary head 212.
Accordingly, in specific situations, the subaperture CMP system 200d’ has the capability of
polishing the center of the wafer 202 first, thereby removing surface materials from the
15 center of the wafer 202 prior to removing any materials from the edge region.  This
capability allows the CMP system to polish the surface of the wafer 202 in order to remove
surface materials along a desired topography of the wafer 202. Furthermore, by leaving the
polishing of the edge of the wafer 202 to the end, the subaperture CMP system 200d” can
exercise a greater control over the removal of surface materials so as to eliminate the
20 drawbacks associated with the prior art.
In the subaperture CMP system of 200¢, as shown in Figures 7A-1 and 7A-2, the
edge of the primary head 208 is located at the position x,, the edge of the wafer 202 in the
movement direction 214 thus causing the edge of the secondary head 212 to be positioned
slightly to the left of the position x;. In this embodiment, the secondary head 212 is
25 designed to linearly move in the movement direction 222 while it rotates. Similarly, the
primary head 208 is defined to linearly move at the linear direction 214 while rotating in the
preparation direction 207 and oscillating at the direction of oscillation 211. The primary
head 208 and the secondary head 212 are designed to move at a comparable linear velocity.
Figures 7A-3 and 7A-4 depict the embodiment of Figure 7A-1 after the primary

30 head 208 and secondary head 212 have concurrently moved in the linear movement
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head 212 has also moved from the position x; to the position xo. Figures 7A-3 and 7A-4
reveal a flexible subaperture CMP system, wherein initially, the edge of the wafer 202 is

5 polished without being subjected to the pad rebound effect and edge burn-off effect
associated with the prior art.

Figure 8A-1 is a plan view of a subaperture CMP system 200f in accordance with
one embodiment of the present invention. The primary head 208 of this embodiment is
defined to rotate in the preparation direction 207 while oscillating in the oscillation

10 direction 211. In one embodiment, the subaperture CMP system 200f is designed to
preferably include a support point 220 rather than the secondary head 212. The support
point 220 is configured to support the retainer ring 204 while the wafer 202 is being
polished by the primary head 208. In one embodiment, the support point 220 is positioned
at a position symmetrically opposite to the primary head 208 so as to create a moment equal

15 to the moment generated by the rotating primary head 208. In one embodiment, the support
point 220 may be designed to be rigid. However, in a different embodiment, the support
point 220 may be designed so as to support the retainer ring 204 while the wafer 202 is
being polished by utilizing an automatic mechanism configured to create a programmable
force comparable to the moment generated by the rotating primary pad 208. The support

20 point 220 may support the wafer 202 utilizing any variety of force output devices including,
without limitation, pneumatic output device, hydraulic output device, electromagnetic
output device, or mechanical output device. The support point 220 may further be
implemented by the use of an open or closed loop system, wherein the resulting forces
and/or the feedback can be monitored. In general, any force output device that can generate

25 a programmable force so as to compensate the moment generated by the primary head 208
can be used.

Figure 8A-2 is a cross-sectional view of the embodiment of Figure 8A-1, which
illustrates the position of the support point 220 with respect to the co-planer relationship of
the retainer ring 204 with the wafer 202. As shown, initially, the edge of the primary head

30 208 is positioned at the position xg, the center of the wafer 202.
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The subaperture CMP system 200fof Figures 8A-3 and 8A-4 depict the
embodiment of the Figure 8A-1, wherein the edge of the primary head 208 has moved from
the position xo to the position x;. As shown, the primary head 208 started polishing the
wafer 202 at the center of the wafer 202. As the primary head 208 continued polishing the
surface of the wafer 202, the support point 220 supported the wafer 202 by imparting a
force on the retainer ring 204 so as to compensate for the moment generated by the primary
head 208. As a result of the support point 220 supporting the wafer 202, while the wafer
202 was being polished by the primary head 208, the subaperture CMP system 200f" was
able to polish the wafer 202 to its very edge without facing the shortcomings associated
with the prior art.

In the embodiment of Figures 9A-1 and 9A-2 the support point 220 applies force on
the retainer ring 204 while the retainer ring 204 holds the wafer 202 being polished by the
primary head 208. In this embodiment, the edge of the primary head 208 is positioned at
the position x; while the support point 220 is positioned at a symmetrically opposite point
on the retainer ring 204. As shown in the embodiment of Figures 9A-3 and 9A-4, the
primary head 208 has moved in the movement direction 222 from the position x1, the edge
of the wafer 202, to the position X, the center of the wafer. Thus enabling the subaperture
CMP system 200g’ to polish the very edge of the wafer 202 without confronting the pad
rebound effect and edge burn-off effect associated with the prior art.

In one embodiment of a subaperture CMP system 200h, a plurality of support points
220 may be implemented. As depicted in the embodiments of Figures 10A-1 and 10A-2,
two support points 220 have been used to apply force on the retainer ring 204 while the
retainer ring 204 holds the wafer 202 as it is being polished by the primary head 208. In
this embodiment, the edge of the primary head 208 is positioned at the position xo, while
the support points 220 are positioned on opposite positions on the retainer ring 204. The
multiple support points 220 support the retainer ring 204 and, thereby the wafer 202 by
generating a moment comparable to that of the primary head 208.

The benefits of utilizing multiple support points 220 become evident particularly
when the primary head 208 is polishing the edge of the wafer 202. The embodiment of
Figures 10A-3 and 10A-4 depict a subaperture CMP system 200h’, wherein the edge of the
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primary head 208 has moved from the position x; to the position x;. As shown, the support
points 220 supported the retainer ring 204 and, thereby the wafer 202 while the primary
head 208 moved from the position xo to the position xi, the edge of the wafer 202. The co-
planer relationship of the retainer ring 204 with the wafer 202 in conjunction with the

5 support provided by the support points 220 have allowed the polishing head 208 to polish
the wafer 202 to the very edge without falling off the edge of the wafer 202.

Figures 11A-1 and 11A-2 depict a subaperture CMP system in accordance with yet
another embodiment of the present invention. This embodiment also implements a plurality
of support points 220, which apply force on the retainer ring 204 while it holds the wafer

10 202 as the wafer 202 is being polished by the primary head 208. In this embodiment, the
edge of the primary head 208 is positioned at the position x;, while the multiple support
points 220 are located on opposite positions on the retainer ring 204. As shown in the
embodiment of Figures 11A-3 and 11A-4, the primary head 208 has moved from the
position x; to the position xo. The multiple support points 220 enabled the primary head

15 208 to start polishing at the very edge of the wafer 202 without creating any pad rebound
effect or edge burn-off effect.

Figure 12 depicts a non-gimbal exemplary embodiment of the present invention. As
shown, the carrier 206 is situated on the extending spindle 224 while engaging the retainer
ring 204, which holds the wafer 202. The support point 220 applies force on the retainer

20 ring 204 while the primary head 208 polishes the wafer 202. This implementation,
preferably, requires the utilization of a primary head 208, which can adjust to the carrier
head 206 as the primary head 208 is being applied on the carrier head 206. Specifically, the
primary head 208 is configured to properly apply appropriate amount of force on the carrier
head 206 so as to prevent improper angled contact of the primary head 208 with the carrier

25 206.

It should be appreciated that the present invention may be implemented in a manner
$0 as to include a system to monitor the finishing layer thickness (e.g., such as any one or
more layers/films being prepared/polished), material removal rate, and/or finishing layer
profile. However, such monitoring systems have not been shown in the above-mentioned

30 Figures. Furthermore, although in the exemplary above-mentioned embodiments the wafer
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202 and the other components were oriented horizontally, the present invention may be
implemented in a manner so that the wafer 202 is oriented in any attitude (i.e., pitch or
roll). Lastly, the present invention may be implemented so that all axis motions, forces,
flows, and process parameters may be fully programmable.

5 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. For instance, the embodiments are
applicable to any substrate, such as, storage media disks, semiconductor wafers (e.g., 200
mm wafers, 300 mm wafers, etc.), and any other type of substrate requiring polishing,

10 planarization, buffing, or other suitable preparation operations. Accordingly, the present
embodiments are to be considered as illustrative and not restrictive, and the invention is not
to be limited to the details given herein, but may be modified within the scope and

equivalents of the appended claims.

What is claimed is:
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CLAIMS

1. A chemical mechanical polishing system (CMP), comprising;:
a carrier having a top surface and a bottom region, the top surface being configured
to hold and rotate a wafer having a one or more formed layers to be prepared; and
5 a preparation head being configured to oscillate at a programmable rate while
linearly moving between a center of the wafer and an edge of the wafer and be applied to
the wafer, such that less than an entire portion of the preparation head overlaps less than an

entire portion of the surface of the wafer.

10 2. A chemical mechanical polishing system (CMP) as recited in claim 1,

wherein the carrier is configured to rotate in the wafer rotation direction.

3. A chemical mechanical polishing system (CMP) as recited in claim 2,
wherein the preparation head is designed to rotate in the direction of preparation, the
15 direction of preparation being configured to be a rotation direction opposite to the wafer

rotation direction.

4. A chemical mechanical polishing system (CMP) as recited in claim 1,
wherein the preparation head is designed to linearly move in a direction of the center of the
20 wafer to the edge of the wafer as well as a direction of the edge of the wafer to the center of

the wafer.

5. A chemical mechanical polishing system (CMP) as recited as claim 1,
further comprising:
25 a gimbal being secured to the bottom region of the carrier, the gimbal being

configured to adjust the carrier while the carrier is receiving the preparation head.

6. A chemical mechanical polishing system (CMP) as recited in claim 1, further
comprising:
30 a retainer ring being engaged on the top surface of the carrier, the retainer ring being

configured to hold the wafer.
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comprising:
a conditioning head being positioned beside the carrier, the conditioning head
having a conditioning surface that is substantially planar with a top surface of the wafer and
5 is designed to deliver or receive the preparation head as the preparation head is caused to be

moved onto the top surface of the wafer or onto the conditioning head.

8. A chemical mechanical polishing system (CMP) as recited in claim 7,

wherein the conditioning head is configured to rotate in the direction of preparation.

10
9. A chemical mechanical polishing system (CMP) as recited in claim 1, further

comprising:
a support being located above the carrier, the support being configured to support a

top surface of the wafer.

15
10. A chemical mechanical polishing system (CMP) as recited in claim 9,

wherein the support can be one of a secondary head and at least one support point.

11. A chemical mechanical polishing system (CMP) as recited in claim 10,
20 wherein the secondary head is configured to be applied to at least a portion of the wafer that

is less than the entire portion of the wafer.

12. A chemical mechanical polishing system (CMP) as recited in claim 11,

wherein the secondary head is configured to rotate in the preparation direction.

25
13. A chemical mechanical polishing system (CMP) as recited in claim 12,

wherein the secondary head is configured to linearly move in a direction between about the
center of the wafer and the edge of the wafer as well as the direction between about the edge

of the wafer and the center of the wafer.

30
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wherein the secondary head is configured to be one of a support, a buffer and a cleaner.

15. A chemical mechanical polishing system (CMP) as recited in claim 10,
5 wherein the support point is configured to apply force on the retainer ring so as to support

the wafer.

16. A chemical mechanical polishing system (CMP), comprising;
a carrier being designed to hold and rotate a substrate at a fixed location, the
10 substrate having a surface to be prepared;

a primary head being configured to oscillate at a prorgammable rate while rotating
and linearly moving over the fixed location of the rotating carrier in one of a first direction
beginning at about a center of the surface of the substrate to about an edge of the surface of
the substrate and a second direction beginning at about the edge of the surface of the

15 substrate to about the center of the surface of the substrate, such that less than an entire
portion of the primary head is configured to be applied to the substrate, overlapping at least

less than an entire portion of substrate,

17. A chemical mechanical polishing system (CMP) as recited in claim 16,

20 wherein the carrier is designed to rotate in a wafer rotation direction.

18. A chemical mechanical polishing system (CMP) as recited in claim 17,
wherein the primary head is configured to rotate in a direction of preparation, the direction
of preparation being defined as a rotation direction opposite to the wafer rotation direction.

25
19. A chemical mechanical polishing system (CMP), comprising;

a carrier having a top surface and a bottom region, the top surface being configured
to hold and rotate a wafer having a one or more formed layers to be prepared;
a preparation head being configured to oscillate at a programmable rate while

30 linearly moving between a center of the wafer and an edge of the wafer and configured to be
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a conditioning head being positioned beside the carrier, the conditioning head
having a conditioning surface that is substantially planar with a top surface of the wafer and
5 is designed to deliver or receive the preparation head as the preparation head is caused to be

moved onto the top surface of the wafer or onto the conditioning head.

20. A chemical mechanical polishing system (CMP) as recited in claim 19,

wherein the carrier is configured to rotate in the wafer rotation direction, and the

10 preparation head is designed to rotate in the direction of preparation, the direction of
preparation being configured to be a rotation direction opposite to the wafer rotation

direction.

21. A chemical mechanical polishing system (CMP) as recited in claim 19,
15 further comprising:
a gimbal being secured to the bottom region of the carrier, the gimbal being

configured to adjust the carrier while the carrier is receiving the preparation head.



