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5 BACKGROUND OF THE I NVENTION 10 1. Field of the Invention The present

i nventi owoedatoes generally to chem cal nechani cal polishpayub@kRy46 syst ens
and techniques for inproving the performance and effectiveness of CWP
operations. Specifically, the present invention relates to a wafer carrier
utilized in a subaperture CWMP system 15 2. Description of the Related Art
In the fabrication of sem conductor devices, there is a need to perform CW
oper at i onsSUBNPERTURECCHENMICAID MECHANIC AR POLISHING' SYSTTIEM Al | Y,
integrated circuit devices are in the formof multi-level structures. At
the substrate |evel, transistor devices having diffusion regions are
formed. In subsequent |evels, interconnect netallization 20 lines are
patterned and electrically connected to the transistor devices to define

the. desired functional device. As is well known, patterned conductive

I a?ers are insulated fromother conductive |ayers by dielectric materials,
such as silicon dioxide. As nore netallization |evels and associ ated
dielectric layers are forned, the need to planarize the dielectric

materi al increases. W thBACKGCROBNIYOFITHE INUENTEONI on of additi onal
nmetallization |ayers 25 becones substantially nore difficult due to the

hi gher vari ations in the surface topography. In other applications,

|1} Serns are formed in the dielectric mterial, and
L@ (?:%hbegg'rva'?{ions are perfor med to renove excess netalli zat| on. In
the prlor

, stens typi ment  bel t ush
stations i?i[rhev@ﬁaﬁl?t yephon %%‘g ggper%ltlxlgﬁgger&}cgl H’ggbanllc@ é)(?; %Bhg 8@%\& )" and
pol i Shsﬁ%sorangoﬁebhrﬁg&@sf&f iRprovg WeHee perfimbnty 4nd BEEMiveRedsasf |dN@t e and
enhance the CWP operation. Slurry is nbost usually introduced onto a noving
pr epar epdrationsuiSpecifically, the prdsehttinvendion r¢latas o 2 waldr careet wtkizedamd WO 02/ 16075
PCT/ US01/ 22846 2 distributed over the preparation surface as well as the

sur f aceubapernie CMPsgdraluct or wafer  being buffed, polished, or otherw se

preg)ared y the CMP process. The distribution is
Description of the Related Art

In the fabrication of semiconductor devices, there is a need to perform CMP
operations, including polishing, buffing and wafer cleaning. Typically, integrated circuit
devices are in the form of multi-level structures. At the substrate level, transistor devices
having diffusion regions are formed. In subsequent levels, interconnect metallization

20 lines are patterned and electrically connected to the transistor devices to define the desired
functional device. As is well known, patterned conductive layers are insulated from other
conductive layers by dielectric materials, such as silicon dioxide. As more metallization
levels and associated dielectric layers are formed, the need to planarize the dielectric
material increases. Without planarization, fabrication of additional metallization layers

25 becomes substantially more difficult due to the higher variations in the surface
topography. In other applications, metallization line patterns are formed in the dielectric

material, and then metal CMP operations are performed to remove excess metallization.

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
30  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



general ly acconplished by a conbination of the novenment of the preparation
surface, the novenment of the sem conductor wafer and the friction created
bet ween tWeozewrtonductor 5 wafer and the preparati on sup€BTe01/42846a
typical CWP system a wafer is nounted on a carrier, which rotates in a
direction of rotation. The CWP process is achieved when the exposed surface
of the rotating wafer is applied wi&¢h force against a polishing pad, which
noves or rotates in a polishing pad direction. Some CMP processes require
that a distghuted ouen the preparatien syéateas wellpstthe surfage of Hie seatiegnduglondpir i s

being polis .he .pol i shin ad, ral | th ol kshing . gsed in
t he e%?@%i’?h%ghﬁro%tﬁarwd% gf&P%ﬁﬁgj%é!r egf\g]r) du cer%)’sat 3?1 ?éﬂ Sgl.’l5)'1{j—llic4>)wel\l§er, in
sone CMEn&yAY 8FtomplidBed®) 4 SAihPidlatRRSt fBYnovembad of the yRParatlbhi sadrace, articl es
t hroughout their surfaces. Depending on the formof the polishing pad

used, anevemeany of hepsomgndicterrwaieandibe fiitignicenatesi hehivees thpHaapicerdudfornat er

cont ai ni 15, di spersed abrasive particles may be applied to the polishing
pa(rjl’f z}r}g]bvdctﬂggfqpﬁxa 1391surfdagfz.asi ve chenical solution between the polishing
pad and the_wafer. Several problens my be &ncount ered Efn l e using a

typi cal COvPIspsyRical GV SYséalr R WIS oBCERES Onca | CREIFT WHEE- BRI IT 2 whi ch
is cau - :

differ Z‘ﬁ%dr[{g?gf% atr%g%(\){rk@}és(?lgfg @ﬁgéépﬁzdflg ggdcg’ggll?r%g ?%ﬁ%&lﬁécgfénf] f'2?18 profile
on t he rstatihgceafef istapplistbkith forthagginald poishmgyad] whiel métel cedgteefid act can
be divided to two distinct categories. The fi rst,ca,egog | ates to the

so- cal |Rdishipgpad dlysehinn. e EMP Procewses wguie that g signpicanh rF‘Trqg? 58d &ont act
fith 1.shi i ' f Th d t il
peltioe BE kbR AR ks bl pIih i poingied 1 BC 00 Chound. of f ect
iated wth th i.or.art., 25 .A 202 | t ed i 100.
Subsequent | Sorwiy, o hotbisd s i B G3IR RferhpE RS S W (s
force Hyguaserpalsi HowevEVih RRCEMP syitent, ﬂ%r EMinE @i mhif cofthifiEfixelihe pad

surface 102 contacts the edge of the wafer 202 at an edge contact zone
104c, «mabivehparpelds wotghoet their sirfaogs.bDeperiding o thetfhem of e polishing pedf er |

t hereb t - t act 104a. , Th ~the pad surf
cones. 1HED COMEACOTRONS G fpel SUuTan Sigh b USRI ST DI RrC B Rgae ” 5
cof¥ acty;gRRed184kivd BABYRE misBe RpFlicHEd arepdRRBin2opa; hereby cidifing Wnf ace of

t
the wafer
abrasive chemical solution between the polishing pad and the wafer.

Several problems may be encountered while using a typical CMP system. One
recurring problem is called “edge-effect,” which is caused when the CMP system polishes
the edge of the wafer at a different rate than other regions, thereby causing a non-uniform

20  profile on the surface of the wafer. The problems 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

wafer. The second category will be described below.

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

25 A wafer 202 is mounted on a carrier 100. Subsequently, the wafer 202 is applied against
the pad surface 102 with a force F to accomplish a CMP process. At a certain point in

time, the pad surface 102 contacts the edge of the wafer 202 at an edge contact zone 104c,

and the pad surface is shown bouncing off the edge of the wafer, thereby creating a non-

contact zone 104a. Thereafter, the pad surface comes into contact with the wafer 202 at a



202 again, so as to create another non-contact zone 104a. Then, once nore
the pad surface cones into contact with the wafer 202 at anot her contact
zone 104iwobbw@ver, it bounces off again. Thus, the regi POFUSI/LBE waf er
202, which came into contact with the 5 pad surface 102 |i ke the contact
zones 104b, are polished nore than other regions. As a result, the CW
processed wafer will tend to show a don-uniformprofile. The "burn-off
"effect, which constitutes the second category of problens associated wth
t he edgeneft zate 104bsHdoweven the gad suf®e W2 haunges efAttleaisurfase of e vRferef f ect

occurs en. t he sharper, ed of a fer 202.is excessjyvel ished as it
makes GSRRE-0 R Prats Dot apFbRedos e . “XEEE RetE el bbb Sone
104c) . hfthse QARRAA% RERLFEN the WRRE DOE htdHotheR BBtALL Zhe ROAS SHOR V&, RXET t ed
on the edge of the wafer 202 as a result of the surface pad 102 applying

t he fortoendeseff again.rFlivgi thelrggienradf] the ovaferc202a mbichdesiieniatd eentadhavithelige
cont act zone 104c. .. a consequen of the. burn-off effect, .the edge of the
reg{JI t B Su’&?ﬁq @eﬁ@ﬁé?gta‘éﬁfﬂa ?8@’ Wcﬁisﬁﬁé o5k Ihragr?gberr JOgIL- e§§ “region
unusablggyit herERy piecidddvardSyifl tbhE @ she VA fch-difdm ppRleher short coni ng of
conventional CWMP systens is their inability to polish the surface of the
waf er 202 desi bk SR f fd | ' Lihgqsur face
of 5 waf er 1502 FR SR LB, bhlEh B U e Rl e o Y B 26 HsghaReS
di f f er anith tHe edgeesfect ix tHvevn ineRigare 1Bgi An ilhsthatedy ihesbuirn-ofheffémessumsut to
the edge. As illustrated in_ Figure 1C-1, in a 2& typi cal conventig}gal CwvP
syst emWhendhe sharaeredge ef a gafer gR2 inexcgsbyely polished ps ftanakss epntact yyifhahs - j o
desi{ gn t I rc i pishin a 202a.syrface. esul t,
al 10 fnasic, SufBR 1oz G, BB Pudk) B iy OIBI0Z0MRE Hbas peffnd
fi ni shidagsiléyble aabdat bSpressubisis @Rértel dry theledpe offthesyafas202hwvaresudt 6f tar e 1C- 2,
the pad surface 102 polishes the fi ni_shi,gegy | ayer 202a, irrespective of its
wavy prgffeseepad h2 epplyingube fieree Feon AR dndinitely small gantaef arps, defingdyay Wger 202a
to be ngn-uni.fqr [T i 0 aagfdt ). As is
wel | knegi\%% ftflo t%(grrgg}éé ;C():Aﬁﬁ tA%%ﬁl?%dﬁelﬁ%ezn&ég%Pllngla%?%frﬁes&’rotégg?‘% e thége%gﬂ%:l rtain
t hi cknesgisipdd wakisexhiit PBuriRingtigdthedieisntheedgy regionhimubable thereti wastidgvi ce.
For instance, if the finishing |ayer 202a were a dielectric |ayer, a
celd ai rsilidonceieiss 8r94oul d be needed in order to define nmetal lines and
conductive vias therein. WD 02/ 16075 PCT/ USO1/ 22846 4

Another shortcoming of conventional CMP systems is their inability to polish the

surface of the wafer 202 along a desired finishing layer profile. Ordinarily, the surface of
a wafer 202 that has undergone some fabrication tends to be of a different thickness in the
center region and varies in thickness out to the edge. As illustrated in Figure 1C-1, in a
20 typical conventional CMP system, the pad surface 102, which covers the entire wafer
surface, is designed to apply a force on a finishing layer 202a surface. As a result, all the
regions of the finishing layer 202a are polished until the finishing layer 202a is
substantially flat. Thus, as shown in Figure 1C-2, the pad surface 102 polishes the
finishing layer 202a, irrespective of its wavy profile, thereby causing the thickness of the
25 finishing layer 202a to be non-uniform (i.e., at points 202a;, 202a,, 20223, and 202a4). As
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.



In view of the foregoing, a need therefore exists in the art for a chem cal
nmechani cal polishing systemthat enables precision and controlled polishing
of speciWwdozldoystargeted wafer surface regions, while subeT/@Rtl/2B46y

el imnating danagi ng edge-effects, pad rebound effects, and edge bum of f
effects. 5 SUVWARY OF THE | NVENTI ON Broadl y speaki ng, the present invention
fills these needs by providing a sys#tem which inplenents precision

control |l ed polishing of layer surfaces of a wafer. In one inplenmentation,
the CWP sysfrenmeyarpfb@errﬁm@gomg,f@lne@dv therefore poistsaphythefart Her |agglgmicy

surfaces qf th fer so as t reate a |l ayer surfac ichi.has a uni form
hi cknabehapical ifisfibe° Rt faf cFRhfs CpisEie G Pl St 1o

desi gneghetifichlpPhLe@med voafer SlirfdckNEbglonk, Wdile | ShbsasiblyPElrhiating Aainfigingd
configuration, thereby elimnating the above- nentioned drawbacks,

edge- efdgdgetetfectpphdrelynd ¢ffe¢ts cmdedgabemedfeffests: n- of f effects. It shoul d be
appreci ated that the present invention can be inplenented in nunmerous ways,
15 3 ncluding as a process, arSEMMARIIOFSTHEINVENTEYN a device, or a method.
Several inventive enbodinents of the present invention are described

bel ow. In one enbodi nent, a chem cal nechanical polishing (CWP) systemis

di scl osed. t i i I : ace and
a bottom reg?%hﬁi}%e %b%sh@gégggﬁ%efl ﬁ'? ﬁgﬂ{:sa@%?eefrgé?gma,g@ig ‘éﬁlé%é)fp o@ﬁ% d and

r ot at ewhichednepletnents pgecisiom eomtrolfedr golishingeal Rferl ayfacss bh abwafer.edares.
Further included is a _preparation head, which is designed toIc &% applied to
at | eaEPlgmepiation nthe s CHResXHee can byt mpde (1o £allow Ahe dppagranhy eolthet 1837 of t he

0§ 20 Surbloes R SnISIRE: od 3 AGORE LTHOOLIRRL: Whic AR BAUnEABRIGRS

poli shing isclosed’ Acarrier I's designe

r ot at eth@owghoat.r dh @ piefedretli etrbbdimend, it CMIPayst@h ie adesigred itodhnplbasena asur f ace
to be prepared. Al so included is a prinmary head. The prinmary head is
desi gnEdating sasvier By & subapertaio pRlishiiga¢qnbiguigtion.n@ereBy limigatig: e dboyér one of
afirs L echi e i Lon. i I [ inhsyat about
he comenlbisf°lndBadls, 2asinan, Bgehba crfics, uih gt SEhL 07 BRALT

di r ect slsuld 8giapprediatedrbatt the peeseslig@veritionhensher ingla@némed abauietione wegnt er of
the surface. The primary head is further designed to be applied to at 30
| ebbt Hnchuling ana Procesfe 28 @PPHAWS, PAYHHD 5 d¢Vdess of Bancthed e Several PYPRn of t he

surf acgmbxgm%%{s]&%e%ﬂg%{ 1S 2288 Qescribed below.

In one embodiment, a chemical mechanical polishing (CMP) system is disclosed.
The CMP system includes a carrier, which has a top surface and a bottom region. The top
surface of the carrier is designed to hold and rotate a wafer having a one or more formed
20 layers to be prepared. Further included is a preparation head, which is designed to be
applied to at least a portion of the wafer that is less than an entire portion of the surface of

the wafer.
In another embodiment, a chemical mechanical polishing (CMP) system is
disclosed. A carrier is designed to hold and rotate a substrate at a fixed location. The
25  carrier includes a surface to be prepared. Also included is a primary head. The primary
head is designed to move over the fixed location of the rotating carrier in one of a first
direction or a second direction. A first direction begins at about the center of the surface to
an edge of the surface, and a second direction begins at about the edge of the surface to
about the center of the surface. The primary head is further designed to be applied to at

30 least a portion of the surface, which is less than an entire portion of the surface.



51n still a further enbodi nent, a chem cal mechani cal polishing (CW)
systemis disclosed. The CMP systemincludes a carrier having a top
surface amaoz1deoi t om regi on. The top surface of the carrpPer/user/xtesi gned to
hold and rotate a wafer, which has one or nore forned |ayers to be
prepared. Also included is a preparation head designed to be applied to 5
at least a portion of the surface of Sthe wafer that is |l ess than an entire
portion of the surface of the wafer. Further included is a conditioning
head posi ti &neidll bestther erneodiment, @rchemigal mashaied! moliging d&YIR)ssyges1 ned to

have a .condifioni urface that is substantiall | ane Lth a.top

our  acdegPsede PO PP Yl Buctelh il TR 4 CorlirPrdftn stond bt i ver
the prapadPdurfabe HERE cagiet RelehighERioAtdl@nd@Rde h Svakdry wHicAHa® ohdi6r hee surface
of the wafer. 10 Alternatively, the conditioning head is designed to

recei véomied Igyeesptarbs brepardse hisasmcluded ige preparatioroheadaigsigned todeagplied @ t he

oo P a3 AR oot BRSR ARSIl R 3RO RSP B 2
until GheneSwhfeCBubiertilQui@f Bra bsndifondsd RO Rsltdonéd Bbsidd R GuRaperteur e CVP

system precisely and controllably, polishes 15 specifically targeted wafer
sur f ac eonditjpring heathissdesigned e hewd o donditioning tserf@Pthay &t substatiallybplangrde t o

fol | ow t. hy . of t i ni shj.ng.| .. thereby . i ng. a_fini shi
ayer it g SHGRT P WHIPE K RS S hinh R s i et o A Bpbeber t ur <
confi gurabhi-0bn Head RS thEYRepaYR{oRMdal 18 ARLWACSAE Mt stibffecCf HeClvafer.

i npl ement'ed, substantially elimnate the edge- effects, pad rebound effects
andio edgdteimativelyf fheeddnditionings Bead it dadigned o trersivsr ther praparatidiuheddess e

advant ages associated wi.th the supaperture CMP system i nclude, w thout
li mi taﬂ?’ffJ tion %@?&HVFQPPSP tFBﬁ%‘f‘Btf‘gﬁ?%ﬁqaﬁt, machi ne vol une, and cost of
owner shi p. @pRef ARPEGLSE AHRIpRIMANERAGESH Ure thlfhetdide NPHEArYY, | fathBe GomE
apparent fromthe follow ng detailed description, taken i'n conjunction

wi t h t Ipelishieg aflathy i egiods afi thgssurfacd lofist mafer naptibythevesyrfate of dhpIveaferhis
principles of the inventjion. 25 EF DESCRI PTI. ON THE W NGS The
pr esentsuﬁ’ﬁtﬂﬁé‘ﬁltll’ otﬁatw't 9 Sl lléapteg}ﬁﬁ F&%nﬁéﬁ% O‘HSCI.B%}yt FB‘FW‘B%@% QPS‘F%?SI ed
de§§r | Bbdchifeall) o Qb Bl A trboibie B ARRAB ¥inBBdiAW RIEMIPSRtehi &8
reference nunerafs 30 designate |ike structural elenents.

be made to follow the topography of the finishing layer, thereby creating a 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 conjunction 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

30  designate like structural elements.



WO 02/ 16075 PCT/ USO01/ 22846 6 Figure 1A is an illustration of the pad
rebound effect associated with the prior art. Figure 1Bis an illustration
of the edpeobuwwdff effect associated with the prior art.PCHFUgurRs4C-1 is a
cross-sectional view of a wafer revealing the non-uniform 5 topography of
a wafer. Figure 1C-2 is a cross-sectional view of a typical post-CW wafer.
Figure 2A-1 is a plan-view of a subaperture CMP system in accordance wth
one enbodi ment of the present invention. Figure 2A-2 is a cross-sectional
view of a subaperture CWP system illustrating the 10 co-planer

rel ati onship. of e retainer ri and .t he r..in acc ance w.th anot her
rbod nont . DECEA i BCU inpat kR e s essqe e RARR B My "
subaper t ur eroR 8Y & SMubttdiéntof e dade bivg-dTP¥RER Bisocifedtwieh teipher ¥rthead from
the center of the wafer to the edge of the wafer, in accordance wth yet

anot her enbBigureedC-bfist hecrpasessetitmal vievntdfon. wafsr Fepalieg 2he mangimgform
cro s-iecti ogal Vi e%\)/ of a subaperture CWP system revealing the fixed
pos? t i {PPOBPPRNA AWalShdary head, in accordance with still another enmbodi ment

of the prepgife 1019884 ICARs-sEdtBMAISidBola typidl fhsRuMPvalferd contact area at a
time when the edge of the primary head i's positioned at a center of the

waf er, accoFigurag2Ad isreeplendyiziv of atsuldpertine @YIBswsiem, 0 agagudance with @riegur e
2B- 2 iswg d(;ii agr%of a contact area at a tine when the primary head has
moved SREYUFEBIALAR PSRN VI O/ he waf er, according to another enbodi ment of

the present g, AVEANI QR crbdsGiEondBridw o adubhpRgtANTNP @/S&ﬁﬂti%kraﬁﬁ%ﬁlemen the
primary head 1s approaching an 25 edge of the wafer, according to yet

and® he co-pidned retaivinship oheheprasaiven ring\aadt therwafll, gior accgmlance svith phathervi ew of
a subaperture system. illustrating the respective positions of the
pri mar ﬁmhg‘ﬁHleﬁ%ﬁPﬁg”%‘&d’ﬁ%?&?l?n'head relative to the carrier, in accordance
Wi th _St g Fé@z—ﬁ-ﬁ@?ﬂé\dm@% d¥fa shbBHeRLRINP sy ¥RAN{ITueRatirfs! tHY idvedlet | S a
cross-sectional view of a subaperture CWP sysiem revealing the

of the primary head from the center of the wafer to the edge of the wafer, in accordance

with yet another embodiment of the present invention.

15 Figure 2A-4 is a cross-sectional view of a subaperture CMP system, revealing the

fixed position of the secondary head, in accordance with still another embodiment of the

present invention.

Figure 2B-1 is a diagram of a contact area at a tirhe when the edge of the primary
head is positioned at a center of the wafer, according to one embodiment of the present

20  invention.

Figure 2B-2 is a diagram of a contact area at a time when the primary head has
moved away from the center of the wafer, according to another embodiment of the present
invention.

Figure 2B-3 is a diagram of a contact area when the primary head is approaching an

25  edge of the wafer, according to yet another embodiment of the present invention.

Figure 3A-1 is a plan-view of a subaperture CMP system, illustrating the respective
positions of the primary head and the secondary head relative to the carrier, in accordance
with still another embodiment of the present invention.

Figure 3A-2 is a cross-sectional view of a subaperture CMP system, revealing the

30  co-planer relationship of the retainer ring and the carrier as well as the position of the edge



30 co-planer relationship of the retainer ring and the carrier as well as
the position of the edge WO 02/ 16075 PCT/ US01/ 22846 7 of the primary head
at the coawoer1®fsthe wafer and the head of the secondary Pem@Soy846t i oned
slightly to the left of the center of the wafer, according to yet another
enbodi nent of the present invention. Figure 3A-3 is a plan-view of a
subaperture CVWP system illustrating7the linear 5 novenments of the prinmary
head and the secondary head in the opposite directions. Figure 3A-4 is a

cross- gedhe primary head ot the seisempef tha avatoyrans dieeheaddepitles iseapnedsry head

non- st at i.onary ition o h ecandar ead, .1 n_accordance w t et
Aot he PR HERY o7 Bhenloth 4 JBF AR ot 18R Ve aRERGRE 07 Btttk v o
a subapgbbdifieni@Yths pb@inwehigsei N the edge of the 10 primary head is
positioned at the edge of the wafer while the edge of the secondary head is

posi ti oned EigurendAck @ mplaskvieweolvinpuhaperfe SEMPrgysten, gtlugttating dlac Enear

enbodi nent _of t resen i nvention., Figure 4A-2 is a.cross-sectional view
of 5 s TRdpEFte P PeRETRL bead S SihseP iy A Sa 6 RanGisifbERts on of e
secondary hegdref 320 R d BSAcHBLEVRR ofSh Sishpeitire CRIPCREEN defibtingl ey et

anot her enbodi nent of the present invention. Figure 4A-3 is a plan-view of
a subaper-statienaghVposityernt efthe wbeemdiny hetnd i depordence mdth yst amethgr embodithens

Iinearlfx noved from.the edge of the wafer to the center of the wafer,

accor dPhe PEFSERRYCIEABt her enbodi nent of the present invention. Figure 4A 4

is acr 055'?1%@%6 HRAl i\ ﬁ%-@fe@oﬁ#ﬁﬂﬁﬁéﬁdfé eNddBysyal @itrefell ez sf flee 20

| i near novenent of the primary head and the fixed position of the secondary
hedd f pommey hehd iepositinmed atthe edgaofdbeowafer whilegbe odgtavfabe sicohdargheathist her
enbodi nent of, the prese

subapeP?SHWeEpp! E%o? téh?elgfr‘] ﬁglgéfﬁ@ihg Eé 8@& tgpgtﬁérlﬂééqcﬁ?’g%tz&ﬁé S#égl{ﬁr ?mar y
head apfetiys. secondary head relative to the carrier, in accordance 25 with
still another enbodi ment of the present invention. Figure 5A-2 is a
cr oss- sect i Bigate 4A-Aniscf crassicbageil viemeofChPutspsitens CMResystem, tévealing thear y head
and Segtgt?c()jnar pcbs%?o% &J’ the ggc%irlgatlr? ﬂeédo frgn% aI lgrl%grt I%ngIPlCI}t gteanggtggt?i gcgorﬁgr%etg of the
15  yet another embodiment of the present invention. ‘
Figure 4A-3 is a plan-view of a subaperture CMP system, wherein the edge of the
primary head has linearly moved from the edge of the wafer to the center of the wafer,
according to still another embodiment of the present invention.
Figure 4A-4 is a cross-sectional view of a subaperture CMP system, depicting the
20  linear movement of the primary head and the fixed position of the secondary head from a
linear movement standpoint, in accordance with yet another embodiment of the present
invention.
Figure 5A-1 is a plan-view of a subaperture CMP system revealing the respective
positions of the primary head and the secondary head relative to the carrier, in accordance
25  with still another embodiment of the present invention.
Figure 5A-2 is a cross-sectional view of a subaperture CMP system, wherein the
primary head and secondary head are depicted to be located on the opposite edges of the

wafer, according to yet another embodiment of the present invention.



waf er, according to yet another enbodi nent of the present invention. WO
02/ 16075 PCT/ US01/ 22846 8 Figure 5A-3 is a plan-view of a subaperture CWP
system whepziqe7i he primary head and the secondary head bhav@séinesr |y
noved fromthe opposite edges of the wafer to the center of the wafer,
according to yet another enbodi ment of the present invention. Figure 5A-4
is a cross-sectional view of a subap®rture CVP system depicting the 5

| i near novenents of the primary head and the secondary head, in accordance
still anot hidiguresbdds Aplan-dew oha syhapsidie GV shttesnwhepiguthe pemany heady

| an- vj f b : in t [
head i R e g AR € sEER S Al e Sphed BB e hIBL TR e

waf er, centdd of BfeOK &8 @EcoMiing t/ Rt aRcBEN@AbSIMReEH oTelY predent fi€@emidsent invention.
10 Figure 6A-2 is a cross-sectional view of a subaperture CVWP system

depi cti ng tHgurepDAidt iis anerosstsectienab digasolod seliapersire kY] shistem, demictitgethgecondary

he at_about the center .of the er, acgcording.to t_an r enbodi ment
of af heﬁlberaﬁ Ittty é’ﬁ?ﬁleoﬂgmﬁydlf% a]\é\%hf Jegons an g??la % Ccéﬁ% agceséj{%f;%é)rt }?elf re CWP
syst emmydimeatbitthepREdRintiead and the secondary head have linearly
noved in the sane direction, in accordance with yet 15 another enbodi nent

of the pr esEigure GA-dnisiaonan-Fieyuefea Skageriuse ENIB sysiernt wherain the edgoef the

subaperture CVP syste il.lustratjng the |inear enent s the. primary
nead sPTER e ot e gper s e e el o pRRETsA T HER0IeG of ipe ol ||
anot hef, RpHaidEBRNth Kt ahSBePdBshetdY &Y prodent fmveiich. 7/A-1 is a plan-view of
a subaperture CMP system depicting the respective 20 positions of the

edifes of t hEigpre Gdv2yisirecrdssasedtionnd vewve ohdanbhapsgu GMPhsysisapdepicting thee
carrier, .in accordance. Wit h yet. anot her enbodi nent, of the presen

et Pioiions O e at o e brimiPouBd Gl fle seaercineg ol sooul R Rt PE e

SYSt eMyafet | b8ttt th Yot dMBthef bhBEdihRAt Gthé PRseR i/ERAén.Of the primary head and
t he secondary head, "according to still another enbodi ment of the present

i nventi on. Pigufé @A13ds 2 plad-view af pisebapeiteny GYIPayseapbertinrtbe oNmagykgadm
depicting.the |inear vepents of the edges af t.he .primary head and the
second hﬁé%‘ﬁ’“fi?‘@%e?ﬂgg‘éedj‘éeaf}?' I’P%Vé’d lm%ga”feo‘%fq?bo%’éﬁtatg?org%/m?ﬁ%l eI[’ler, in
aCPfPrdﬁﬂﬁ&r%ﬁd&%nt%ﬁ%%éseﬂ@%i@ﬁm of the present

Figure 6A-4 is cross-sectional view of a subaperture CMP system, illustrating the

linear movements of the primary head and the secondary head in the same direction,
according to still another embodiment of the present invention.

Figure 7A-1 is a plan-view of a subaperture CMP system, depicting the respective

20 positions of the edges of the primary head and the secondary head with respect to the
carrier, in accordance with yet another embodiment of the present invention.

Figure 7A-2 is a cross-sectional view of a subaperture CMP system, illustrating the
direction of the movement of the primary head and the secondary head, according to still
another embodiment of the present invention.

25 Figure 7A-3 is a plan-view of a subaperture CMP system, depicting the linear
movements of the edges of the primary head and the secondary head from the edge of the
wafer to the center of the wafer, in accordance with yet another embodiment of the present

invention.



i nvention. WO 02/16075 PCT/US01/ 22846 9 Figure 7A-4 is a cross-sectional

vi ew of a subaperture CVP system wherein the prinmary head and the
secondar ywaezthonmave |inearly noved in the sanme direction, Parwseid2sg to yet
anot her enbodi ment of the present invention. Figure 8A-1 is a plan-view of
a subaperture CVWP system wherein a support point 5 has been used to
support the wafer, in accordance with yet another enbodi nent of the
present invention. Figure 8A-2 is a cross-sectional view of a subaperture
CVP syst em Figoteeahidnis & pioss-grstpnal orevoiof rrrabapasivey EMR syfteronwherginc@er i er

Wi th respect to t primary .he accordin Q et _anpf he i nment of
the  prGLBY herd abg Fishes TR R Bl ihsh i R plebin BEREINET o' o
Syst eMg yet hiSthérdniddih & of theghleseMAvédton, of the support point as well as
the linear nmovenent of the primary edge fromthe center of the wafer to

t he edge of Figne $éxfleis a plan-sicwoeichasnbeperiure GNP system hwhereiripo8DPEFtPOST  t he

present invention. Figu 8A-4 i.s a cross-sectional.view of a s erture
sy@?se?ﬁenvwgg gf’ r*?uPﬁqé{ ﬁ’fSWﬁfFf ’rfﬁrafc?lrg%?eh‘é{]gﬁ |yle$I anqther %\A{?/oedc&m F Irltoé#nb e center
of thepwalRinvefiibe edge of the wafer, in accordance with still another

embodi ment of the present invention. Figure 9A-1 is a plan-view of a
subaper t ur eFighR 84 <X isra erosshieeiiongl aiesupba sebapeiture, CMRiwysteinn reviealingide of t he

primary head is |ocated .at the edge of the fer, accordi to.still

B0t hebostiioe Te oo PHB g BecRar ALh IO T e pd Feop Gl o

Cr 0SS- $& Ghb@BAL MmN BN of nSHERREIIvEAELCMP system utilizing a support
point, revealing the |l ocation of the edge of the prinmary head at the edge

of1G he waf Bigurea84e¥ i aglamviget ofam stbapertarebGNRreystenaf illupicatingetbe rfixed
i nvention,

s uppRiRiqLpEie Sungee iRt SEE e diertmOpRILY] BN ERY HORT Y moved
W £ ST e B o s 1
cr oss- thegrésenainvedition. of a subaperture CVP system utili Zi ng a support
ggiggt E)f depi l%itguPeg8;&46isr?\ér%rsrs‘%ggctigﬂaltvrfeew %rfiarrs%li)gper}t%%g CII\/TP ts{r]s?erg,i W grte-}noﬁleOf the
15  primary head has linearly moved from the center of the wafer to the edge of the wafer, in
accordance with still another embodiment of the present invention.
Figure 9A-1 is a plan-view of a subaperture CMP system utilizing a support point,
wherein the edge of the primary head is located at the edge of the wafer, according to still
another embodiment of the present invention.
20 Figure 9A-2 is a cross-sectional view of a subaperture CMP system utilizing a
support point, revealing the location of the edge of the primary head at the edge of the
wafer, according to yet another embodiment of the present invention.
Figure 9A-3 is a plan-view of a subaperture CMP system utilizing a support point,
wherein the edge of the primary head has linearly moved from the edge of the wafer to the
25  center of the wafer, in accordance with still another embodiment of the present invention.
Figure 9A-4 is a cross-sectional view of a subaperture CMP system utilizing a
support point, depicting the movement of the primary head in the direction of the edge of
the wafer to the center of the wafer, according to yet another embodiment of the present

invention.



the wafer to the center of the wafer, according to yet another enbodi nent
of the present invention. WO 02/16075 PCT/US01/ 22846 10 Figure 10A-1 is a
pl an- vi ew@b2/ss03uibaperture CVP systemutilizing a pluraliPgT/okol/2sport
points, in accordance with yet another enbodi nent of the present invention.
Figure 10A-2 is a cross-sectional view of a subaperture CVWP system
utilizing a plurality of support polints, wherein the edge of the primary
head is positioned at the center 5 of the wafer, in accordance with yet
anot her enbBiture A dfistanplapviesenf 2ispbapsttpsiCMP gystem widliving pplyalilyef- vi ew of

a subaperture. CMP system utilizing..a pLurali ints,

depi ct ?Pé’oﬁt?ém}%\’/ﬁ%ﬁco@%%ﬁb ygﬁ( arg)ﬁ}éer g%%?r‘%@f%%%@he Pf\éld%ﬁgﬁ%ﬁngg}é'ti on of the
center of tpguwRi@A-2R 4 BRsesasiondl ¥ibe ofd aubapatsercirosyseny atilidangtaher
enbodi ment of the present invention. 10 Figure 10A-4 is a cross-sectional

vi ew oplugalty bfpwpoupeintivivheyein e adep Iof therpginzary peagrigiposifionsd afibpesnterpoi nt s,

wherein.the edge of the pri.nary head has.noved fromthe center of the
harbr Do T peRee Al B QBRI S e RO e B bodi ent o
the presengidyy 80413082 plaaicty il AsdbdpertarePCRIP- k@M filiAng dhmelityuste CMP
systemutilizing nmultiple 15 support points positioned substantially
opposi seppottepdintsadepintingfthe Hacas dgevepfent htheririveary head tdthe diregdeopfithéce wi t h

t t h di t,of . th toi tion., Fi A-2 i
L oo G AR NP JhS Ee e e b g bt b bl bf .
suppor?reggit@ﬁv%ntiMer ein the edge of the primary head is positioned at the

edge of the wafer, in accordance with yet another enbodi nent of the
pri&ent i nvEiguroh0A20isF grose-sdctibpalaview of phahaperterey G¥Pasysigbnpilizinge CVP

t tilizi | tipl t Qo wherei n t d th i
buad nRUTHHSY St PPt PABS TR 1o B ph e PRSRRLRedd fasr BRFeC et T
accor dange 9 thé wakdrlth tl?é]&%éé‘i{f tﬁm@f@rﬁ&@&dﬁa{g foh@i PR ERA EmboBi@Mt bPthe Fi gure

11A-4 is a cross-sectional” view of a subaperture CWP systemutilizing 25
mul t i ppeesentppentiopoi nt's, depicting the novenent of the primary head in the

? ior sgt | 32 0'? égturr]% &Bégftﬁgﬁ 8 qugw\,\cl)aij g rsu{)gpetrtrdree %‘R&? s%tertnh%ti i21];1ge rmul?i(f’)f’eor ding

15  support points positioned substantially opposite the location of the edge of the primary
head, in accordance with yet another embodiment of the present invention.

Figure 11A-2 is a cross-sectional view of a subaperture CMP system utilizing
multiple support points, wherein the edge of the primary head is positioned at the edge of
the wafer, in accordance with yet another embodiment of the present invention.

20 Figure 11A-3 is a plan-view of a subaperture CMP system utilizing multiple
support points, wherein the edge of the primary head has moved from the edge of the wafer
to the center of the wafer, in accordance with still another embodiment of the present
invention.

Figure 11A-4 is a cross-sectional view of a subaperture CMP system utilizing

25  multiple support points, depicting the movement of the primary head in the direction of the
center of the wafer to the edge of the wafer, according to yet another embodiment of
present invention.

Figure 12 is a cross-sectional view of a non-gimbaled subaperture CMP system, in

accordance with still another embodiment of the present invention.

30



present invention. Figure 12 is a cross-sectional view of a non-ginbal ed
subaperture CMP system in accordance with still another enbodi nent of the
present iweerntdoeh. 30 WO 02/ 16075 PCT/ US01/ 22846 11 DETAPCEDSOESERI PTI ON
OF THE PREFERRED EMBODI MENTS An invention for a CVWP system which enabl es
precision controlled polishing of |ayer surfaces of a wafer, is disclosed.
The CWP system substantially elimnatles the 5 aforenentioned edge-effects,
pad rebound effects, and edge bumoff effects, while at the sane tine

ef fectively cETAISED DESGRIPIEFONIODTHEIREBERRED EMBODBMENESi ons of t he
wafer. In preferred enbodinents, the CVWP systeminplenents a wafer carrier

that is inplemented in subaperture polishing configurations. The

2 et e baper ture pol i shing cont o
norain tno Aoy SioRdeF RIME LR E A, BRER s hrodlobh e o piRBlp e T 01

cert ai myBPkifset Bftd FRfDLisSHBtIbS. t Tae AMP Sutehnesbstintiahg elidfigdtes the t he
foll ow ng description, nunmerous specific details are set forth in order to

pr o¥i defosemensioned rdgemeféacty, andirehgund cffpeis ndselge burnsefftatisats, whilvet thepe
oy be “Bpa bR sbte B0 e PP B8 sracd oty ERE P e

vel | kﬁ@?ﬁ%fd@fe@%ﬁ%d@r@&ﬁ@lﬂeﬁmm@m@mﬂﬁipléﬁ%& deser bhedr that iskhpligdeatdd i n
order not to unnecessarily obscure the present invention. Figure 2A-1 is a

pl an vireswhapersure polighéng cordigomionsy.sthemubamrturpelistaiedenndiguigtion is berein

enbodi nt of the . present jinvention.. The enbodi t,.of Fi e, 2A-1 jncludes
S0 Mol 4 CSBAERRR L PRk AP ES 86 TRt phy MUCpé Sratey’ 101 U°
2029 TBsh BrderinYpoitteRdiOBe binallte thNBE siifacasf e wghd. sh the wafer 202

utilizing any type of polishing pad 20 including, without |imtation,
Li near Pol i &ihéhe Tdlotming deseriptipiT,) nypaetonnspeacifie detailoaeer set ph ipaurderalicer i al s,

fixed abrasi d i al. | al , -any. pad i al that
enabl Bt raenanoreStife st e parEn IR Pa AR RISR, B i
subapegd reska indhe &t B tBE prdlSntSHwnBBh 209 bePridided @5thbhenkd bri dlyofi Nt o the

pol i shing operation by utilizing different or sane renoval rates on
di f f er éwese desgilory offer tistances wellflamowR@Roceshdpekaionh bavonatdigen desgib@m syst em

Wh(fg el réletteu ?n of tell' a8 ?Jlrlrilescgésglquhc?bes‘gurie %hei pr}eseht invention.

Figure 2A-1 is a plan view of a subaperture CMP system 200, in accordance with
one embodiment of the present invention. The embodiment of Figure 2A-1 includes a
primary head 208, which is configured to polish the surface of a wafer 202. The primary
head 208 is designed so as to polish the wafer 202 utilizing any type of polishing pad
20  including, without limitation, Linear Polisher Technology (LPT) pad materials, rotary CMP
pad materials, fixed abrasive pad materials, etc. In general, any pad material that enables

the desired polishing levels and precision can be used.
The subaperture configuration of the system 200 introduces flexibility into the
polishing operation by utilizing different or same removal rates on different regions of the
25  wafer 202. Unlike the conventional CMP system wherein the entire polishing head is in
contact with the entire surface of the wafer, in the subaperture CMP system 200, at any
given time, the size of the contact surface of the primary head 208 with the wafer 202 may
vary. More specifically, in the conventional CMP systems the polishing head applies force
on the entire surface of the wafer, thereby removing materials from the entire surface of

30 the wafer so as to create a substantially flat wafer. In contrast, in the subaperture CMP



contact with the entire surface of the wafer, in the subaperture CVP system
200, at any given time, the size of the contact surface of the primary
head 208 w ptiidgolhe waf er 202 may vary. More specifical |y, PCTYUBHIE22846
conventional CWMP systens the polishing head applies force on the entire
surface of the wafer, thereby renoving materials fromthe entire surface of
30 the wafer so as to create a subst®Bntially flat wafer. In contrast, in

t he subaperture CVP WO 02/ 16075 PCT/US01/ 22846 12 system 200, the primary
head 26Bteapp00,dbe pimery hmldﬂo&ﬁpsbfwef@r@dmﬂ)e@ splestest regions whtherwafep202,t her eby
renovi xcess .materials fr e s c ort| excl usi at a
parti CEJI% Y TEIQMNg GXopsR mafeL ﬂ?éﬁ?'ﬁ%ﬁeiﬂ?ql ES °&f ggvelﬁ’aarc% YC% & wher e
t he pagmpgeets the wafer), 5 the renoval rate al so changes based on the

Preston's Equation. According to the Preston's Equation, Renoval Rate =
KpPV, wher eSinhe theemfentontat sudiceratacthiangesi(s. ga Wh@m:thﬁmad ofeetsbaiaiarbe (P)

d_ Li Vel t t h t h t ff ; t ant
ot br nitaEmByAl e alniihiee® bethiBuRt PO P Hatehdt L AriPge o tdgeaBr e ve
mat eri ghyAfed REMBVAICRAR)= Kﬁw PHRGESBe tERBRI aatu ré& makdal Rea Pagisyrdrace,

among others. Thus, the snaller 10 the contact surface of the primary head
208 anﬂ)owmfnrmﬂ% rand (2pear Velapity Ve rwith Kprbsingvthe Plf@tcel Codfficignt, ¢ gpnsia

t ) b d t, th bi | t.h f, th
T ot ermineb 08 B9 epomia! amepssgs of thd, st Rt RS el B &'
al ong ghlgsiigethe ﬁr@&@gf ARYarlie, Liteth u@&&, arﬁa@@cheﬁsh%upqhé shing t he

L85
entire wafer 202 ‘until a substantlagv? flat surface is achieved. 15 In
thi® eﬂtewdnmalrmlrfaee oﬁﬂhelpamazy)ﬁeadsZO@caadttha)weﬁ&r Be?.ahe gmtepthenamyvaieaté 208 and

i's conlgur ge_the wafer, 202 ysing.a reta rin 204

Pr ef er 8bf¥f "}’Rg er 103G cmhodiment, é‘?"’?}’gﬂy% Cé’glrg]o ﬁ’a?i"n a®€o- pl aner

relati Pﬂﬁl é@lﬁt St&?er"éﬁé Rafer OD2UNJ EnablRg 6)Wﬁ§lﬁﬁg o?qgatér%l Q%ﬂgga B&ditedhed by

t he pr The retal ner ring is made of a hard material,

whi ch a@bgmphwsﬁ the tvafer 284 mthep tanglolistgng thefehtiregwafan202wgd i substgitially,  Si C) :

20 Preferably, the ca r| er 206 is oriented in a manner that the exposed

surfacgabﬁ‘lrftaPFe‘S\%lfléYe faces the primary head 208. During the polishing,
vvafer abefr BloW R Prindfy AbaoYRERT isf Ot ati on
vvh| le t eth%Srs?rﬁrlgéI{l/ ghl[r 3%2 lizgg?isteg?sg{r?eng&ltgoo?}ot atcﬁeri in"th ae opposllste

d| r ect texfiguseddiorengigeathe waqurrMarsmgi aomretaRfr ringr20dd drefemablyt, the wtaaiarmgrgi n t he

di rection
204 is defined so as to maintain a co-planer relationship with the wafer 202 while the wafer

-

202 is being polished by the primary head 208. The retainer ring 204 is made of a hard

material, which can withstand repeated polishing, buffing, and cleaning (i.e., SiC).

20  Preferably, the carrier 206 is oriented in a manner that the exposed surface of the wafer 202

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 move back and forth, in a small

25  magnitude, in the direction of oscillation 211 so as to create an oscillating movement.

Thus, while rotating, the primary head 208 oscillates in the oscillation direction 211,
thereby improving the polishing operation performed on the wafer 202.

In one exemplary implementation, the primary head 208 may be configured to be

about the same size as the carrier 206. However, in a different embodiment, preferably, the

30  primary head 208 may be designed so as to be about the same size as the wafer 202. Thus,



of preparation 207, the primary head 208 is configured to nove back and
forth, in a small 25 magnitude, in the direction of oscillation 211 so as
to creatavan2o®es | | ati ng novenent. Thus, while rotating, PCh@&S@wizesry head
208 oscillates in the oscillation direction 211, thereby inproving the
pol i shing operation perfornmed on the wafer 202. In one exenplary

i npl enentation, the primary head 2083may be configured to be about the
same size as the carrier 206. However, in a different enbodi ment,

pr ef er ibthg embpdimedts wherairthe biae af hogriveayy beadi2®f gude swiu02yage(igbout t he

same sjze as the r 20 Thus 02/.16Q75 UsS01/.22846 .. 13. i n the
enbodi MWE?@%?W@I@%@% oﬁrargﬁligpaﬂ'r E%rera"é3 erh%(?gr %éi%g%lar Y%g‘:l%%fet ©202 var y
(i.e., carkife20% taRby dhefskd2Bthab teNBuRi velocitldahe tchafer 406 matkds R02), the
angul ar velocity of the <carrier 206 can be changed so that the angul ar

vel oci angubdr veloeity aof thegrin@@phendi2dBes t he angul ar velocity of the primary

h 208. 5, | th nbodi t, th t C\VR t 20
el ude a SRR SRR TS b SREPeTER CMP gVt 4B Gr N PR head
208 anfe AV & okitRnedtd iheleft 8P the! plinkddy Reade208 R ®abovB e ERANIGY THeRE | S

configured to provide additional support to the wafer 202 while the wafer
202 i sedowipigy tho kécohdatythpad fsecopfigwmed yo pevide2aBlitianal sunpogribchié wefer 202n

ddi tion..t i dj ddi ti I X to t fer, th A head
212 caftiie teooes A S Bobe pofter 55 BE P ane par 2L T on AEPSOTRAL R ondar y
head 2]4ifig 1P BrdviciRl AAitioRRPbtpPortB0the | WafbAlthé ReddHaRy hémlr ¥118a( hE08,
rotates at an angul ar velocity in the direction of preparation 207. In yet

antd hedesggnod do fention sascobufifdri @rd clgatieead’h Seconslaryblecadodli2t iney bd fixedtdne ri ght
of the carrier 206 and bel.ow the imary head 208 so.as t.o condition the
or i ar PO AnS onar 18 thg prAR hegd PR THIAGsAY 0 RE D PG AR RS BREPY head
212, t idd ® ng head 210 rotates in the direction of preparation
207. Initrally, in the enbodi nent of Figure 2A-1, the edge of the primry
head 208 i sIn yhthnother @hbalipost & comlittainghéadR Idehanbs poditgonedrio ghe wghtt he

vl 8RR TS and s S0 R e LT o BRSSPSR o
oL S ot Wl 50y SonBieoh L A RcOTIO e 217
i s oscin thatlirengionrof pheparation 207.

Initially, in the embodiment of Figure 2A-1, the edge 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 head 208 is positioned at position Xo, thereby causing the edge of the secondary

20  head 212 to be located slightly to the left of xo. By positioning the secondary head 212
slightly to the left of xq, it is possible for the primary head 208, which is oscillating in the
direcﬁon 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 xo in view of
the slight oscillation.

25 Figure 2A-2 is a cross-sectional view of the embodiment of Figure 2A-1, which
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



direction 211, to polish the entire surface of the wafer 202. Accordingly,
the primary head 208 wll preferably contact the surface of the wafer 202
slightlywooth®7d eft of xo in view of the slight oscill aPCDUS0128846 gur e
2A-2 is a cross-sectional view of the enbodi ment of Figure 2A-1, which
illustrates the co-planer relationship of the retainer ring 204 and the
wafer 202. In a preferred enbodi nerid, a ginbal 216 is positioned
underneath the carrier 206 and is defined to align the carrier 206 to the

nmovi ngspirdlerd2y, whigh roeBsadn theedisevtian yf esder @iaiog Z0Pnglherextensing sprindlg,

buffin r cleani operations. T ey 216 i s nounted on an extendi ng
WO 02/%?§°I§?ﬁufrfﬁgg’ﬁp%§'8‘h%meﬁ°%t8Fﬁ%‘?"énfﬁg,ﬁ which rotates in the direction
of wafer rofatHepRhéWR in TREcRKSQRRhNEF BRurdDR-2 2thei fixed WdhiGONERE Keadappl y a
force F onto the carrier 206. Further shown in the enbodi mnent of Figure

2A- 2 i 3lGmeurtec el aconditivningispigdlecdl. The gonditioning spindla 226 isicanfigniedgospi ndl e

22 The,cqndi ti oni n pi ndl.e 226 .is figured.t 5 apply t force F
onth HPEBRderioh R TEsanaetme et 270 afhe G pos il Be FardfiahifRg “head
210 arge.aonbiaaiéadighdls beeuRed u? Al doWRlon2ihe RPintRE22ANINA dbRdiBdAingnd
conditioning spindle 226 so as to adjust the anbunt of force F to be

appl i espindie 236 soaasr ioeadj@d haantounioefdfar¢eoHi tndrehappdie@ 10 .thersamtiep 206 suid
initially,. the ed f the primary head 208 is positioned at the position
10 x0 %ﬂ?&lt}@lr&}?ﬂaﬁgﬁﬁed to linearly nmove at a novenent direction 214. Al so

shown is thgg dé;%@ﬂé&%ﬁiéll?%@ eddotBY bAhaly a8 308 igop&'aﬁdnea%tﬂth%léjogilﬁbhy to the
| eft of position xO0. In this enbodinent,” the secondary head 212 is
colf i gxy &l iscconéigeiedtip dimaarjy (foverat a mbveaent dimsotéoredi4. s tAdswlphwiwt is. thelowever ,

t he secondary. he 2.is.preferably rotatin | an he . direction. of

pr epar %FPI&E‘&Z/ B‘?a‘flggzé?"dﬁg &E fﬁg%p‘?%u‘é’eﬂlséﬁh{]ﬁ g‘bﬁ’ﬁﬁe& H’ttg PORH8H e tE11s Fi gure
2A- 1, Yhessd i hast: : position
x0 to a poa‘SHInF ?%Eﬁi%ég%ﬁyh h%%fizﬁgsﬁ?%ée&lf&ggége?%% et ﬁgué”v\ﬂé]}g‘%ﬁﬁ?)gp{i‘ hielhfr%venent
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CWP system 200" shown iS]Fi gure 2A-3. As shown, the secondary head 212 has
r emai nSEECEPR O BIFRARIOBEVT-y this enbodi ment, the polishing operation started

byi4 he edgepgiirel 316305 L FnYvil 3 the embodiment of Figure 2A-1, wherein the edge of

the primary head 208 has moved from the position x¢ to a position x;, which defines the
edge of the wafer in the movement direction 214. Figure 2A-4 is a cross-sectional view of
the subaperture CMP system 200’ shown in Figure 2A-3. As shown, the secondary head
212 has remained stationary.

20 In this embodiment, the polishing operation started by the edge of the primary head
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 xo) the

25 removal rates were higher. In contrast, on the occasions when the contact areas were larger
(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 materjals so that a flat

30 polished surface was achieved; however, if the desired profile were not flat, the primary



208 polishing the center of the wafer 202 first. Due to the subaperture
configuration of the system at any given tine, the size of the contact
areas (i w0 p2/1dmes areas of the wafer 202 being polished bpcThsoy2s4sary head
208) were different, and thus the renoval rates. At the instances when the
contact areas were snmall (i.e., the areas around the position xo) the 25
renoval rates were higher. In contra$t, on the occasions when the contact
areas were larger (i.e., the areas closer to the position x1) the renoval
rat es heade208oemsued tHosvpradile of ttherirgionsebeing pelished avhile eeragrong theo flesiigdler i al s
to be rermq\ée?rrggé)e ded on the profile of the wafer 202 in the areas being
pol i shEBCUES, é}?gle, if the profile of the wafer 202 were initially flat

in the areagnbeilntheRRbirs Qfour BEniatdriaR (/g Neafice Bfer RERKEY wRXeE essoveat eri al s
so that a flat 30 polished surface was achi eved; “however, if the desired
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202, the polishing operation was continued 5 by precision controlling the
edge 0208 heft phe pelishingafi tik08dgeook thii ater 202 ivothet ¢noln  therbbye lallowsingf et her
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of materials fromthe edge of the wafer 202. In addition to controlling the
r elfbv a¢mbatimeat alsdelimigeedahe ehge-effdcs rpadoghoundi effect] @neé wdge bwmrmft affees

elininated t dge-effect, pad reb f -edge.burn: of f. ef f ect
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waf er 202 and t retainer ring creates an arrangenent, wherein the
r et ai nerates ag @QdgsEP.OoWhereinhthe watfagner 2102 20Hi duppoitie thewahfer 200 2vhite thei ng
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| pr va?vgfer 202, as is common in prior art burn-off effect.
It must be noted that the subaperture CMP system 200’ performed an improved
polishing operation, thereby yielding a better polished wafer 202. Unlike the polishing
20  operations used in the conventional CMP systems, the primary head 208 performed the
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,
25  initially, the edge of the primary head 208 was located at the position xo, the center of the
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

30 the center of the wafer 202 thus creating a smaller contact area 230°. The implementation



pol i shing operation, thereby yielding a better polished wafer 202. Unli ke
the polishing 20 operations used in the conventional CMP systens, the
primary vead2/&08s perforned the polishing operation by rotBCT/§01/22846he
direction of preparation 207, and sinultaneously oscillating in the
oscillation direction 211. Figures 2B-1, 2B-2, and 2B-3 are illustrations
of the differences in size of the cdhtact areas at different instances of
time. In_one exenplary enbodi nent of Figure 2B-1 25 initially, the edge
of t heohFigwe Bredepictsghe gontac aree PO atdeglﬁ@d bejyieen am asqradigh 2328 rndranof t he
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234 and an arc radial 236. Subsequently, the edge of the primary head 208
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an arc radial 234", defined between the intersection of t i mary head
2080 angetforen agtesisipolishing opeiation 2Bt regions wbgantially 2o thw:c@gpﬂihegl y, as
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substantially close to the edge of waf er 202. Al though the novenent of

t he pr alsabg ftosathe208itios xdessxy iybidie positioy X§ oot position xo to xI, it should
b t & . k | | t he. art t t t be f
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the position xo, thereby causing t e of the secondary head 212 to be
| ocat edlighglyi tgrthe yeft of theeposition xof Inithisposhiodimentxwhile thet secondambbeidrad®: | whi | e

t he secondary, head 212 . . , . .
fotates ! the cf?rect%on of preparation 207, it is configured to linearly move in a movement

direction 222. As the secondary head 212 moves, the primary head, which is located at the
position xg, linearly moves in the opposite direction, the movement direction 214, while

20  oscillating in the direction of oscillation 211. In one preferred embodiment, the secondary
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.

25 Figures 3A-3 and 3A-4 depict a subaperture CMP system 200a’, wherein the edge
of 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 x¢ 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

30 208 and the secondary head 212 to continue polishing the wafer 202 to its very edge



rotates in the direction of preparation 207, it is configured to linearly
nove in a novenent direction 222. As the secondary head 212 noves, the
primary ead/1esich is |ocated at the position xo, |ineaPCyURDVES46i N t he
opposite direction, the novenent direction 214, while 20 oscillating in the
direction of oscillation 211. In one preferred enbodi nent, the secondary
head 212 and the prinmary head 208 nmay7 be configured to both nove at about
the sane I|inear velocity. However, in alternative enbodi nents, the |inear
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edge efe wirer 202 ©d8hd/ediead 208 has noved fromthe position xo to the
position x1 while the edge of the secondary head 212 has noved fromthe

posi ti on xo The embpdisient enFigues 4dh! and 412 depist a sehepedyie @VPshigemz08p, 202 in
t he. nbvenent directi 222. he .su t. provide t he.co- pl er .
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of f t hetapdppent)f whikeeit wagferabbotatgsciochel divegtipn of psepaudiiope?G7urla Yeheneihern em

200a' permtte reci si,on.pol i,shi ng, of the edge of the. wafer 202 .b

ol | shoLiens e Sproh 1o LY o585 tes P AT e G oprte i LA RERE RSP i gur es
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the secondary head 212 is positioned at the position x0. In this

enbddi maiir, 202 e theauoredzeny ditestidn 212. iAs ddpistegnie thetemnbinlihented HiguresrtA-3| i near

t t dpoj nt).,, whil it | t at i th i ti f
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pri mary head is positioned at the position x1, the edge of the 10 wafer
202 i nsydtem 200 netetjeds necdat deal f flexibdity bpalowingitne pieeisewhpdishigtof 8fe Fi gur es

e podhes Sring 1l s R POITHTEE SN 6 P e SR PYE Pt s
o o T e B B e hing of the edge of the
waf er 202 pii the embodivhér lof BiguirdseS Aod rand 5Ac2 thehmimay diead 208 istpdsisiosed ati nat i ng
the the position x1, the edge of the wafer 202 in the movement direction 214, while the edge of
the secondary head 212 is located at x.;, the edge of the wafer 202 in the movement
direction 222. Both the primary head 208 and the secondary head 212 are configured to
20  rotate in the direction of preparation 207. Besides rotating, the primary head 208 is defined
to linearly move in the movement direction 214 at about the same liniear 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
25  additionally function as a buffer or a cleaner.
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 xo, the center of the wafer 202. Concurrently, the

30  secondary head 212 has linearly moved from the position x ; to the position Xo. As such, the



15 af orementi oned edge burn-off effect and/or the pad rebound effect. In
t he enbodi nent of Figures 5A-1 and 5A-2 the primary head 208 is positioned
at the pognviem x1, the edge of the wafer 202 in the novPaeRUSoIdi284Ct i ON
214, while the edge of the secondary head 212 is located at x_1, the edge
of the wafer 202 in the novenent direction 222. Both the primary head 208
and the secondary head 212 are confilfured to 20 rotate in the direction of

preparation 207. Besides rotating, the primary head 208 is defined to
| i near 2)0¢pyetemncartielntheepalishingi ofet proigulany targetgd gagion d themprfagenefathe
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nove in the direction of “movenent 214. As shown, the edge of the primry
head 208 i sFignost 64-Btand A-Horatdsent the dnthslimentsoh digune 6Aed gfellowinghthe
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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 center
20  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 drawbacks
25  associated with the prior art.
In the subaperture CMP system of 200e, 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 designed

30 to linearly move in the movement direction 222 while it rotates. Similarly, the primary head



Fi gures 6A-3 and 6A-4 represent the enbodi nent of Figure 6A-1 follow ng the
primary head 208 |inear novenent fromthe position xo to the position xi.

Al so shownony1de 15 concurrent novenent of the secondar pChesa/284 from
the position xo to x1. It nust be noted that while noving fromthe position
X0 to the position x1, the linear velocity of the primary head 208 may be
about the sane as the linear velociti® of the secondary head 212.
Accordingly, in specific situations, the subaperture CMP system 200d" has

t he cap@bid definedfto linshily mayg at the Wrear direasfont g while rotadme fn the tpreparsioaby

i f terials . f t t .20 f 2 i t
" enovi Ageap G fall B lbdthanohe Btesticn SEBhsHoR 20]- ThE R 15 20 et pe
CVP sy s4Rfi4rp hBgl 2 Bark 8sishtdl t8 @fovefat A BEmY@ASIE 1:30% velbctyder to renove
surface materials along a desired topography of the wafer 202.

Fur t her nor e Figoyes| &&3i ang ‘t4ed depic theiempoduhent lof Fegige 76¢1 after thepamapolreado t he

end, t subapert ur stem 200d'. can exercise a reater. cont over
Ehas r el B0 SROUIAY Bedd B1 B utat nty SR s e s mode Pttt 2%
associ gf £doMphfbleendar iv@focf%‘i.t Asl dholvR€ tRURRB It tHE Pritliey hYal 208 Ris RRQely as
shown in Figures 7A-1 and -2, the edge of the primary head 208 is

| ocat ethoxtd fioe thegiosition xitp thdposétitmexoWhilethevalze of 2g2seicondang headoi@nast

directipn 214 thus causing the edge.of the.seco d, 212 to.be

D051 ¢ 1 GRBAROVER TN i B Rt IGe B e FLRTRB A d AL h Yoo SR et
the secandafivre "GP Shtend, SwitesihaRRENPOhb @dbé REARd WalRVR2I 1§ JoliShdMOWRAGER
direction 222 while’it rotates. Simlarly, the primry head WO 02/ 16075
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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
20  equal 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.
25  The support 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



art. Figure 8A-1 is a plan view of a subaperture CVP system 200f in
accordance with one enbodi nent of the present invention. The primary head
208 of twWeorndedli nent is defined to rotate in the preparpar/iuser/xts46ect i on
207 while oscillating in the oscillation 15 direction 211. In one

enbodi nment, the subaperture CMP system 200f is designed to preferably

i nclude a support point 220 rather t#an the secondary head 212. The support
point 220 is configured to support the retainer ring 204 while the wafer
202 | sgtnetaiga pesrimmablediproetse a8 tp pampensagdhe opmeng genesatedrbp dherptparyt he
suppor At 220 s positioned at a position symetrically opposite to
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i ni ti ahéad 208heAedgesulifoftthe sypportepoint P2AdupP@Eng thepwalet 2@hexhiket the Meaferosi ti on
' gur o203 bing el Pe ofitey Tt Rl bghe o CE Ve B 200, ier ei n
t hes edgge @6 pblih ﬂfﬁ' WEeY 2028litd Q@rry;@%e RvRRL FAP tHehBoRQfthink@BsstBiated t he

position x1. As shown, the prima ead 208 started polishing the
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

20  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 x;, 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

25 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.

30 In this embodiment, the edge of the primary head 208 is positioned at the position Xo, while



10 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
supportedavohziesad er 202 by inparting a force on the retaP@BUSI/NE§204 SO
as to conpensate for the nonent 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 prinmar3dl head 208, the subaperture CVMP system
200f" was 15 able to polish the wafer 202 to its very edge w t hout facing
t he shibetsupparhpeintssZcarapesitionddiin epposite pesitienston thy rethimer s d0fe dheof

Fi A:1 and 9A-2 i.nt 220 | jes f i
i g 20W PR S R PP fhe Bt e PAE B tere 30 5% 8 282 PV ehed by
the pgéﬂé?dtméfaqa&n&%mﬂparabtéitﬁt}ﬁmapdiermmar{hmmge of the primary head 208

is positioned at 20 the position xI while the support point 220 is
posi tioned Fhe henpfitsrof niilizing ynuwipple siupgorp points 2%hbedemer exidant @articulagly204. As

h int nbodi t,.of. Fi [ 9A- 3 9A- 4 i h 208 h
movbd 1o e FHUGHNE Q0P dt PP Bt s BBt 2DBn TR R maiet of t e
vaf er BQdrestiDALY End PEA LY dzégié:glﬁsuﬁa@&tﬁ&@m s9étetnPOOMR Wkrein tHeedgs Bpﬂfeggzt he

subaperture CMP system to polish the very edge of the wafer
Wi t houprimanyf hendt 20fg haheoyed! fro2s theepositich &b ftedhe aositienige. bis showvh, thef ect

iated with i t. |, di t . of b t CWVP
2yot entiB0r bt 2dP sRpeledrthe spBet B SR A0 TBEeha b u R B e s
depi ct @gmglg Hel@ 268 R A eRhSthepokilion kE o thePoditiaNd;, tHOALEE of tMOwafePROZ.t poi Nt s

220 ha en used to apply force on the retainer ring 204 while the
r eti n€he co-ptpn20etldtionstp ofi thewafaier 2i0g 284 with the vimden2P2pinl dosjvadtidry withe

primary head 208. .30 ] n this enbodi . the ed of the. primr ead 208
<! posthe Sert atovidka! b e 1ORSH GORA IR WS SUTLED T8 ITRUBIEAIZDRES 21 ( he
suppor ol&ﬂ'tﬁ@ Wafef Q0RESHB IS édg@%h,eﬁ‘tfﬁﬂilﬂg%ﬁttﬁe 9@g°é6f'tﬁ’é1§/afé929ﬂe retainer
ring 204. The nultiple support points 220 support the retainer ring 204

and, ther eb¥igures MaAf-Ean@ 0PARydepipt nesnbapertgreaCMbPsystencioraseordhae with yé¢tat of

the primary head 208. The benefits of utili.zin | tipl.e support points 220
beconeawli‘ede‘?ﬁlg%m@‘bﬁ 4§ ypresgnt, Hyantion: p'l:}flﬁwfr“a’oﬁugﬁﬂ‘tz:é%o ilg'% PEhifng t he

Ay S L
moved fheowafeche@Opomi theowafieo 202 i Heingopolished byltheAsrirmiwywmsadt PR8. 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
20 from the position x; to the position xo. The multiple support points 220 enabled the
primary head 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
25  retainer ring 204, which holds the wafer 202. The support point 220 applies force on the
retainer 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



support points 220 supported the retainer ring 204 and, thereby the wafer
202 while the primary head 208 noved fromthe position xo to the position
x1l, the eadgezof7i he wafer 202. 10 The co-pl aner rel ati onshCpUSI/L2B4S
retainer ring 204 with the wafer 202 in conjunction with the support
provi ded by the support points 220 have all owed the polishing head 208 to
polish the wafer 202 to the very edg® without falling off the edge of the
waf er 202. Figures 11A-1 and 11A-2 depict a subaperture CVMP systemin
accor dah&ucepn fthe earrierabrsd 1296 sorsdai preyent §nproper Fyeleskeenntach wé e pmarghi s

enbodi | so ,npl ene a 15 plurality of support points 220, which
apply H%{r]dtzzé(% R@H’S%@%?@ér ring 204 while it holds the wafer 202 as the

waf er 202 i & shehldbeRppicsiard that thdreftint MReNtidERdy BOBnplemehidti $n a aiapel ment ,
the edge of the prinmary head 208 is positioned at the position xi, while

the oo 8§ il imckidppoystempdp manitpp thegfinishing tyetthinknessfegi. tsaclp 8 Y eesoton t he

retainer _rin 4. .As shown.ln.the enhodiment qf Fiqures . 11A-3 and 11A-4,
tnes pr PR VR gine, SRRSOt SHRERA TRotrd . HOBE SRREE RN on o
The nubtdfik. e HOWRP&! §udﬁ%6ﬁiﬁ)ri%§(&%ﬁ8ﬁa@ et hdtebee KhdWr ¥h heathorEiehBomddar t
polishing at the very edge of the wafer 202 wi thout creating any pad

r ebounHigukdse durtbernadeelthongh infthe exdneplary abbypumentioned epibodimentsin-vferval
exenpl enhodi pent _of th resent invention. .As shown, the carrier 206
s s t oo and e piher eoonsiRgVes LB ARl B pugRy HRRISTL BRY B ner
ring 2@fpleidhed ihal MsndeP 8o Rk e waRr 20D8s HARE in RO} AtinkiR0 (BRPpitdSorf Or ce on
the retalner ring 204 while the prinmary head 208 polishes the wafer 202.
Thi® ol drestly.ahe preseprisfentiablmpay be ¢uplemwntef souhatl dllzaxis arptihs,afopaesmar y
head 2 8w whi.ch can adLust tol?tﬂ@acarri er ad 206 as the primary head 208
i's bei HgVaPORSEreSHPHAECIER e Y dTOSHE™ S eci fical Iy, the primary head
208 i s conf iAGipoRsh e fBreBRRE inkeARbh HasttRh ABIckiBE®inPdi det MO} HuRIddPof

PCT/ US01/ 22846 22 of force on the carrier head 206 so as to prevent

i mpr opelarignofl wulerstamddingt itofillthesppaientihyt cerainctrogesvindimeodiéicaizons inagy 206, | t

shoul d be appreciated that _the present. invention ma e inplenented in a
manner Praghe Wftgmi &'@Iﬁﬁﬁ%e gf gﬂ?s"t‘lg’ﬁ{@%{] % or ot H@taflf%itgﬁieﬁgg)qdﬁﬁ}eé}ts i ckness
(e19., a?ﬁlﬁjabfésto%ﬂ sNeraR! such d¥05BrdeBYRIdRd Hiskﬂ%eﬁﬁifoﬁ[ﬂuo%ﬁﬂﬁfe@sd(e%(?ﬂ Z(E)hhed) ,

mat er i renoval rate, and/or finishing |ayer profile. However, suc

nmoni t ommgvafyst 806G nimaweafent elodeand hoywothen tyfeeokbubstrateateqiioing polishing,
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

20  equivalents of the appended claims.

What is claimed is:



Figures. Furthernore, although in the exenplary above-nentioned enbodi nents
the wafer 202 and the other conponents were oriented horizontally, the
present we@enidoeh nay be inplenented in a manner so that pehesewe2es 202 i s
oriented in any attitude (i.e., pitch or 10 roll). Lastly, the present
invention may be inplenented so that all axis notions, forces, flows, and
process paraneters may be fully prog?ammabl e. Although the foregoing

i nvention has been described in sone detail for purposes of «clarity of
understanding, it will be apparent €bamMgertai n changes and nodifications
may be practiced within the scope of the appended clains. For instance,
the enbodi nents are 15 applicable to any substrate, such as, storage nedia

di sks, sem ¢ondugt gr fer €..G. 1 7 \ mm wafers, etc.),
and any ot her ty%gﬁgfﬁ@ﬂggiP%pgﬁpggﬁﬁgéSg pgﬁﬁgﬁﬁﬁaéggﬁ narization,

buf fing, or 1@hfRFhslhd 8bdesuRfePaES bebnORIG, iHensp sACaebéinddoxfiglbe tor esent
enbodi nents are to be considered as illustrative and not restrictive, and

t heSi nhelstandmotate a wefer havinga pnept maretformaddayiss to Yesprgpareds andr ei n, but nay be

nodified within the scag and 20.equi yalents.of the a nd clal ns., What
1 el & med PoeRERGY TNy Lt POREIL K 68 b Abnfe GRRR"Rar AL, The
mechanipfsparafeh ihest BerRips e BabiCVBdtiof TR Surfide off théiwafe rthitay il6g thart &P
surface and a bottomregion, the top surface being configured to 5 hold

and r oeniite partigafdtheswrfagg obithgrveaferr nore formed | ayers to be prepared; and a
preparation head being configured to be applied to the wafer, such that the
preparation head overlaps at |least a portion of the surface of the wafer

thay is |ess than aRemRAl ih&hR@ELl Plishingt Brtenir(AER) @b debieedVaf @llaimlQ, 2. A
chem cal mechani cal polishing systenl(CﬁP) as recited in claiml, wherein
t he camthierain the cawief isquonéiguted to patatt én the wafier rakafien diredtiomi on direction. 3. A
chem cal nechani cal polishing system (CWP) as recited in claim?2, wherein
the preparation head is designed to rotate in the direction of preparation,

the 15 direction @heRicGP3h&hhMBalopbiHinE0BYsted €MPP abereditd@tiRtdliam 2,
direction opposite to the wafer rotation direction.

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 3,
wherein the preparation head is configured to oscillate at a programmable rate, the oscillating
20 configured to occur as the preparation head is moved between a center of the wafer and an

edge of the wafer.

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

the wafer.

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

comprising:



4. A chem cal mechanical polishing system (CW) as recited in claim3,
wherein the preparation head is configured to oscillate at a programmbl e
rate, theaveswidorating 20 configured to occur as the preprebUS@R2BHad i s
noved between a center of the wafer and an edge of the wafer. 5. A

chem cal nechanical polishing system (CWP) as recited in claim4, wherein
the preparation head is designed to #inearly nove in a direction of the
center of the 25 wafer to the edge of the wafer as well as a direction of
the edge of atgimbelabeingt sscited twefhcebottdm repionyeff dhe carien Bregimbsl bsghani cal

pol i shing. system as. reciited in.claim.l fur [ .:C i sing: WO

02/ 160@5&%%[%@@5‘5%%8”’%‘” 11%%311165& rﬁ%elglgg Ltjl?eeéféfagatg%ne 8’( tom regi on of
the carrier, the ginbal being configured to adjust the carrier while the
carrier is receiving the preparation head. 7. A chem cal nechani cal

pol i shi ng sYst emA(cbrmjcad snechariicad golishing syisien (CYIR) eneecitedincdatpr 1 sfurher a
retainer ring being engaged on the top surface of the carrier, the retainer
ri n% bg?rﬂﬁnsng%nfi gured to hold the wafer. 8. A chemnical nechanical

pol i shing sy Deias eh@izbd 8f thdtop lsaitabelof tha!EArHer, thelRtERARo et a
condi tioni ng head bei ng positioned beside the carrier, the conditioning

head hewifigyreddo bokldhe waférng surface that is substantially planar with a top
surface of the wafer and is designed to deliver or receive the preparation
head as the preparation head is caused to be nopved onto the top surface of

the wafer og ont@ dHagicHnstichihed gamﬁ systedn @Ldﬁ%ﬁ@&!&ité@iﬂ AR & ueBbr
polishing system (CWP) as recited in claim8, erein the conditioning
hed@ i sompmdinggured to rotate in the direction of preparation. 10. A

chem cal nechanj.cal. | i shi.ng syste as recited i.n claim further
conpri si ng: 2507 tl%ﬁgg??dslﬁfé’i‘gﬁo t&ﬁ%&%ﬁ\%aﬁ%’ tbﬁlc?’im’%ﬁ?m{l%he%dbwg}gt bei ng
conf i gyr@dditignidE ARAESe that i RuSnkiale phat REhVRKSY surface of the wafer and 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.
15 9. A chemical mechanical polishing system (CMP) as recited in claim 8,

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

10. A chemical mechanical polishing system (CMP) as recited in claim 1, further
comprising:
20 a support being located above the carrier, the support being configured to support a

top surface of the wafer.

11. A chemical mechanical polishing system (CMP) as recited in claim 10,
wherein the support can be one of a secondary head and at least one support point.
25
12. A chemical mechanical polishing system (CMP) as recited in claim 11,
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.



11. A chem cal nechani cal polishing system (CMP) as recited in claim 10,
wherein the support can be one of a secondary head and at | east one support
poi nt. 2%aB2i1@7them cal nechani cal polishing system ( CMPPCHESOIER2846ed i N
claim1l, 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
waf er. WO 02/ 16075 PCT/ US01/ 22846 28 13. A chem cal nechanical polishing
system (CWP) as recited in claim12, wherein the secondary head is

confi gured 1b rofackemigal mechnninghpatishing dystewt (GHP) Jaa.remte%ermcéaam 12,

Ceconaugeini o RL A T G Rlnhf i B PrelOhddonon between about

the center of the wafer and the edge of the wafer as well as the direction
bet ween about the edge of the wafer and the center of the wafer. 15. A
cheni cal mebthani darhgmicals hieglapnioak pekshig/myster (WP g depited an elaim 13,10

wherein the secondary head is configuyred.to be.one.of .a ort buf f er
and o USRS STemoats ieartis caniilies A ogry BovE i A TSGR PERE oM eci ¢ e
in cl aidiel b theMPSfel il hBRASINAE tyaRRi28 twellSas AR Hir&hitio hefveARBbY thoEEg On the
retainer ring so as to support the wafer. 15 17. A chem cal nechani cal

pol i shofithe swpérand (le\denter obthoriadérng: a carrier being designed to hold and
rotate a substrate at a fixed | ocation, the substrate having a surface to
be prepared; a prinmary head being configured to linearly nove over the

fixed |ocatipn ofy th&nicA0meRialdaNPohiging QFstbR AMAPPTasaretitdd in FILRC I ON

begi nning at about a center of thé surfacé of the "substrate to about an
edie ofhtrhin thesdcamndanytheadhis configirecatocbeanme od asopport] adiuffecanidomclpangi.nni ng at
about the edge of the surface of the substrate to about the center of the
surface of the substrate, the primary head being applied to the substrate,

such that tfe pri W@ﬁéfmfaaaﬂlec&\ﬁﬁrﬁi 3R 8sihg Is%;e‘ﬁlt ﬁ%mztds%cﬁéd thelany fiace of

the substrate, the portion of the surface o 5 substrate being | ess

t han awhemini the syyport pointdf cotfesusadrtd apply déree loe tisudstiineariog so as to support the
wafer.
15
17. A chemical mechanical polishing system (CMP), comprising:
a carrier being designed to hold and rotate a substrate at a fixed location, the
substrate having a surface to be prepared;
a primary head being configured to linearly move over the fixed location of the
20 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 substrate to about the center of the surface of the
substrate, the primary head being applied to the substrate, such that the primary head
overlaps at least a portion of the surface of the substrate, the portion of the surface of the

25  substrate being less than an entire portion of the surface of the substrate.

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

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



18. A chem cal nechanical polishing system (CW) as recited in claim17,
wherein the carrier is designed to rotate in a wafer rotation direction. WO
02/ 16075 WRe02/1480L/ 22846 26 19. A chemi cal nechani cal pol pehURQ/RSE em
(CWP) as recited in claim 18, wherein the primary head is configured to
rotate in a direction of preparation, the direction of preparation being
defined as a rotation direction oppo¥ite to the wafer rotation direction. 5
20. A chemical nechanical polishing system (CVMP) as recited in claim 19,
wherei n t hel®ri mar yhemigal mechasical gotishing systsi (CMiPe as2recitad dmetainnll8,

mechanj cal . pol i shing system (CMP).. conprisjng. a carrier haviy to

Sur f acBesis e BERERISs SVTIteiRa tp sl Pl P ResiAl g et fon 6 ol o
and rop@bﬁaaoﬂvséiﬁ% dERYddNE adoRN6n BirediiBh ®ph8difeRe theay SesrotRioAQliRE@RAr ed; a
preparation head being configured to be applied to the wafer, such that the

preparati on head overlaps at |east a portion of the surface of the wafer
th is less,tha entir ortion aof the sur of the, wafer.; d a
cori ti oni ngo'heag g@?‘ﬂ]ﬁ&p&sﬁ%&‘?&:d’o shing SyptR &éﬁ?ﬁeﬁs, regiied c%ﬁ%fl{nl 221 ng
head h@uéReh thd PrithasPReHdtit BEHErcAIUb baGRatkhat 1s substantially planar with a
top surface of "'the wafer and 1s designed to deliver or receive the

preparation head as the preparation head is caused to be noved onto the
top surface,pf the wafer or, onto the. conditioqi head.. 22. A chemi cal
mechani cal Bl i s%"‘r]?ﬁmé FE’W%@E’?OIEEII%QF?EWF%‘W%&% 20 wherein the
carrier is gonliAhiesk b &y AfatEardh BRRmRERN, fR!a) hitucdibeRsichRMeudd e t he
preparation head is designed to rotate in the direction of preparation,

t ht0 di haldtandrotete aprapahaingmoiesirmgore famfaddayessitothe fyepased; ot at i on di recti on
opposite to the waf er)hregé%tj on direction

23. ..A chem cal . mechanj cal
pol i shing s§ SAERATENP Fi8gi ‘foélgg}nﬁdc'@oap?n applied 38 tg'ﬁ_r‘f’#@‘f’ beas) ﬁ.'hiag ihey: a
gi mbal B&g%‘agoﬁﬁew GébriaBs biRaftOf fGHIbLA B9 RN sRack R thAateR that il fesOiiHhAn bei ng
confi gur to adjust the carrier while the carrier is receiving the
pr epar aitire pottiwadf the surface of the wafer; and
a conditioning head being positioned beside the carrier, the conditioning head having
15  a conditioning surface that is substantially planar with a top surface of the wafer and 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.

22. A chemical mechanical polishing system (CMP) as recited in claim 21,
20  wherein the carrier is configured to rotate in the wafer rotation direction, and the 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.

23. A chemical mechanical polishing system (CMP) as recited in claim 21,
25  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.



