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mechani cal polishing (CWP) systenms anl techniques for inproving the
performance of CMP operations. 2. Description of the Related Art 10 In the
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materials, such as silicon dioxide. As nore netallization |evels and
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mechani cgl ,pol. shin rocess 10, consisting of a CMP system 14, a
waf er cI2aﬂgﬁf§‘?§%?gmg%}2t§‘gérgost-CIVP processing 18. After a
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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 becomes substantially more difficult due to the higher variétions in the surface
20 topography. In other applications, metallization line patterns are formed in the dielectric

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

Figure 1A shows a schematic diagram of a chemical mechanical polishing (CMP)
prbcess 10, consisting of a CMP system 14, a wafer cleaning system 16, and post-CMP
processing 18. After a semiconductor wafer 12 undergoes a CMP operation in the CMP

25  system 14, the semiconductor wafer 12 is cleaned in a wafer cleaning system 16. The
semiconductor wafer 12 then proceeds to post-CMP processing 18, where the wafer may
undergo one of several different fabrication operations, including additional deposition of

layers, sputtering, photolithography, and associated etching.

A CMP system 14 typically includes system components for handling and polishing

30 the surface of the wafer 12. Such components can be, for example, an orbital or rotational



polishing pad, or a linear belt polishing pad. The pad itself is typically
made of a ol yurethane naterial. In operation, the belt pad ut in
moti on andYPAKWSY siurry material is applied and spread"‘gm#“”{zﬁ 6surface
of the belt pad Once the belt pad hafing slurry on it is noving at a
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Coefficiengg. a constant determ ned by t he chem cal conposition of the
slurry, the process tenperature, and the pad surface. Therefore, one way

to incpease t haviliiD Urteaking fece@ity b nivdti-ddyete cbxhﬁem%ﬁuregabﬁbﬁedtomarger
polishing pad with increased anounts of pressure downf orce).

However, wiaisr sphstratoyy mere @pcurle Mmeaturepent gng ﬁ%‘“’ﬁ’aﬂg et Wxﬁ@%@? {serenwirede, t he
waf er can gidh bRlvideR byf@heattéaﬁaogy ! Thebfoai be sﬂ,c&s@ shéifid BE td b RmfR" er

whi ch could cause thé wafer to break, and excessive force can cause
non- uni f or therremexgh rate andsuniformitydAs is well keown, e remoyel gate cani be déteriningd Hyy

tall f d ' d
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Wi th the apgpkéseadmperaturefandtiecpafe@faeelr €. The linmting factors for achieving
increased |inear velocity include carrier size and mass, the |arger

physi cal SI ze Therefoge, ohPwa sdmaaeasedhmhmmtrﬁte@mebe foodpp @Kﬂmafér agdinst ¢HEe
belt-type CNP, systens_can uite large, thus requiring_nore torque and

power to RYisBIngRedFefh ‘“"'(98??9 REI9f, P’?SPW@aF -8y APWBIOTSE).| KlopsMere when e VP
syst e capafet iPpliéd {0 GE PAA Withi RESEFS Riffee, the wafer can suffer in that stress will be

transferred to the brittle wafer which could cause the wafer to break, and excessive force can
cause non-uniform removal rates. In addition, a high downforce is limited by stall friction
produced by high pressure on the surface of the wafer, and by motor torque. Further, it has
been shown that increasing downforce can actually decrease both local and global

25 uniformity.

Another way to increase removal rates and uniformity is to increase the velocity of the
polishing pad. The increase in velocity can also be done in conjunction with the application
of more pressure. The limiting factors for achieving increased linear velocity include carrier
size and mass, the larger physical size of the CMP system and motor torque. For example,

30  some belt-type CMP systems can be quite large, thus requiring more torque and power to
move the belt. Consequently, linear velocity in conventional CMP systems cannot be

efficiently increased.



WO 01/ 19567 PCT/ US00122786 3 If linear velocity were. sonehow i ncreased, a
hydr opl ani ng effect could start to occur between the surface of the. wafer

and the po 187 pad. Hydropl aning is believed to occur PCHUIMRE786 1o . !
i ncreased |inear velocity of the waferd and the fact -that a film of

chemcals (e.g., slurry) cover the polishing pad surface. 5 To illustrate
anot her problemw th conventional CVP systens, reference wi]J]l now be nade .
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perfornmed on the netal. | ayer 104 th al, and barrier,
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Fi gur elQLC, appbingth¢ meteklaxasdQh adhin barris prdiner layer (“thg?w}gs deppsited o¥ef thee r
pl anar i zed. s § 368 ol iPRINS m%@ﬁa}@&%h%@@ih&&ﬁﬂﬁﬁk I t}fﬁhﬁﬁn nltRa& dfid @B like are

t echnol ogy Sy stem; the entire surface of the wafer is always in

cont act wiuashd ﬁunmqmmesh&hnbt}le mietal e Oriisapphied Qvet)?he 02@3 ﬂﬁé[ér HRRgomplsicly .
Because 0
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process ed paaﬁnhédaordhé fnetaklayer IDaynemmow the exnssrsnetal, ﬁdéaamﬁ,taad smeothkhel ayer 104

is renpved af a r at n h th xi d Owce
the mobhi madpere e e o wathe st fO2K G B le ufRe e,

i nes 104, me&%ﬂﬂﬂﬁdudﬁl@aye&MngmdmmmmqugMW tHeloziddilajer HIP et hnen the
metal lines at 25 108. Continued processing, however, is necessary to

renove the bar rAsyholva i FighiecIC, deformities! Rnownldze “mmé’smdkmmgaeccur on the

"over-polishing" is often ne g d conpensate for variations.|

t hi ckness, DPiapgrized ustace gt PR}%‘F? gF’?‘@ﬁ) Ftév§ em icHrrent 155 b??}ﬂgyoéw PFPYed

thi NNi g Ofynd BiirdsEkAR ofithd wa‘e:nahmiyain d@ﬁta&tﬁﬂma pohéhetl By RJ polisinybelt 6t shi ng

and erosion 106 can have a negative nBact on_thé perfaormance of a |
&dn !

fini shad i rpademdsiury. Because of the Biffereneesdn hardpgss Alheatids, the barrier, and the metal

layers, rate of removal changes significantly as the layers are processed and the different

r

layers are exposed. T_h_e softer metal layer 104 is removed at a higher rate- than both the
harder barrier and oxidé. Onée the metai layer is removed m the oxide regions 106 between
the metal lines 104, coﬁtinued processing can result in the djshin_g shown in the metal lines at
25 108. Continued prooeséing, however, is necessary to rembvé the barrier layer over the oxide.
The process known as "over-polishing" is often needed to compensate for variations in
thickness, but too muc_:h' over-polish can result in erosion or localized thinning of the oxide
illustrated at points 106. As is Well known, dishing and _el_'qsion 106 can have a negativc

impact on the perfonnanée ofa ﬁnished integrated circuit fabricated from the wafer

30 In view of the foregomg, there is a need for CMP systems that efficiently allow
increases in linear veloc:ty and also allow increased amounts of force to be applied against

the wafer without the disadvantages of the prior art. The mcreasgs in linear velocity and

BN i



30 I'n view of the foregoi ng, there s a need for CWP systens that
efficiently allow increases in linear velocity and al so all ow i ncreased
amount s of WP8YWE6% 0 be applied against the wafer w t houectrbsnodi@meadvant ages
of the prior art. The increases in liqear velocity and R ~ WD 01/ 19567
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agai nst t f& F@Ptsé'fﬁhf'aﬁeéemfm’éml‘%’l“!“'e‘iles‘aTboeﬂbﬁ]BWes across the wafer from one
region to anothe n. this manner, the entire surface area of the wafer is

processed. In I&HB‘E FFE{”dé‘HﬁBd? MR systemyig diselasedo The (VP sustemrinchuges 2 garier
pol i shi NOhhtShdldsSadADRELs a Whﬁr n%@%fe‘r '?&héié%'ﬁ tthcﬁ’xrn'cpg? ﬂla?ﬂ{eréu cet {2) hol ds

a wafer. The carrier holds the wafer so that the surface of er to
be prbtesweesssed inaposadd The sustem taksodndiudes heoller it menedbatalmg:ess s‘bﬁfacd)l | er

B0 paq St 3 £pad & BUOR psld iy CRIF & nobne" LR, R SroEOSRIR Stbg e °U°"
process swtating grocess apifidedsl amjmd lagdinst tHeerotatibg wiafeg) ava freller swﬁa@@:d&:ﬂ e | ne
the roll Soné&® c%taagt regrlgrg has a suT age a%ae t dtolg lctsst] ﬁuan axlel uei‘arfer suquace area. In addition to

rotational movement, the roller also has transverse movement, and as the roller is applied
20  against the wafer surface, the roller also moves across the wafer from one region to another.

In this manner, the entire surface area of the wafer is processed.

_ In another embodiment, a method for chemical mechanical polishing is disclosed.
The method includes rotating a carrier that holds a wafer. The carrier holds the wafer so that

the surface of the wafer to be processed is exposed. The method further includes rotating a.

25  roller about an axis of rotation. The roller is covered by a process surface such as a pad or
brush as used in CMP or buffing operations. The rotating process surface is applied against

the rotating wafer surface to define the roller contact region. The area of the roller contact
region is less than the area of the wafer surface. The roller contact region is further moved

transversely across the surface of the wafer to accomplish the CMP or buffing process.

30 In yet another embodiment, a method for preparing a surface of a wafer is disclosed.

The method includes rotating the wafer and applying a rotating surface onto a portion of the



region is less than the area of the wafer surface. The roller contact
region is further noved transversely across the surface of the wafer to
acconpl i sh Wﬂé’l_’&ﬂéﬂ or buffing process. 30 In yet another RGHE¥NARIBE, a

met hod for preparing a surface of a wafer is disclosed. The nethod

I ncludes rotating the wafer and applying a rotating surface onto a portion
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surfaces, and the present.invention neets that need. Finally, a preferred
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subst ant | aPges 9t i HGELAR 1B iRt maRAG ang CiFrichlaf Bondhlon B Bl Pl
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' nvent 58 : molél prlé)c:exge9 mlehea&)e%?arfng %r rf'n{)r%n&oHﬂ?ex mulﬁ-layere’déintegrated circuits requires the

ability to precisely and hﬁifonniy planarize multi-layered suffaces, and the present invention

meets that need.

Finally, a preferred embodiment of the present invention affords a more efficient and

* more economical use of ‘precious fab floor space. The vértical orientation substantially
25 reduces the system footprint of prior art and enhances overall process control.

Other aspects and advantages of the present 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 present invention.
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drawi ngs, _illustrating by way of -exanple-the principles of the present
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The present invention w'll "be readilyéunderstood by the follow ng detailed
description in conjunction with the acconpanying drawi ngs. To facilitate
this description, like reference nunerals designate |ike structural

el enments. 5 Figure 1A sBRIEFDESCREPHONORTHEIRAWINGS chem cal nechani cal

pol i shing (CVR rocess, . ncl.udi ng.. S e waf er, cl eani ng system
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accorgdance wt e, | r iLnvention. Fiqure 6
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t he present i rEiguti2BnshoBE RA¢thérDhiok SRRESONAN/EF of HEC MREppERRID vitdBORIMENTS An

i nvention of systens and t hods. for..perform ng CVP operations on | ayers of
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is a cross-section view of a wafer surface area to be processed with two

15  possible contact regions shown.

Figure 3 shows a cross-section view of the CMP apparatus in accordance with one

embodiment of the present invention.

Figures 4A - 4C illustrate yet another embodiment of the invention that utilizes a

sensor to provide in-situ monitoring of material removal during the CMP process.

20 Figure 5 shows a CMP System Diagram with control and feedback signals, in

accordance with one embodiment of the present invention.

Figure 6 illustrates the CMP apparatus housed within a CMP process system

enclosure.

Figure 7 shows a flowchart diagram defining method operations performed using a

28]
L]

CMP apparatus, in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
An invention of systems and methods for performing CMP operations on layers of
semiconductor wafers is disclosed. In the following description, numerous specific details are

set forth in order to provide a thorough understanding of the present invention. It will be



set forth in order to provide a thorough understanding of the present
invention. It will be WD 01/19567 7 PCT/USQOQ 22786 understood, however, to
one skilledVQH¥32 art, that.the present invention may b&CEASVZRTR6d

wi t hout some or all of these specific?details. In-other instances, well
known process operations have not been described in detail in order not to

unnecessarily obscure the present, invention. 5 Fiqure 2A is a three
di mensi on4Rdetsiog: Beweyernip oBg skilled insthe @4, "hP‘ntha(PE‘??F@dh@éU% ey berpsactintsbdi nent -

of . the PRARGHTsoleV& bl WF-th IW@M@%L@;&O &
hol ding a waferSOZOZ such th%st f surface ar@g ?ﬂsqgé%% é'%&

pr ocessi n@perafioas haveapot bezp Aescribest iafdetal lin grdemany ﬁ@mrxegessdm@ olcure dlre Iﬁestnum ng
known t echngl: ﬁ)gy that ensures that the wafer 202 renmins attached duri ng
processi ng and substantially prevents the wafer from 10 rotationally noving
with respect t AP a o a _backsi de
of the carrlerlﬁi%%fg%\"/z}'ui%l thll%é dérgkﬁg{og%re%btgf)aprow a‘%rr.&(;)t%ah %ﬁ})@g}ﬁgoﬂ t 207
to the caowd embcinient axfidhe presait mmen!mn.usé‘ha(]l\ﬂt :appatmusoZOCt owsed eqrriei020dabout  a
waf er axi rotati IIer 210 ,Shown ured op.a shaft
208 The Soidie aSisE 07 pikadha 3 el affesh e 205 LSRR frsitn | g
which a rmzatslpme@mymaeea t2 e daftieaRP4 nsiflg kibwen rt&hﬁdwgynmht énsli®s tHad thel S Of

the roller bstantl nornmal tq the rotati.opnal axis of the wafer
0. | Al t rBEsT 20 PR iachi, AU Proossng Ad BUSSHRHE, BrePoNSlie WHE REr o

desir ggl apRiidhalR m&IREIWRh tEbad to HEBXEBL | QAFVe SRR D6 INEONMBUAS tolaS5RIGO09Y - | N
this enbodi nment, the roller 210 has a process surface 220 éias shown in
Figure 3)OhiAe easmier:2Q4 pehich ip senfigyreg to provids a rafatomeqmanonens 202 19 e garier 2041 t hat
wi |l work &Rﬁ‘f tFal viler A force 214 is
appl i ed t%J er@ﬂz)%%é %%?0% suc a&hlg%mtaﬁg& proce%élsgtﬁ?’mcga%o of the roller
210 i s appliedA sgjsr 3@ IStshewmbnﬂgumd'@n a Siaf 208! |The skO206 ddfinesharadtonal onl y
contact t o surface
out 1 nes. S92 &g Eief ik Ry Bl beiboEie 218 BHLE Ty FRficRS el

porti &h 0215 dfhie mﬁéres stﬂﬁﬁnuailynmtmamo tlmrrbmmmmhwus:dfﬂlawafemmﬂa Ahieough acess .
surface 220 of .th 0. JThis S ant |ffe ent than prior *
art CWP |??{B|‘”8nﬂﬁt gf’ﬁrt ?Hb ilr‘ e g rg}a§cgnd[ %gme?l??sr“gd é'gjogﬁtr?a@éq‘gf UM waf er
202 in cofinvéneons geas R inowk teahidegypOlni thisienboditieha t roller210aths @rprételst . As
depi cted, the CNP a parat is.oriented with the wafer 202 in a
vertical Su3es 2204ps h?WF'é" g@"i‘?n”g whirhsan hemPad @ bRish; qriany. opprsuttable materpl |se of

space in faf v wdik forlaRsiredEMP aﬁa&:&o&fﬁ%&@aﬁlgl W foRe 20N s PplRdo i
horizontal or other orientation degen ing on requirenents and avail abl e

r esou@esshaB@0§ mechythat she precespiuriaee fahsoroller219dnanplied against beavaferF0%af er
202 pr oduggs ofier 310641 therefore only contact the wafer 202 at the surface area defined between

contact surface outlines 212. It should be noted that by using a roller 210, the same portion of

the wafer 202 is not in coﬁ;inuous contact with the process surface 220 of the roller 210. This
is significantly different than prior art CMP implementations that would place the entire
25  surface of the wafer 202 in continhous contact with the polishin.g' surface of a pad or belt.

As depncted the CMP apparatus 200 is oriented with the wafer 202 in a vertical
position. This is one embodiment to maximize the efficient use of space in a fab, but the
apparatus 200 could easily be configured to a horizontal or other orientation depending on
requlrements and avax]able resources. '

30 The rotatmg roller 210 applied against the rotatmg wafer 202 produces a linear
velocity at the surface of the wafer 202 be_tween the contact surface outlines 212. In one

embodiment, the linear velocity at the surfa_cé of the wafer 202 (e.g., linear velocity as used




velocity at the surface of the wafer 202 between the contact surface
outlines 212. |In one enbodinent,:the linear-velocity at the surface of the
waf er 202 YQOY56T i near velocity as used i.r n WD 01/ 1958¢TUSWVRIBE0/ 22786

8 herein is defined where the: roller8210 nmeets the surface of the wafer
202) can be increased by increasing the dianeter of the roller 210. Figure

2B shows rol.ler. 210" w th I er djaneter than the roller 210 of Figure
o Bite R Eing e theroflen 1D Bt <L of thpyater 207 10 et inreged by

Fi gure 2Binefeagihethe dtameter bNGe edlfeedio/el ocity of the roller process surface
220, which produces_an increase in |inear velocity on the surface of the

waf er 202 bet y@éWec?grﬁhQ\‘,’f 2 gqller Z1Q witha lmé%dizmgt?r. thamthe aeller 210 of Figure 24 ger
roller 21Q ikrtond #ber BRUREredel dther! H0he ROIG' 2107 if Mz PBAERL Y o NC

waf er 202, whic I's i11ustrated by the increase Tn ft epar a A&t ween
t he coht aincregsedfvetasity @f Ithenrodlepracess isurfice 230.dehish pomiutdsatan tileedse i tindal/P

operation, i re. 1 eneral..ter th I ncl ude
any nunbor Ao HERPRESS AEwHBCAHERTH Bl i SRS 2120 g e b

usi ng a Chdegeappiler 2101 swill Bisbfproddyes s langen doct ipkint annle safaee df by vader 208 Whigkl | n
the art tg. . enconpass .those. operatians that vield a material renoval rate
of up to BOBSEASIPY HRprReIine SEARUPT bty e eniekriasoutiss 282 1000

Angst roms/ M nNUk g unldegstqddQR&Ihe GRS CMP BYpditRaeRd TVP préddss fPRedhbeh £E
pol i shbng with the mtrgﬁgctlon of a chem cal conmpound such as slurry (or

15 any? ot Beral frems digf 1 EIIp 30 U BB A precessst aqsamplishgd by aguiftinghomppishingl,
using t headRfRsingt Cﬂf!ﬂP'a?ﬁ&ratﬂ.‘..OBﬁﬁﬁ@%s Gty Affdertiobd by %g@?ﬁﬂ&?int fle B9y €S
2A-2B, and with higher I near velocities and increaSed torce, renoval
rates of Efsompasstimge aprgaiiony el Yirld gmaaterialiremayplaate ofnp tob¥0AIgseamsiminits,

ment i oned ; . V, ' ct lin

vel ocity, argﬁg‘étﬁ ﬁg%@b&%é@é%#@gg Iggt?@s?gﬁ# ér’ig&}rrg%esgl géél(rélgg ipﬁoé:g%éof orce
and/ or t hthelopertion ofepalishing wishl the intrpduction of laechemixhbcanipouadrsuchl as sTitsy (or

mbodi ] tad in Fi 2A and.2B show.that f b
nor eboaaety Pt EREC Tl SERE Bof B, & B g o S ahe fmoit o

i S nount ethechanigal protdssessdesdribeéd withd referenvetto TGP AR dnd WithVihiplieOlindapeven
force distribhuti og due to. back Qressurts;up[)rofi es. The illustrated

enbodi mentdOATS NG MEREsd s Tmevalspies of ur 19 4090 angstroms/minute andhighes caR near

vel ocity beichreed.t he contact surface outlines 212/212'. Figures 2A and 2B
show the roller 210, 210" with the contact surface outlines 212, 212' at a
center regi on &% menionghbove shprate of rerpovahisarfuncsion et fosgs:, lingay velecitynandolierce a

L1 ansy@r sprefByY 868 ent 1 $ndrerot ficfedtihEthe Fdrle AAbr Ak dear velocity will increase the
rate of removal. The embodiments illustrated in Figures 2A and 2B show that force can be
increased without the current technology risks to a wafer since the wafer is mounted on a
solid surface and is not susceptible to bowing or uneven force distribution due to back
pressure profiles. The illustrated embodiments also demonstrate the ability to easily increase

25  the linear velocity between the contact surface outlines 212/212°. Figures 2A and 2B show the
roller 210, 210’ with the contact surface outlines 212, 212’ at a center region of the wafer 202.
Also shown is the ability to introduce a transverse movement 218 to the roller 210 and shaft
208. As best illustrated in Figure 2C, the wafer 202 which is under a rotation 217, has a roller
contact region 212a. The roller contact region 212a is defined between the contact surface
30 outlines 212. The contact surface outlines 212 are shown in both a center region of the wafer
and an edge region of the wafer to illustrate that the roller is moved to different positions over

the wafer 202. Because the wafer is under rotation 217, the regions 212a represent example



208. As best illustrated in Figure 2C, the wafer 202 which is under a
rotation 217, has a roller contact region 212a. The roller contact region
212a i s deMAYYH i veen the contact surface 30 outlines ZEWUSHHBM SOt act )
surface outlines 212 are shown in botfl a center region of the wafer and an
edge region of the wafer to illustrate that the roller is noved to

di fferent positions,over..the fer 2. Because the wafer .is_under _
rotation f'%?’,"gtaﬂ‘ge?dé‘ég B???%i%fa‘ﬁ%‘g‘f’- RO ANE 0{/@6'?1?%‘8‘#1‘@1%]@800/ 22786"
9 starti nguandeediré@ionasst.ions of the roller 210:.noving in one. of a
transverse direction Z%Baaor a transve;ie direction 218b. In one

|

enbodi ment , t hE 5 gmbediegt. dha olier L0 coif by Gonfiguted 1Q ptartdn the center rsgion of
regi on of thel e Ef20ind2RvelBGnd EddY F tHeQvdittan WiORaRlerte Bretds18an Arddfher

transverse direction 218a. Another 5 enbodi ment could configure the roller
210 t o3st smbodimentirouldrgnfiguse thsrolier 21 (o st atrtheredgeregionedf the wafee andtravel

region in of ' P! | Y, ”?ﬁgﬁgj t he
wafer r o%%@?gélﬁt%%gé{%ﬁﬁle‘g&t gér!‘éérz‘?ﬁqe 'surslb 'a?:h eﬁ%f-e- e m@?&%\gﬁ%ﬁ@\\é,g{ tessed
by. the praatin21? gafsesthe 2tire swiface hithe wtaFesto Bl procensed Hylthes probess swrfica 220

surface o LN ) s tat | lLnts on the . wafer surface
area 202' ?Hgﬁfo qfé'églljoczbﬁs&(t)lp Q@Sﬁ?’ﬁ%’? %@ﬁ,@%ﬁﬁeﬁ%ﬁ? P%ftrfmﬁs:emrsgﬁ“f’@f"n 1 Whd t he
rotating whferwafaee ar2202’ Fhuy regtons ofsdontast tetwgen sie-oradng tollev2 1@vind thetroRuifIVP
appar 3bus 2850 4’n accordance with one enbodi nent of the present invention.
This ¢Pos¥BE&T-onal vi ewillustrates various conponents of the roller
210. In this 0rdi 318Hdws Qf crbdiBedion YR of T CNIP @ppardthie2000kd Sdcordbibe! With
defined as.a tubular structure 222., Preferably, the tubular structure 222
i s made ofhesempodiment afsthe prefent inveptipnot Flis Gresssestional yigwt illpsfrages gyagionnough

to enabl ecdiisonaRPbf GRILAR 290, HPhfEEnRBainkAE om%gge_féaﬁ ifleh I u S AP A on.

As shown, the roller 210 inthe illustrated e Iment 1s cylindrical, and

t he tubul defined agia tubuiar strgctire 392.d Besferably, dhel uhilag aictuseh2ddds wiadh of stainteenef i t s
of stken N o Tl A t can al so
be usdh. S} s ofhet Ykl oo Pt (SN Sho SppiRuich 56 foE!dihBaCE"

al | oy. 20wsafer dudngia VR kperatidou | A showny theupier 219 in she Hlostpteslcastodioent ace 220.°

As di scussed ,above t DI QCESS f ac 0. " he,a p a.brush, .or any
ot her "ot SRR ot [Pal FEEH 222 tliRe e cr BRPA B B hefifer o

cl eani ng prenghs sigidity aad dipho weights hedwevefx solidvsaiuttuteneanralso bdassédVend bmeess i s
used in a nunber. of applications. .in _gsem cognductor wafer fabrication, and

t he proceg’étegﬁlﬁfﬁegmfgg“%ayb@piﬁgﬁ copr ified to best suit the

requi pgnent s. $RHARGIRS thé ubtlar BIBRE 32514 ticsrOces Surfibd 220. A sSdibdusdet! dBoveC1000

and Poraneric. 1Cl1000 and Poraneric. can Col ) )
the process surface 220 can be a pad, a brush, or any other material best suited to the

requirements of the CMP, buffing, or cleaning process to be accomplished. As is well known,

the CMP process is used_in a number of applications in semiéénductor wafer fabrication, and

the process surface 220 can be changed or modified to best suit the requirements. Examples

25  of process surface 220 rﬁa_tcrials include IC1000 and Poraméric. IC1000 and Porameric can
be obtained from Rodel 6f. Newark, Delaware. o

A center region 2,24 .of the roller 210 includes the shaft 208 which defines the axis of

rotation 215 (e.g., Figure 2A). The shaft 208 is mounted on a bearing 226 and gimbal 227.

As discussed above, force 214 is applied to the shaft 208 during CMP operations. The force

30 214 is transferred to the roller 210 through the shaft 208, bearing 226, and gimbal 227. The

roller 210 has a roller rotation 219 and the process surface 220 is applied against the wafer

202 which also has rotation 217. If the process surface ZZO and the wafer surface area 202’

are not properly aligned so that the surfaces are flat against each other, uneven processing




be obtai ned from Rodel of Newark, Del aware. A center regi on 224 of the

rol I er 210 includes the shaft 208:which defi, .nes the axis of rotation 215
te.g., Fiuoermsy7 The shaft 208 is nounted on a beari ngpefgsengisgi nbal

227. As discussed above, force. 214 10s applied to the shaft 208 during CUP
operations. The force 30 214 is transferred to the roller 210 through the
shaft 208, bearing 226, and gi nbal 227. The roller 210 has a roller
rotation w&@dmwrt\hh;clpmh’swelsltm aaccDblei sstﬂqopFoxeﬁnaagasdnsthet dhaft\eegas 202

whi ch als surf e 220 and the _waf
surface a&'gglﬁg gﬂa’rbgp%%tltzﬁr%m%% Fons§ 3 ﬁ‘g ‘?‘n‘ge g{fF?Sgégtgacgl,ZZ&f | at
agai nst eaﬂthowmrsur&nemzqz’dm&@ﬂ?mﬂrﬂdbﬂssmc@&{aﬁ&%? PCT/ US00122786 10
woul d occur V\/nl:_. s\%g el d an una eptable result, Fot~.this _reason,
the shaft 208 nt é‘& ‘f?“é‘eg!f%a‘l’ Bodimens Gf sheqinvesrion hat ytiliges a
al i gnment séﬂ@dr%ﬁrtb{)ﬂ&@td@ﬁlﬂﬁﬁﬁﬁoﬁ%ﬁtg%ﬁmgégal raﬂévat hen g éé‘s g 202
during CVP processing operations i gures 4A - ustrat [ anot her
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renmoval . ned the s _can be
Fest art et AR SboatithE BholsSuet FeE il 5, BEpY cRRBER bStre ca
enbodilfre npredwmdsmﬁam mateaal retnonad whlln-lmpttoumglpmcbsi‘ngahﬂsﬂghdutt IeEig@vari ng 10
preci se apd f or m mat renoval whi roving processin throughput
In Fi gureﬁ!’ﬁAém AP ?‘6° e"st an; QUIEL %ﬁgpédﬁgt?ngﬁh%ma SPERReHED 3L ohS { he
waf er sur disamsedrabove? (e’ preséﬁ inebnGionSmetié cdhfyfed oNGrPCRIPSRbedsGYE M 4 &HteFa“ be
configured toé%él?ré pro essi ng at a center region 232b of the wafer
they wafer ¢ R

surface af*€gm cp areg iz | Pditsanbg configured tp starthe EMFCRreeess at an
outer regiom SRgeresion td38a VRN witr bReRe A3220292 The Thfer Ao @ lclg 1ds Witep ' has

roller_ 15 rotation 219 is acted on by force 214 such that e process
surfatd 2DatAtion 2&%;54 qeted ondhifAmse 214 such\ibftdbe progessisustage 320 @opphmgainstahs o has

rotation g 3 ned&f}eﬁ%‘é’;% fEnOAg A %Eaub#% PUbH c%%r@é‘&%g}x?(%}ath%}?ﬁ&har ca

of cont act tween t e cont ac sur ace O I ne
Fi gur es zmg@@)’ZSZErmhqsmcfrcom deﬁnelbbﬁ’twgmrthajcdnmcrmﬁﬁatmutliﬂms 212 ¢isGhovaei NQ

processed a), . through, a feedback 234 process
that utill'z ﬁgl{r%azﬁar&e? fn ?sgr lls ¢ '?2)‘3 “’?2(5(’ BIoRiker the,tegiopbeing proseispd fhieres
f eedback the ouer iagmmzsam) thivagh nefeaabadkmaaapmmmt Qtilizd3 @ases R&Rfron, rmoxh@ a

metro r the like. her exanpl e of a sensor is a
&(? gyotﬁerr}'g fo easurement and feed!)ack asis nown in the rf%%ld In one example, the sensor

}'! D

may be a metrology sensor or the like. Still another example of a sensor is a
spectroreflectometer, which can be obtained from Nova Measuring Instruments of Israel.

When the sensor 234 determines or predicts the end point of the CMP process, the

roller 210 will move from the outer region 232a towards the center region 232b. In one

25 embodiment, as the process surface 220 moves along the wafer surface area 202’, so too will

the sensor 234 move from the outer region 232a towards the center region 232b for

continuous, real-time, in-situ monitoring of material removal. In Figure 4B, it can be seen

that the roller 210 is moving from the outer region 232a towards the center region 232b, and

the sensor 234 mirrors the movement. In Figure 4C, the progressive movement of roller 210

30 and sensor 234 continues. The sensor 234 provides continuous data including the actual

removal rate on a particular wafer surface area 202’, the change in removal rate in different

regions of the wafer surface area 202’, and end point of the CMP process. It is anticipated

that this and additional data provided by the sensor 234 will be used by the CMP system to



spectrorefl ectoneter, which can be obtained from Nova Measuring Instrunments
of Israel. \Wen the sensor 234 determ nes or predicts the end point of the
CVP proces¥VORi8567r ol | er 210 will nove fromthe outer red@CEUSIBRIB6t owar ds
the center region 232b. In one 25 enbbdinent, as the process surface 220
noves al ong the wafer surface area 202', so too will the sensor 234 nove
fromthe outer region 232a towards the center region 232b for continuous,

real - ti me,vannthg iferge Aishirelisr irpatioss 219 wefer sptaticarddapnd otherrpagameters) ) adhieve an be

seen that, EBE?S@EB%C% h& sdroving fromthe outer region 232a towards the

center regP € sensor 234 mirrors the novenent. I'n Figure 4C,
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regi ons of234 lpﬁ)wmfs e¢al-simef m@uma&ﬁoﬂﬁgbf the M prbcgssiusing déedblik B4R Dagess.

It is anticj pate that t and additiqQnal data, praqvi t he sensor 234
11 e eaRE O, hetiapsc A i P e 18150 Sonek e 25 1BuEh 3 oDt o

force 214 red ?sﬁsbafgnmozeet llﬂan@éﬁbom&ﬂrthé Qérbr 283 rddaburesié dRbiReSt mAdrAIBR €rS tO
achi eve i mum uni form CMP_process. Figure 5 shows a System Di agram
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real -time, In-situ nonitoring o CMP process using fee bac 234a Dat a
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printing, paffheRidsath BOiks tdmﬁpeﬁmré Ltoldrirotatson 219 wafepidesion el derdositibh e
contraql station 25 an be vvare ent . out puttin st.em commands
baseq 15n' oh s eRog A3 B et i H1e 2B e HR T s utklan PRUER ando
signal . 2&gbnitér el tadeldf thteral mvsmsspmﬁaﬂmtwnférhmfmmda@ozsmbmmedmﬁwe it °
is evaluated with other  parameters such as tine, ature, roller

rotati on. Xelocitysderes aprlicatigng Andyto7manipplate ﬁ%“%?f“’ta{"ﬁﬁrsl'g ‘l‘} ey, gptimm EMB 34 on
the wafer yucdfpee area 202'. This information is used to calculate and )
noni t or tﬁe rate of material renoval on a particul ar wafer surface area
202', associ.at &he tantrehstationgd53disesythe flaip dtecolipqss. imanitprsrand gMajuates awammandt e

syst e%pa LSIELES SosttdnBR8 rSHEP rdtitioh B44] %sc&rs&f:%% & rolier 210 is mounted on

the shaft 208. The shaft 208 is attached to a motor 253. In one embodiment of the present

invention, the motor 253 can be an A/C servo motor 1o maintain a constant and controllable

rate of rotation. The control station 252 continuously monitors the output from the motor 253

via a control/feedback signal 256a, and the control station 252 outputs commands to the

25 motor 253 via the control/feedback signal 256a to control motor speed and resulting roller
rotation 219. _

~ As discussed above, the roller 210 has roller rotation 219 and also has movement in a

transverse direction 218. As the wafer 202 is processed, the roller 210 moves along the wafer

202 from the outer region 232a to the center region 232b, from the center region 232b to the

30 - outer region 232a, or in whichever direction the needs of a particular processing requires (see

Figure 2C). The shaft 208 is mounted on a support structure 25_4 that enables the movement

in the transverse direction 218. Support structure 254 is monitored by the control station 252

via a control/feedback signal 256b, and the control station 252 commands the transverse




The control station 252. uses the data it collects, nonitors and eval uates
to command 20 roller 210 position: and roller rotation 219. As discussed
above, th&OWWB¥? 210 is nounted on the shaft 208. The RITA¥S0022786 s
attached to a notor 253. In one enbo® nent of the present invention, the
nmot or 253 can be an A/C servo nptor to nmaintain a constant and control |l abl e

rate of rotati o% Tp&Fcont rol station 252 continugusly nonitors the out put
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signal 256a to control notor speed and resulting roller rotation
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r equi res The shaft 208 is nounted on a support structure
254 that enablThs embedimene skown in Figufees talsonshoas e datidhls ipaameis .of SWFRoT t

structure 254 rmnltor r ol atjo via a .
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supportstructure 2 via the sane contro~dback signal . I'n one
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t he waf erforsthe centiel andofgedback of tig presant inventione dulis anticipstenthat, i &Biwnite the

malntaln ont.,rol station 252 to

cont ol | el BERLEE, SURGAL ABlbt S0 AN nBREr MIR BRRE S EmBinE, T2

al so showsd piessuwaini thd bchMMVMMt \and echieveatpétmuonCRIP7prosessing by egabd and

ontr Il ed by the ) ntro at| 252. A .carrier rotatiqQn contr and
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and t he cont rFiguﬂeDﬁ Sihistraes thtbCMPUiipdiatusCI00t iddkeds withial £ CHMIR Fi&esscs%téiner
ation 217

rotation c nt r ol f eedback si gnal adjusting the ro
Figure 5 AR 270 3& it, ARCARI R e {%M%rra'm}éswm@gmlos%@of weuld rhe
cont r ol BAbtrLEed RACHeeDS alldye dpr f§Chther! Ib‘éﬁﬂ{m&ﬂhte-kéneh%ng%ét%ﬂa{hgld vJoBﬁt in

addition to the illustrated paraneters,” the control Station 252 W al so

moni t or  PIRVEASHTICHE, SUPRS. archierahility to intyeduqsrRracessing materiple like hurysandg

envi rNNeRLmicAR dn@ rdMdvé By GRbdudiiMrid B ' ur ement

and eval uat |13n 0 procesgl ng uggta angﬂi)&bgﬁigg%geggﬁ%?ﬁ%%}sstg vad?ti%abl es.
house the CMP apparatus 200, deliver wafers 202 to and from the CMP apparatus 200,

maintain the necessary processing environment, and perform any other functions necessary to
facilitate safe and efficient CMP processing.

As discussed earlier, a preferred embodiment of the invention is oriented with the

25  wafer 202 and carrier 204 in a vertical position. The CMP process system enclosure 270

provides the structure and support to operate the CMP apparatus 200, and provides the

necessary facilities for processing such as electrical power, water, air, and other processing

chemicals, gasses, and other materials. Wafers for processing are transported to the CMP

process system enclosure 270 and introduced into the processing environment by whatever

30 method is best suited to a particular fab’s facilities, processes, and resources. Examples of

such methods include end effectors, cassette loaders, robots, and the like. The CMP process

system enclosure 270 introduces the necessary materials of processing such as DI water, air,

and chemicals, gasses and compounds for slurry, and also transports the by-products of



Figure 6 illustrates the CMP apparatus 200 housed within a CVP process
system enclosure 270. It is anticipated that the CMP process system

encl osure Y80 be constructed of steel, alloy, or REF/GPIT86 )
| ow particul at e-generati ng materi al t &t woul d provi de structure, support,’
and the ability to introduce processing materials like slurry and 20

chem cal s and r.enove -products. .The CMR, pr ss system encl osure 270 is
el gad t BOCSHE Y% 97 RIeCSHIRG FarREmstio THRENE Broceti PURED SBIONE HIA o

the CVP appainfindthe B¥kironMBALAI cuhditibAbCofNRE FRERE ¥nifoRMmBHSBN aS RUpEARFERMs and
perform any other functions necessary to  facilitate safe and efficient CUP
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oper at €5 t henvizhemensp disais (welldoownathg wafesy caebe intreducnd by ssideyenteycintt & &p f or
processin . i " : | I t her .processi.n

Cher cal o cri i iyfihinch@y Rk yilfHhfne e yarBEEh Bl R RREGE WA

t r anspor t edlainairtidgelo@\fartiqulatcgeneratigrs t B eniry lpoimtsroan BF Gomtudled by mwag of & dodmt 0

t he processi,ng,epvirgnnment by. what ever thod i.s best suited to a

parti cul ar°rft§%hstn?ta%'ﬂl 7“?@3?,rc\émogcccggg@sqf?‘g%ﬁal"@gSEY’E)é’?emE‘;HWﬁIPé%"cfﬁmg Buch
met hods i nddseifted absleef f ect ors, cassette | oaders, robots, and the |like. The
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proces¥ ng sucifigie psheys gHowchapt diagramy ining methad-apegations perfopastHsgs f or
slurry, arusicndpe@?hgge,sa@é&osdahb@wi_@wowaﬁbuah&n%f Riént ferftidAC /3042 786

13 processing ou the processing environnent. The CMP process system
encl osur e ERBs At OpEERtioNa2%s whets & aferols nRrRYided: el rroesassdoin 2 Isbepicdcess

envi r onnent. SusH ]iﬁlﬁﬂ?&fArgPPGﬁexﬁaﬂ.t; F{’Keér_i%?}%ﬂ MGoh CRAftis e E&nﬁxgﬁy sl fpement s

of a particular process. above, s process system enclosure. 270
al so enablcassett¢seand transpertad tof diffierent stadens shuingfalicationuto cémplats the alesimdi ng 5

enviro i [ , [nt. ed Lde entry
poi nt, {H;E%%ceéiﬁ?%t\{%‘bi n E%\ﬁﬂaor?%mg? ern?eé'?lto??}% p %ﬁ%ﬂ@tl{'% H§\'A”I‘T Q‘%ﬂ"% "q’e
t ransf er qgrovidddefromi am casselteoentd haudiddeby amiend affecto fdrsafepdeliveryutcathe CMP

tion. Th t i nt | led b f d .hat ch
Phat wi I | ieeipiis BpeeanE et Bafthisd uf Ao mebls Wi bttt n fmig
processi Ngs povidedSterHold d wedfer QuringOCHMPspeitidnsS DN cadriéd 9L pat bf theagmm 280 -

defining nmet hod operations rfornmpd usin a ‘apparatus,. in accordance
W Lh ong CRBUBIHIARE 1510 nIRRegh (ot GUBR Pisrf SHHLSHBES 0o WHEh Avals: Hn

oper at3on pféd MARhSugh aptBfier strudtin@ \thal Bfbvides ASd REFHBATELHwher anTRRSEC Be

- carrier will preferably approximate the diameter and shape of a silicon wafer used in

semiconductor manufacturing or other similar substrates. Further, it is anticipated that the
carrier would be constructed of a material of sufficient strength and rigidity to support the
application of force against the wafer surface during the CMP process. The carrier should

25 - also be of a light-weight material as the carrier is rotated during CMP. Example materials
may include hard plastics, aluminum, stainless steel, etc. _

Next, the method proceeds to an operation 286 where the wafer is attached to the
carrier. The attachment can be accomplished in any manner that would securely hold the
wafer in place during the CMP operation. Some examples of attaching the wafer to the

30 carrier include vacuum, electrostatic force, surface tension, or mechanical clamping.
Whatever method is employed, the attachment must be of sufficient strength to hold the wafer
in place while the carrier is being rotated and under the application of force by a roller. Once

the wafer is attached, the method advances to an operation 288 where, as mentioned above,

acilitate the

|




mechani cal polishing (CWP) operation.: As is well known, wafers are
commonly stored in cassettes and.transported to different stations during
fabricati WQ0a956dnpl ete the desired 15 process operati oRCTHS022786n one
enbodi nent of the present invention, ¥ wafer can be provided froma
cassette and handl ed by an end effector for safe delivery to the CW
~apparatus. Once the wafer is provided, the nethod noves to an operation 284
‘where a dhe edcder isiratatsdlo\inge dhe walep fsatiapked jarthe carrien M Waier eitesavithte  The
carrier |i part of the CMP apparatus, and in one enbodi ment,.the carrier
has a solid surface onto which a wafer is 20 placed. Al though any carrier
structure thatA pexswperation 29 id thrugpplicationf agrotating rolicn havieg apeepess swefacecarri er

|l f d
' som comters ARt SBeE e OBERAE R KeRd PR koo shbiiihoind (72
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0 nst - ChePolsraR e koo dhetsfe® R irisetieof Wieoat pREr et 25

al so be Ofurfacd ﬂh&htovm ltwvoneﬂaéoafab@Ithaszafehelrcﬁrcbmemcelvsmr thieahaBbodlay dlRgdyCVP.
Exanple materials may .include hard plastics, alumnum, stainless steel,
etc. Nextdesqrived fhe mater iy riatings Therefare.ophendhe Brocess suripce is applied pgrinst thes
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t hat woul d securem)l/ I n ace during the CWVP operation. Sone
exanples wifermtActo tdrpending apon the iph’éewt ehtheirelfer oper] thejwalgn dherervill be

el ectrost SN er
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t he waf erover an pheac @owion| of thehewatm)r pidecases ifhwhich th@teatiredvdﬂdsunfadeus bding
application of rce b S tagh .th t hod
Svancas PRt (Bar v B s ackl oy B comdior U Hoechp vth' G iy B

01/ 19567 Wt Un@oh@at 8hth phidr arn designs/ iit eliouidsbe midatsmdad it nigeepriobess m-faee of s
attach d o the, carri t he wafer rotates Wlt reier ext

oper a@ 6’ §é{;’f'§"f’h@t'ﬁbﬁ i %CBW‘ﬂbfhcfn?lﬁtsﬁ’ff?‘i’?é’ }i‘fl"f”tg"?’ “ﬂaﬁf ﬂ?Fg‘“BF ptBEBss
surface @eaIRSis oAl)dn 6RLAE vamf&%onﬂﬁ%f tlerWJfélQerfaQQ@g Rbdriddtt FRfbnP@GrHgShé N A
processing environnent into whi ch chem cal s, cheni cal” conmpounds or

ni xt ur es, B@e that pasggplar partign Pﬁ%hFd‘GfR!éW%cﬁ Totates mw éhec‘H@“bS)PM?FF Serface gf f i ng,
or cl eani fg QRET Pid aeﬁum?s &mttﬁéfoneﬁ@ ?%ed &rééﬁ} bt thelite? of fhE vﬂfag

surface that covers t cont act the wafer. In accordance wt the
met hod assomer ¢satgy potion dﬂdﬂne@l py alsmallfoint at theregnigr)iindgn canstanttentast withethe t he

Procesgy Swﬁl’(eﬁc ?‘ho'-: ?ol%p'ﬂ bgs?tid%g&‘iapﬁﬁ éeﬂﬁr only at the beginning or end of the process

depending on whether the roller is moved from the outer region to the center region or from

the center region to the outer region.
The method then proceeds to an operation 292 where the rotating roller is moved
across the surface of the wafer as illustrated in Figure 2C. The roller may move from the
25 center region to the outer region, or the roller may move from the outer region to the center
region, or the roller may move in any direction across any region of the wafer surface as the
requirements of the process dictate. This may be needed when some known topographical
variations must be removed. The movement of the roller across the surface of the wafer
moves the contact area across the surface of the wafer and progresses from a first region to a
30 second region until the CMP process is completed to the desired result. This is the final
operation of the CMP process and when complete, the wafer is removed from the carrier and
transported to the next stage of the wafer fabrication process. For example, the next stage

following a CMP operation may be a cleaning stage where the residue of CMP is removed



wafer, it does not define a contact region as a singular, static band or
chord across the circular 10 wafer. Accordingly, dependi ng upon the

pl acement ®¥oemwesarol | er over the wafer, there will be caerasodn2vss only the.
outer portions of the wafer are beingtprocessed (e.g., the roller is placed
over an outer portion of the wafer) and cases in which the entire wafer
surface is being processed (e.g., the roller is placed over the center of

t he waf er )and whe tvafen cshprepered fayrtho hppliaionvedfacphotdresist dayer.a Of contsh, the iGMPar t

designs, it should be understo th e 0Ccess f ace, of the,roll er
e o et Ry BE P! ShaR mid Hineh P AGE IR bR e, AtfngC | o
ti me. Thatlikepduringhite fabfidation bfwallat intd integrred airtuii tOnca cquapleiepthe Safer iecutaf er

surface (e.g., contagct region) duting the i that particul ar rtion of
t he waf er l@géegcwﬁ%{@ﬁwé&aﬁ "’l‘?éat?‘g?’%"trfg?pprﬁl’eggpssﬂ? F}éﬁ?é’]?fgg e

rol | er 5 TheitfiEsRkigedanSinte@Rbediie aldedite@lend BevidedsiRH afla cofisulnér &l¥difoniclead cent er
of the wafer and sone center portion (defined by a small point at the
center) i Predycleonst ant contact with the 20 wafer. The roller is positioned
at the center Qf}lmé ik indvRRtidhapk BRinRscRibeEidedis drEveRdl Prfciied ctibBERLhRT ON
whet her the roller I's noved fromthe outer region to the center region or
from t he vallibe@ppreaigied that thoserrkilled i the ag gipomreading thecprersding ispasiffpatiensadd t o an

v o1 as. ST P Gnbihfs A BRI BERARTOAT M BB O (1

r egi orot o thdeevfouk ds thereforenintended that thel presentniryention cinflnden 4lheuchudlterationsyi on t o

the center ,region, or the roller o i.0,.an irecti.on across

regi on of afi‘f'fﬂg%aﬁ’g'fm"gﬂ}of‘%cﬁndagq%‘ﬁge%&r %sqé?lr gﬂglﬁt tée gtfuet PR %@5%03 © cﬂfgﬁgt e.
Thi s may hgveiggifled when sone known topographical variations nust be
renmoved. The novenent of the roller across the surface of the wafer noves
the cont adthaipselamed 55s the surface of the wafer and progresses froma
first region.to a 30 second region until the CMP process is conpleted to
the desired result. This is the final operation of the CVWP process and
when conplete, the wafer is renoved fromthe carrier and transported to
the next stage of the wafer fabrication. process. For exanple, the next
stage following a CVMP operation may be a cl eani ng stage where the residue
of  CWP is renoved WO 01/ 19567 PCT/US00/ 22786 15 and the wafer is prepared
for the application of a photoresist layer. O course, the CMP operation
may be repeated several nore tines for different |ayers (e.g., oxide,
nmetal, and the -like) during the fabrication of wafer into integrated
circuits. Once conplete, the wafer is cut into dies, each die representing
one integrated circuit chip. The chips are then placed into 5 suitable
packages and integrated into a desired end device, 'such as a consuner
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product. Wiile this invention has been described in terns of several

preferred enbodinents, it wll be appreciated that those skilled in the
art upon r®Q8VHE% he preceding specifications and st udyPEHUSNBB2786 ani ngs
will realize various alterations, ad#ftions, pernut ati ons and equi val ents

10 thereof. It is therefore intended that the present invention includes
all such alterations, additions, pernutations, and equivalents as fall
within the true spirit and:scope OfE&M—IS' nvention. What is clained is: WO
01/ 19567 PCT/ USO0/ 22786 .16 CLAIMS 1. A chem cal nechanical polishing
system conpr lsi ngA chemigal meshanicshpalighing dystem, lcoingrisingl rot ate a wafer, the
waf er having a wafer surface area; and 5 a roller having a process surface
that is confi aouder eopfigureditachold andyotatend Wwelier, thet wiafeshayingua wafer sunfabeesrea;ot at i ng
axis, wh in the process surface of the roller is applied against the
wafer at a roller contact region, the roller contact region being |ess

t han the wafe C .Gl i cal. pol.ishjng stem as
reci tgd in cl é@“&é%fé{g‘%ﬁ %faééot?rl%*ﬁ?]éoﬁ'giéygg%(]r?’Pa\‘}ceassthe;?blerﬂgi" T3 aﬁ%“ﬁ Rect ed

t o a backalledeotatingtdxis, whereinahe process surfdce of the roler doaptied Against Meakdferat @f t he
wafer. 3. chen cal chanical polishing.systemas recited in claiml,
wher ei n lr?]llgr C‘irga‘:l’ Bﬁgfogpt%ﬁé cﬁcqqtaﬁgﬁgmv@f“(?gile[sga‘@B%(Yﬁé‘?ﬁs“{f?F&tmias governed by
a dianeter of the roller, the linear velocity conponent being configured
to increase as the dianeter of the roller increases. 4. A chem cal

mechani cal polishipg,systemas recited.in claim1, further  caonprising: 20
a shaft bei ng&'defi‘ﬂeﬂlehﬁﬁg@%ﬁ?'ﬁ%a?r %(Ig'@?gaﬁxffe?‘sasc(‘}?ﬁtle JP edaimh 1s fpsestt t he
rol | 40 weesmprisigp! | ed agai nst the wafer at the roller contact region. 5. A
chem cal mechanical polishing systemas recited in claim4, wherein the
roller has a gidtixashafribeingtofiitclel & a backside Bf 64 caick ARl Einki¥red bduse thBe

gi nbal nechani is_25 configured to conpensate for non-alignnments between
t he mfept§W$ﬁ]§W%?rrer when the roller is applied to the wafer.

3. A chemical mechanical polishing system as recited in claim 1, wherein the
15  roller has a linear velocity component that is governed by a diameter of the roller, the linear

velocity component being configured to increase as the diameter of the roller increases.

4, A chemical mechanical polishing system as recited in claim 1, further
comprising:
20 a shaft being defined through the roller and is configured to support the roller when

applied against the wafer at the roller contact region.

5. A chemical mechanical polishing system as recited in claim 4, wherein the
roller has a gimbal mechanism that is coupled to the drive shaft, the gimbal mechanism is
25 configured to compensate for non-alignments between the wafer and the roller when the

roller is applied to the wafer.
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11111121121122111211 IN M s 111111 This Sheet Has Been Replaced 11111111111
LE e 1 1 W 01/ 19567 PCT/ USO0/ 22786 17 6. A chem cal nechani cal
pol i shi ng. veyewrwwssras recited in claiml, wherein the rolpcerusoosn2eesp! i ed
agai nst the wafer at the roller contagt region with a controllable force.
7. A chem cal nechanical polishing systemas recited in claim1l, wherein
the 5 roller is noved in a transverse direction between a first region of
the waf er and a sedocheémicakgieshanisal pﬁshhwafsastﬁm&s récited tif@thithdl, wheein thel

ol 0 5 waP s pied e R iy At ol oot BV U apouge o s

rol |l er about an axis of rotation, the roIIer havi ng a process surface; and
appl yi ng the process surface of the roller agai nst the wafer on the wafer

surface area on he rall &h ;60 r.egi on havi ng
an area |ess talf'lan #aé?negﬁa?fcg%g&géﬁﬁgyétirgaérec gabm;:lOr : q‘f‘
mecharl cafoligrak Ilﬁdvlem@n agransetst alikectionHetwezn &, fmhegibnrbftthe wafeplad Ialwcdﬁfi t he
waf er is ca,usefl b}/@f drive shaft being connected to a backside of the
carrier THIROTEEMWEi ed by the drive shaft, the holding of the wafer is
configured to substantially prevent the wafer fromrotationally noving
wWth respect to the carrier. 20 10. A nethod for chem' cal nmechani cal
polishing as recit further risin defining a linear

d i
vel ocity compdnent AR F qcé QU%%E’GCW"%] P&fé gpm s"lﬁ'le roller, the
| i near vel ocity conponent. incr he di aneter the r IIer
i ncreases. 25 TqtHn ??E'E‘?Tdhatf%wngﬁ%'ﬁgﬁ‘gﬁdftl@é’ﬁg% '(E‘&Iwaffﬁ ‘§H$ ﬁd‘”’g PRt ed i n
cl ai me8, & ber conpri sing:

rotating a roller about an axis of rotation, the roller having a process surface; and

. applying the process surface of the roller against the wafer on the wafer surface area at

a roller contact region, the roller contact region having an area less than the wafer surface
area.
15

9. A method for chemical mechanical polishing as recited in claim 8, wherein the
rotating of the wafer is caused by a drive shaft being connected to a backside of the carrier
that is rotated by the drive shaft, the holding of the wafer is configured to substantially

prevent the wafer from rotationally moving with respect to the carrier.

20
10. A method for chemical mechanical polishing as recited in claim 8, further
comprising:
defining a linear velocity component that is governed by a diameter of the roller, the

linear velocity component increasing as the diameter of the roller increases.

25
11. A method for chemical mechanical polishing as recited in claim 8, further
comprising:

supporting the roller by a shaft being defined through the roller, wherein the shaft

supports the roller when applied against the wafer at the roller contact region.

‘This Sheet Has Been R« eplaced

L]

L] I



supporting the roller by a shaft being defined through the roller, wherein
the shaft supports the roller when applied against the wafer at the roller
.contact re@anssefhi s Sheet Has Been Replaced 1111111111 IpcTusbdss27sd | il 1|
H1111J111111211121112112112111 K s numdlF i WD 01/ 19567 PCT/ USQQ 22786 18
12. A nmethod for chem cal nechanical polishing as recited in claim11,
further conprising: defining a ginbal in the roller to conpensate for
"non-alignnents between the wafer 5 and the roller.when the roller is
applied to the wafer. 13. A nethod for chem cal nechanical polishing as
recited in cl akm 8A rhethachfor cheroivplr medhanjcal pofithingigs eecitat neclaim 4 hefurtbér er and
during the agﬁg%l ng, the force being a controllable 10 force. 14. A nethod
for chem®@%P hani cal poI ishing as recited in claim8, further

conpri sing ving the r transver r 0 cross_the wafer
surface ar eam‘)l *lﬁagﬂ?éﬁg gr‘%ﬁ' rg@erg?'chegmﬁe f'foﬂea?a 8’&7 ?"sfhervéaé‘i”on of
t he Waf eranll theaolier sBAl theedlicp is ppliédo tvalafer. 15. A nethod for preparing a
surface of a wafer, conprising: This Sheet Has Been Repl aced rotating the
wafer; 11l 11 111 11111411114 141 applying a rotating surface onto a
portion of the wafer; and 20 noving the rotating surface between a first
region and a 38cong mewbd Fforofhehical WitbiidaD polishing! 4t recitddcinulamas, fagherl 6. A
met hod for preparing a surface of a wafer as recited in claim15, further

conprising: 259@%¥*&ting a linear velocity at a contact surface defined on

the portion of the wafer, the
P applying a force to the roller and during the applying, the force being a controllable

10 force.

14. A method for chemical mechanical polishing as recited in claim 8, further

comprising:

moving the roller in a transverse direction across the wafer surface area, the transverse

15 direction defined from a first region of the wafer to a second region of the wafer.
f
15. A method for preparing a surface of a wafer, comprising: - Sheet Has Becn Replaced
"M
applying a rotating surface onto a portion of the wafer; and

20 moving the rotating surface between a first region and a second region of the wafer to

complete the preparing.

16. A method for preparing a surface of a wafer as recited in claim 15, further

comprising;

25 generating a linear velocity at a contact surface defined on the portion of the wafer, the

linear velocity defined by the rotating wafer and the rotating surface; and

manipulating the linear velocity to control the preparing of the surface of the water.

LT



| inear velocity defined by the rotating wafer and the rotating surface; and
mani pul ating the linear velocity to control the preparing of the surface of
the wafer. WO@AMI®7111111 1Al 11111 Il 1111 L. MS ~wP WOrakid2s9

PCT/ US00/ 22786 19 17. A nmethod for p¥eparing a surface. of a wafer as
recited in claim16, further conprising: defining a force at the contact
surface of the wafer, the force being applied by the rotating surface

agai nst the colf.actA guathod for prepating guawrace. of agvaiemasiepitedzinidlaimt Me fitthece t o
control tRe pteparing of the surface of the wafer. 18. ‘A method for
preparing a surtace of a wafer as recited in claim17, further conprising:
novi ng the rot gld. ng, f of the
wafer in a 10 rng'fl Séﬁ%&ﬁn&@ﬁ&%ﬁhﬁ%nﬁ? '? hé Rﬁ ?stg‘g?%rgﬁogéﬁﬁ%%p@%é b&/g[ %r to

t he secondotatigisorfacefagting theeoptact sarface ofitheiwaddraandng t he | i near vel ocity and
the force at the contact surface, as the contact surface shifts in a
transvérse di r metipdating the fopeet to obnttoh the proppang of gheosfurfadecof sherwafere of t he waf er.
19. A method for preparing a surface of a wafer as recited in claim 18,
further 15 conprising: calculating a rate of renoval achieved by the
preparing of the surface of the wafer; and manipulating the |inear

vel oci ty and t I8 f ok aeettod fohpreparinigacsurface 6fig avafea s révited omelaimt 17,s fiurfhec e
shifts in & transverse direction to control the preparing of the surface of
t he waf er B9 A nethod for preparing a surface of a wafer as recited in
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appl yitog uhssvéred ditdctign ﬁ-uhftmmtaggomsﬁthé hefestmrthaseeom‘reglbmmé eafegtand he .
contact surface 25 with the chem cal compound on the surface of the wafer.
21. A nethod fmampﬂamrmagmearmt&aﬁ and thedfoiva fae theacontabCsurfacke, a8 thd eontaci 5,

furth Thi s She Has B R
urther gn?rfrggtra thl}ts 1% a tranL\;serse rect1on, t% coﬁneorll the.e ?epanng of the surface of the wafer.

19. A method for preparing a surface of a wafer as recited in claim 18, further
15 comprising:
calculating a rate of removal achieved by the preparing of the surface of the wafer; and

manipulating the linear velocity and the force at the contact surface, as the contact

surface shifts in a transverse direction to control the preparing of the surface of the wafer.

20 20. A method for preparing a surface of a wafer as recited in claim 15, further
comprising:
introducing a chemical compound onto the surface of the wafer during the preparing

of the surface of the wafer; and

applying the rotating surface against the surface of the wafer at the contact surface

25  with the chemical compound on the surface of the wafer.

21. A method for preparing a surface of a wafer as recited in claim 15, further

comprising:
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treerererrerroorrererrrrrrr 110111111211111112112111121111#1 a~(r)~r WO
01/ 19567 PCT/ US00/ 22786 20 neasuring an amount of a material to be renoved
in thepre¥®dPsesf t he surface of the wafer using a senBcwASoerzyst ocati ng
the sensor over the wafer during the2preparing of the surface of the wafer
to neasure the anount of material to be renoved; and 5 using a result from
the sensor neasurenent to calculate a rate of renoval. 21. A nethod for
preparing a sundassng@n amovntiof p matcriabloibe exindvad i the preparingyif ehecsurfatehef the
prepari nqvgtgng.qlga%m%r.% operation and a buffing‘operation. 10 22. A

met hod for preparing d surface of a wafer as recited in claim15, wherein

the rotating : ' f rotation dsh&er ting surface
has a rotati néx%ﬁfr?é g@?ﬁ% }s‘\@;%a“?ﬁ#id@ﬂﬁs eaarf?agf‘gf? r F‘cet(grttﬁ%ga%éfoer axi s
of .r ot at i measurt tlelabidhint Gf isdldrial to HelrenbV¥eldf arld 1111 S This Sheet Has Been
Repl aced 1111111 1111111 12121211 1111

5 using a result from the sensor measurement to calculate a rate of removal.

21. A method for preparing a surface of a wafer as recited in claim 15, wherein the

preparing is one of a CMP operation and a buffing operation.

10 22. A method for preparing a surface of a wafer as recited in claim 15, wherein the
rotating wafer has a wafer axis of rotation, and the rotating surface has a rotating surface axis

that is substantially normal to the wafer axis of rotation.
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