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SYSTEM BACKGROUND OF THE INVENTION s 1. Field of the Invention The present
invention relates to chemnical mechanical planarization (CVWP), ladgridp@d
particularly to devices for reducing edge effects during wafer processing
by CMP. to 2. Description of the Related Art Fabrication of sem conductor
devi ces from sem conductor wafers generally requires, anong others,

chem cal mechanical planarization (CW), buffing, and cl eaning of the

waf ers. Modern integrated circuit devices typically are forned in
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lines are patterned and electrically connected to the transistor devices to
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Figure 1 shows a schematic diagram of a chem cal nechanical planarization
(CWP) process 100 performed on a sem conductor wafer 102. In this process
100, t : a CWP process in a CWP system 104. Then,
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is defined by Preston's equation: Renoval Rate = KpPV, where the renoval
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25 view of a static nodel of conventional edge effect between a section of
the wafer 102 and a polishing pad 104. In this static nodel, a uniform
pressure is exerted on the wafer 102 in the form of a downf or ¢&Agsil 2004

i ndi cated by vectors 106. This down force 106, however, causes a
deformation, which is indicated by vectgrs 112, of the pad 104 that is
essentially transversal (i.e., normal) but with a substanti al
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other particles to the wafer surface. This nmakes cl eaning of the wafer
substantially nore difficult. In view of the foregoing, what is needed is a
devi ce and systemthat can mnimze edge effects on a wafer during CW
processing while reducing slurry sealing effect.



15 SUMVARY OF THE | NVENTI ON Broadly speaking, the present invention fills
t hese needs by providing a device and system for suppressing edge .
instability during CMP processing. It should be appreciated tﬁ@84¥$3004
present invention can be inplenented in nunerous ways, including as a
process, an apparatus, a system a deV|§e or a nethod. Several inventive
enbodi nents of the present 20 invention are described below. In one

enbodi ment, the present invention provides an edge |nstab|I|ty suppressi ng

devi ce f se | | anari z ce to r in a chem cal
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5 Figure 1 shows a schematic diagramof a chem cal nechani cal planarization
(CWP) process perfornmed on a sem conductor wafer. Figure 2A shows a
cross-sectional view of a static nodel of conventional edge el ® &gl Fdween
a section of the wafer and a polishing pad. Figure 2B shows a
cross-sectional view of a dynam c nodel ,of the edge effect 10 between a
section of the wafer and the polishing pad. Figure 2C shows a
cross-sectional view of a sealing effect between a section of the wafer and

h li shi d. .Fi 3A sh ' i ) CVP
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Fi gure 3Bdshans ndy siieexdl ew tii afliram@f ofaporex end lpasoyehPtisey pélBhing pdd 204,

rotating polishing pad in accordance with one enbodi nent of the present
i nvent i orfreating shisty3Guy atianseanditiogs.a Asraogsull dteinghsactionseql the Wakd seipcsay em

for perform YR ' Nﬁﬁ] ] ne enbodi nent
of the p?lé)gtéagmi@lnvent“?loa(r%lg&%?%%{r}% \g?élﬁ%\%g&a&%?@iegese tr%%oe%%flgvi ew of the CWwP
systemswi t h modiditicallfy w paesdurd ozdnas ktipubite sadepodition iprosesrtbancan wadsh
anot her enbodi nent of the present_invention. Figﬂs‘ire 4 shows a&sc())i/e_r Vi ey

di agr am dRcreasehBurEig dskechviby. osresically conysriigpl SME sysirrs yuliger digsofydion and
accor dancg.idt foAREat ML LIRS twlﬁ%h %r@ ?}r(;g%a?lsyer@&uc'iﬂsﬁl ot YypeFLQY0Rs stimulated

illustrates a perspective Vi 6w 0 processing uni't 1 n accordance
Wi t h one bgrtigidpressure. ofn théwe rgacdses) prdsmure dtdpemeveds the ppacteons Aash@wedeposition

Cross-sect.i gna I ew of a section of waf er and front pracess.unit that
e ar r angeuriolyeiBRreHuTe DGk o1 fisowaly SR o frPRUED HARCE ARSI
enbodi fﬁe’lﬁlc@ﬁtr&llfaﬁlepéﬁﬁ;?‘dlhidnné{ﬁ‘ 1RE - othelr GHrBctEB 15 MRSy aferCdfite. S E PRIk ARAlles Vi €W
of a section of the wafer and the front process unit that are arranged to
reduce t hicaptgef dief wefer subdiastiglyrreers duifiesbur e waves in accordance

In view of the foregoing, what is needed is a device and system that can minimize

edge effects on a wafer during CMP processing while reducing slurry sealing effect.

15 SUMMARY OF THE INVENTION

Broadly speaking, the present invention fills these needs by providing a device and

system for suppressing edge instability during CMP processing. It should be appreciated that

the present invention can be implemented in numerous ways, including as a process, an

apparatus, a system, a device or a method. Several inventive embodiments of the present
20 invention are described below.

In one embodiment, the present invention provides an edge instability suppressing
device for use in planarizing a surface topography on a wafer in a chemical mechanical
planarization (CMP) system. The CMP system includes a wafer carrier for holding and
rotating a wafer on a polishing surface of a polishing pad that is arranged to move in a first

25 direction. The edge instability suppressing device includes a front process unit and a second
process unit. The front process unit is disposed around a first portion of the wafer facing the
first direction and arranged to align to the polishing surface of the polishing pad independent
of the wafer during CMP processing. The back process unit is disposed around a second
portion of the wafer opposite the first portion and is arranged to align to the polishing surface

30 of the polishing pad independent of the wafer during the CMP processing. In so doing, the

aligned front and back process units substantially reduce edge effects on the wafer during the
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention
provi des a device and system for suppressing edge instabilityl@dpiihg0@ve
processing. In the follow ng description, numerous specific details are set
forth in order to provide a thorough understandi ng of the present
invention. It will be understood, 5 however, to one skilled in the art,
that the present invention may be practiced wi thout sone or all of these
specific details. In other instances, well known process operations have
not been (QMB@FEEENE.-n detail in order not to unnecessarily obscure the
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the 1o wafer during CMP processing. The front an ack process units 310
and 312" My BOIRRSeanEsTHE oY Sralies LR PG, RS BReLE o

Pref er ablpyte, thbreb§ ledhdntindl 1B 8RN PlaflarRaldt 86%e $allr! OhQ APt dNdvRii&RSS
unit 310 while a cleaning chem stry di spenser 326 supplies pad cleaning
chemi st r yofithe presers devenpen #eld beeome apagent Mowethe follaviog fdewiled derdriptark tgheocess

cl cani ng BoameAtioh TRE L8 haGing b G MRl Ty T ls ot P iigreon

processi ng.thelpresent imventiond back process units 310 and 312 may al so be used
in performng CW



processing of a wafer using a rotating polishing pad. For exanple, Figure
3B shows a rotating polishing pad 330 that rotates in a di recﬁ%% 2 '4cat ed
by arrow 332. The front and 20 back process units 310 and 312 “L i ded
on the rotating polishing pad 330 around wafer carrier 308. The front
process unit 310 is disposed on the fropt side of the wafer carrier 308
facing the rotating pad notion while the back process unit 312 is provided
on the other side of the wafer carrier 308. As in the |inear polishing pad
302 of Figure 3A, the fpokriESCREFTRIRGE THIPDRAWINGRNd 312 are arranged
such that their bottomsm‘%‘ces—renmwlush or even with
t he bott om surlfhageessefit inbentioafntl beaeaddyRngdersived by nie foylowiny detdileidnigsdription

pressure applied on the control ar 314 and 316. I p. additi.on,. the front
G back ip PGS0y ths FaCameEny e (rayinge. S piian s sini Ry ke Aot SR g

cl eani ng ] Mg MR RERERRI N9 of the wafer under the wafer
carrier é’%gﬁﬁﬁ.ﬂgﬁ%‘q%c% Itrustrrat es a cross-sectional view of the CVMP system
300 fors pl anarfigirad ho86 asschématic tiapmgr aphyhehical me¢hanicdUplansrization (dbir)e

wi th one enbodi npnt of the pr %lent i nvention. In the CVWP system 300, a pair

e
of cyl i ndfPEE PHEAMRES §N SGHRIRRY BYABF's provided on 16 April 2004 9
ei ther side ofpl e 2A0dHOSRINGoRAMCRMI vibWeofUPRRIc OB cBfveNtibRalRUSE effed| v
of hard, abrasive material while the lower roller 304B is nmade of
el ast onerbietwaratasettion of Theewefer and @polisBogaadnd 304B operate to condition and

revive the surf.ace res of the pol.ishing pad 302 when the pad 2 nNpves in
the direction nglg? ?fﬁ%wwcrgﬁgeéh?%l svdgf’n@?ﬁcfo élalglrf Ie]n)‘?fj Qnaggmalg&g.ebgﬁ?cﬁng
unit 342 pereen alseidadfithdivar BRdihd @dlishliiepRXt ended air bearing unit 342
includes a table 346 through which air flow 344 is directed up toward the

pol i shi ng pad Fgee 260shong Ompspsestiensd jvigyy of Aseqlireettcsy betgisan frsgetionapidthpack
process | xert pressure on the polishing pad. In this
process, %ﬁelsaéﬁsl&fﬁ%l\f/gvhg%i)aﬂuncti ons as differential air bearing that allows
redi stri buti orFigire presisiwsead oatview difprhmenfiml éxehiphgy CMP 302em By acturdance

redi stributing the | oadi n%i the air bearing unit 342 provides substantially
even suppBith orsrembodimentiof FeRiessBUINSEBIOBLr i ng VP processing of the waf er
340. ve theas;al ' ot : ' t .

carti oF 308 by ey Aok ekifidipghlif ofh Sheriflhy EMITRHDRRA fidkuing
carrier 308shiogpicem wnordapplwidsore gubesduene obthetphasemahemtidd0 agai nst t he

pol i shing pad 302. .t5 The front and.back praoces its 312 are disp
Dround ¢ he” waftafire Ak istasesss Gher FHUOAY BN 460 M S5t b peidarmios Banit o
arns 314 Rpds3dPa waks RE sédo¥tnYe with 8n@tfBodiddn@teh sent fhvbMidh, are coupl ed

to pressure and position controllers PPC 350 and PPC2 352, respectively.
The pressure dngurp3d) shoows T onesy-ssiclienad viRRCh! d8CMRGYFRPG2W 3B Madiéfiesl frdmieandnd

apply gdesi.r 0si tions an ressures, ta the front. . and back pr.ocess units
200 Y A P R P SR RESHTH Ao Btod i o Bl RE s BRENPARE 5D Vo) |
In this confi qugatidashows tan DRetvietv Biagnal etfrdédiand bhek pE]Ifomts uaiigl dipeded REUREAS S
units 310 and 312 are separate and_decog&{ed fromthe wafer carrier 308.

Thi s al | GWEalEhi aceeydancs yatheneemhodiraen of Hiepsesgaignyanion12 to al i gn

i ndependent |y ¢ : noltshi : 1.l d
302 Thi s al | areiee LANERE) £pelspRip ey shd i bREEAL WP bR agyBR
312 ef f ecinecelbpdmeak of thhpreseigantipme 25 wafer 314 during CVMP processi ng,

t her eby. substgnti al ly.elimnating. undesirabl e ed ef f ect nd suppressi ng
nvant B veved B ERRSHEYT PR S Hioa 309" oFb SR AGE VEHS 41 3 0P PRACE SRof
resi dual tB&iaRe afrh@eldso rhdiR the BdYe ENet B kvalir QR A8Sorilict witlCheddifboiiedtiy De
configured to suppress edge effects that may arise fromthe edge of the
front andhpBErRebinyeBE@n.units 310 and 312. Figure 3D shows a cross-sectional

view of the 3Q; 3 Lth dified front .and back process units
310 and 312 1 HEre SRR BT e BeRE e o S ar ot B v AEF P LETRT RFERS on.
The CVP syt than 30 Quiafgs 10 dediice! the @Age effdd adArsuppra@QsteskQrd Whisstinalcestdinte
Figure 3C with the exception of the front and back process units.
Specif?%d?%%?mﬁﬂ¥éFﬁ@€@@§t9%@°Bﬁﬁﬂ36ﬁwﬁﬂo@he front and back process units
310 and 312, respectively, are rounded to elimnate the abrupt edge of the
front and back process units shown in Figure 3C. The curvature of the
rounded edges 360 and 362 of the front and back process units 310 and 5 312
functions to distribute pressure over a |larger surface area and thus

substantially reduces the edge effects and suppresses associ ated waves.



In addition to masking the edge of the wafer and suppressing the waves, the
front and back process units of the present invention may be conflgured to
provi de additional functions. By way of exanple, Figure 4 shol® ARH! ¥r vi ew
di agram of front and back process unit 402 1o and 404 di sposed around a
wafer 406 in accordance with one enbodi gent of the present invention. The
front process units 402 includes a conditioning unit 424 for conditioning
or reviving the surface of a polishing pad. For exanple, the conditioning

unit 424 may bm@ JESCR l.’ K ﬁg)lﬁ’f]ﬁ ﬁl\ﬁﬁé INERT ditioning

a pO|IShI ng pa oT1Tg T A 15 1In
the front proggespréeseht 1n4@ﬁlonaprﬁ{ridééihldbylc@fan§ ls@dtem 408 sippre@sing cehﬁabemﬂny
cavities, etc.) is formed along the inner region adjacent to the wafer 406.

Each of tdveing (MR prwsssing. dlnrthe fllowing Aessapiien, §P@PWS sprciisgetailscase setdprthog

(e.qg., tub e o} b

S1 ot's 408" SHEE RE RNl AERER Bna B 3ERREof rreeh ChVRRIOR I GuFBE Indiasball

slurry st th;vh&erﬁotlﬁﬁ kIR d di eHengt, HWPLhe ippesenisinvegntiol may, betphacticedwithputaoms Sr uni t

402 supplres the 20 slurry directly under the edge of the waf through t he

sl ot s 408} ofjkese spgrilie detaig larpibe Ilﬁtt@cﬂm"ﬁl“o‘?mﬁ’r"dw‘éﬁshﬁpgﬁ%ﬁqsﬁmﬁ‘?P

under th r ront process
nit 310q§§9§ﬁ%a%déﬁﬁ W%E?é? ]nﬂk&§ﬁ?ﬁgpﬁ$%ggfg?ﬁgﬁh%%acE %rocess unit 404

aI so i ncl udes Figipt udAl shbws odn salvextvmmﬁihgfam nefdam | capmplane CMRBesysteani3of for

adj acent to the fer 406. Each of the slpots 412 ate.configured to receive
pad 25 clPRRIiAgEdhe ﬁt”sf’t“‘reytof’?%ﬁqu& ef aavategincRROAdanss, Wi HHE gﬁtodm%tfgfht%

channej hOmVBHion" TRECRAL KysRinP86s %dl'ﬁHeE aAfishiky ‘E)aﬂ a0 Ne chahabding uift the
slots 412 adjacent to the wafer 406, the cleaning C entstry fromthe slots
412 cl ear®0t hwafenciraicr 30, atftr.ult pmlcr:srunngi 1paend aﬂne@ttrmfesg/urat 36 Theepadishingy
exits from.under. thF waf.er ack

Fhoi 11t ol RO UL TR ept g gl ERE R 18 PP arink » et gt rrohs Hgier

surface icaReBes itk sRRrafrdAa stdig gi!;p&lhgéfg,glﬂ ts from under the waf er 406
reduces the tine and area the polishing surface conmes in contact wth the

slurry and ot HerthoMP ssstems3(6k tienrongitenangs it 326 Hurctionhéo pratpre thes sysface |
2004 11, or54 AR RISRRRE i B0 o8l PLOSHC e BERRL S SRl Bhip 620,

It shoul d be appreci a éss un

may be CQﬂélu@sreﬂﬁaﬁ of pethéi xdﬂe@tsloerdmtpaswt olﬂﬂﬁhea%ldwdﬂ the IpBlistex@pRd 802 hieaback
process unit 404 be used to supply slurry to the wafer in addition to
provi di ngnetpeuRif é%¥qrg0taﬁemtlset toyetsrﬁ%&ug\rr’htrht!wawélﬁluvg pad 302 [shingypegationy that i ve
enbodi ne u u f fJront
orocess o 799 Yefte RRERER< Blrks S BMiilg fha pE oy MELAT AR PR O
be i npl emmd¢scbleshaigriadnl y a front processing unit w thout the back

processing unit. In this e, a,sm retaini rin y be

bt ovi Bk on t Hdieguteers 08 % ebeiiegito Bak ang 8l s Wetst deeMhiner STapt ace
during CMReBlisit 835 biding EPT PRCEIVR SHILALE uetudme dMsEotdiic VAR dnatk RAPYI de
subst anti al advant ages over conventlonal g;tens For exanple, in

cont r ast Vaguunmgo AL é@ﬂslumqurh@%ﬁ esnéfrriedrow wiaten cargion3ntoi applyl vaCiim

1ot ho. oA o R BILCR Flfely il BE TR, TDBIAF 10 Tlan pERHoN IR By

t he cent exarridr 368 vathtes, théFEt%/ fokeing tiy wefesendéficathof the present invention
overconmes the slurry starvation effect 15 of conventional CMP systens by
provi dng sI urthy Hetauessss yaHeH Ot 1 tharhack deryess it 3 dtaze d@BoseWrﬁf@lﬁldaﬁhé
adj acent fgef &‘?rlé’ﬁ(%ranﬂ\%ﬁ &%ﬁeﬁe Sthitd ﬁor%qge Fafi cgrl 469%§ n?j‘ﬁ ?r%Qt t'fs's tth&s
slurry mxing In cases ere 't he conponents are dellvere separ

result, t38@ i$ ponidepgoodissiontside ofOR wafbstaanitri 308 Ifycingihe pué motioh hdmlmtlsd backy
di stributjon und 6 an i hcreases_t ot al éfnoval r at Furt her,

TS o RO 1 SRS HL of M O sl T Wt Serbes S0 Tl his' Shfiavatin,
slurry diin ifeufrbmand ek Pradless A& suidadil21apd O§a| RanOalAcAlR @Ndhéy Ferhfint he

front and back processing units may be arrange n any suitable nner to

f aci | i Yatsationarysandghys de net mtartgz wailidthe rwaéerrea’rhen@om leodibatk procewsrunits Sipland
Figure S I r$f i th ront . praces 10 in
accor dancje1 bv{,r ?Eﬁ%‘%ogﬁrgﬁ% z{iltd 3:‘1% %ef? e\%g En‘f'ﬁcnv%rnf’ fogwaeff eﬁ‘ﬁt‘fﬂ@ hﬂlt the
processing unit 25 310, a pIuraIrty of channels 512, S 14, S 16, S 18, and
S20 are formed to supply slurry to a plurality of sIots S02, S04, S06, S08,
and S10, respectively. The slots S02 to S10 are fornmed on a | ower portion
S22 of the front processing unit 310 to receive and supply the slurry under
a wafer. Preferably, the slots S02 to 510 are forned to be within the | ower
portion S22 of the front processing unit 310 so that outer edge S24 of the
front processrng uni t 310 i's unrforntrn 30 structure. The sIots S02 to S10,

o o . I [T Y N NN P Y b1 e



may be arranged in any suitable manner to facilitate supply of slurry under
a wafer. For exanple, the slots 502 to 510 may be forned at a slanted angle
to enhance the supply of slurry to rotating wafer. The slots boapub280 and
channels 512 to 520 may al so be provided in a simlar configuration in the
back process units of the present invenfion to facilitate the supply 5 of

cl eaning chem stry and/or slurry. Figure 6A shows a cross-sectional view of
a section of a wafer 602 and a front process unit 604 that are arranged to

mask the edge effect. of the wafer 602 in accordance with.o e irent of
the pr o5 SRBIPR 9GS dhe Pfﬁﬁﬁélfwréwdewzt%aﬁaone aad PP@W%F%&BE@ kil %%%3‘812- ot
pl aced o 1 {1shi ! f k BloR&8Smityni t
Boa- ana ST Rdlge kst o ofTtdls 86 TAT ARNE by fIGAE ahd ALK PopaS R
pl ane of 3tlBangal? sieipnefemblyf amag&DBich that heiptwitioghiuniycgsaemadssubStawtiably dbishc e

of the front process unit 604 es the_ hi ressure ed o] away from
Che. wat er0" oL Y8 ot PG stace JE 8 0R1et o8 CMP BiEmrechE St shee PGyt
process Lé?blqedqgﬂthegj,mdlgfﬂ,yg,mmjmdependent front process unit 604 noves
the | ow pressure zone 612 away fromthe wafer 602 to a | ocation near the

out si de edge 6@n0neémbodimeniphe frandeed BadkirecespunitstHsnd 332 wrecadlapted danretaip ce

inidcateq, b ectars 614 | ppl.i t he . nr der
the wa enneoyateE et Qe URNBoUSRpe, AT B RSl BhR AR TR
nmanner, toheeekd @its 310068332 dpinbt Hddidefalvegtr repliningrisktod. NBiseadg e @irohsetivaf er
602 fromundesirable edge effects by transferring the edge effect fromthe
edge of tréfeinipef Brg 6B heopromided ondhel avabar garet GOS0 toreperkyipdd, pf Beeessarynihe
604. Eli m natj ect under the wafer 602, in turn, allows

sl urr&ot ?%%%%Emﬁg‘%%ﬁ% evenly under the wafer 602. Accordingly, the
pl anari zati on Tkffreitemdybaek proessvahiey 3602nd S12ubsy datarabged enp@ritikednulti-

Li kew se, the back _process unit_of the %resent inventjion reduces the %dge
ef fect urfustion dorgMEr pigessing. aPrefarably, the e, dispenseroddaProguige STyt Rethe r ont

or back RFo‘?]?gﬁéceQﬂiuhﬁ £10 WiRePy %&%ﬂi?’lgi Eh\éﬁﬂgt{;pﬂisp@rgelal?)g@ Qﬁgﬁé&“é&cﬂ%@ﬁngo
further inprove the planarization efficiency. Frgure 6B shows
cr oss- sechemisaly t@%he/bak prbceas srit Bl 2n Hofwew tre thwafrent 260 Dbaek grackss vniterdl0pndcess

unit 604 that are arranged to reduce, the e effect and s res ressure
waves. 1 JdaBnaEh Do ORAESHE (L EONE s B RIEABInE ORI B PioSHIn&HE Yat or
602 and tag cfehRiRl cREARES JuHAE EMIDFroddsSing! aced on the polishing pad 606 and
operate to indepéndently align to the plane of the polishing surface 608 on

t he pol i shi ng Thadr@0@nd Phek pigress wwiis1650d 312 may alsoobrt ussdde gedomming (BOB | s
shaped to _m ni.m zi 30 pressure. tlp t he..il.| ustéahgzd errbo%i }ent hipe out er
edge 650 FIPUURALS 181 Siiiee® (RE!RY SOUMNRR BAY-¢ ¥ TAEP MIBYT GF PR @
pressur e réQvfg politengd/PAEI3( that fotOed in die&sion Widitat&Dy how IB2M ERNront ah8
April 2004 13 thereby further enhanci gg uni form pl anari zati on of the wafer

508. Vifk 1tack Rrocpiseiin 310 spd i ? aif mawideden threwtyting aglishing erd3Gproyed vitr
pr ef er'r eQafIth 36k MHRE Sront brobbss unt318RPHRAORN B hd'fbal JASEr BEWakGLallr g art
upon readi ng the precedi hg specificatiohs and studying the draw ngs wl
real i ze facingtie rafatieg atd motion edlilé thednek pfcpsnnitt3aL isoprevidad or thel otkdr aideof

thereof. Jt is therefare jntended that.the pr nt. i.nvention includes all
Such. al  SREHTHREATIEG JOE; Ghoin BErPEaSHE Faf U2 NBITErs i Pl 400, gachi n
the true e hni@ﬁ@&@ﬂ?ﬁreh@ﬁn%ﬁﬁﬁh'tﬁm-thé’i‘f‘ﬁ&ttdrﬁ sﬁﬂféeegfrianm:subs:%ﬁiaﬁpr N

2004 14 CLAIMS 1. An edge i nstabi y suppressing device for use In
pl anar#3zifhghr syen aoth the gwiiompswiace of theaefer ifor @MPhprocesalngdivacentioliatg b

(O oY PSR 5o b At 250 o S G5 Bl pea
units 310 and 312 may be supplied with slurry and/or pad cleaning chemistry during CMP
processing of the wafer under the wafer carrier 308.
Figure 3C illustrates a cross-sectional view of the CMP system 300 for planarizing a
30 surface topography of a wafer 340 in accordance with one embodiment of the present

invention. In the CMP system 300, a pair of cylindrical rollers 304A and 304B is provided on



pol i shing pad being arranged to nove in a first direction, the device
conprising: a front process unit disposed around a first port% n QLﬂﬁhe
wafer facing the first direction and arranged to align to the %éPP U4
surface of the polishing pad i ndependent of the wafer during CW
processing; and 10 a back process unit Eisposed around a second portion of
the wafer opposite the first portion, the back process unit being arranged
to align to the polishing surface of the polishing pad i ndependent of the

waf er dur.i -he 1 i r.ej ' cess
i 15 sustPd i0Ee e BREER Byl B0z, Herlobel RAEESOMNTE pick il S BaRe ol
pr ocessi hgaterldd while Theloadg eolien304Wid mide cfehptonssicngaterdali Theseaolas 3044 and
claim1l1, wherein the front process unit incl ud(fs: a ,pI,uraI(L%(i/ oL first
channel s 304Bpperafefornrditip and pvaedbe surface pewss of thegiolishipe Bpd 743, whetthe pad
pluralit | I . fornged on a bottom portion of the front process
unit adj ?gg%?&!te%ﬁ{tﬁgd\f/}v%?gﬁl%éﬁg being arranged to receive the slurry through
the firsst charithel GMPwlystemi alsd neluZles sh extendedr ambeanimgfunitsi42simies thespahislowg ded

under the wafer for planarizing the surface topograph f th er,. 3. The
edge i nstPaBPP? ?h%%ﬁi‘gé§Pfr¥’§a’dl%3/‘i"8b3‘§?s‘nﬂég‘?stae‘a€1?%4€EIH¥H§&WL\REQ@OW s
front prog % . | : Lgyr ' a

pr essur e R Y e B R B P e
front pranédaclupictesanahita3é0 end31hexdrapiesspreoce s pohishing pad.u tlethisaproeesonidie

troller ' d to d to be .ied.on the back
brocess. i IO Y HngHens ss R Igfe k] dirpe et P Bl AT A O Lo O P roig8a ohs 4.
The edge thpbidRidg paa S0 PBE MRIsNOdieBLES: AR 16R%hd, AR bt behddgdumt WM piRidest he

first process unit further”includes a first armarranged to apply the
pr essur e sabslarpialy evemsuppentof the polishing pashiRaluriag (DAP prasessingf thy welss d4ini t

d wh ' he b ' h ' q d d
2P0l Y the pr edRNE hduerine A i oLl T waiT e A OB AMES 1

process uatdum forcd pRvRIEehiolst AdUulintporiSINBPIRESVAIG E@aYEr 308 atateSahd §shliesa
claim1, wherein the first process unit further includes a conditioning
uni t for reessaeondhs wafer Be0 peainst Hierpglishipg Be®e3®% t he pol i shi ng pad.

15 The front and back process units 312 are disposed around the wafer carrier 308 and the

wafer 340 and are coupled to control arms 314 and 316, respectively. The arms 314 and 316,

in turn, are coupled to pressure and position controllers PPC1 350 and PPC2 352,

respectively. The pressure and position controllers PPC1 350 and PPC2 352 determine and

apply desired positions and pressures to the front and back process units 310 and 312,

20 respectively, via control arms 314 and 316, respectively. In this configuration, it should be

noted that the front and back process units 310 and 312 are separate and decoupled from the

wafer carrier 308. This allows the front and back process units 310 and 312 to align

independently to the plane of the polishing surface on the polishing pad 302. This alignment

capability of the front and back process units 310 and 312 effectively masks the edge of the

25 wafer 314 during CMP processing, thereby substantially eliminating undesirable edge effects
and suppressing unwanted waves on the polishing pad 302.

To further ensure elimination of residual edge effects, the front and back process units

310 and 312 may be configured to suppress edge effects that may arise from the edge of the

front and back process units 310 and 312. Figure 3D shows a cross-sectional view of the

30 CMP system 300 with modified front and back process units 310 and 312 in accordance with

another embodiment of the present invention. The CMP system 300 is similar to one



10 6. Th
wher ei n
formed i

e edge instability suppressing device as recited in claiml,
the back process unit includes: a plurality of second, chan )
n the back process unit for receiving a cleaning chenﬂ@ﬁ???ghwd

15

a plurality of second slots formed on a bottom portion of the back process

unit adj

acent to the wafer and being arganged to receive the cleaning

chem stry through the second channels for cleaning the polishing surface of
the polishing pad. 7. The edge instability suppressing device as recited in

claimi1,

ri ng shape arou
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of the wafer. 8. e edge instabili suppressi ng device as r
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the fro and back process upits include a bottom surface and
tth%eclfétf‘?fgﬁ'?@ﬂﬁ’ F“a‘&’é‘?s%"fasfoﬁéat?‘f%ﬁ‘fesand back process units align t

shi ng 17 YAARER t@mabiifg BRI ddgd b the Rl sOFpre§engHE Wil € @RSHéfl -and

back process units of the present invention may be configured to provide additional functions.
By way of example, Figure 4 shows an overview diagram of front and back process unit 402
and 404 disposed around a wafer 406 in accordance with one embodiment of the present
invention. The front process units 402 includes a conditioning unit 424 for conditioning or
reviving the surface of a polishing pad. For example, the conditioning unit 424 may be
implemented by using any suitable devices for conditioning a polishing pad such as a
conditioning unit 320 shown in Figure 3A.

In the front process unit 402, a plurality of slots 408 (e.g., chambers, cavities, etc.) is
formed along the inner region adjacent to the wafer 406. Each of the slots 408 is arranged to
receive slurry through a channel 408 (e.g., tube, aperture, opening, passage, etc.) formed
above each of the slots 408. The channels 408 are coupled to a slurry dispenser to provide
slurry to the slots 408 during CMP processing. Thus, the front process unit 402 supplies the
slurry directly under the edge of the wafer through the slots 408. The channels 408 and slots
408 for providing slurry directly under the edge of the wafer may also be implemented in the
front process unit 310 as shown in Figures 3A to 3D.

Similarly, the back process unit 404 also includes a plurality of slots 412 formed along
the inner region adjacent to the wafer 406. Each of the slots 412 are configured to receive pad
cleaning chemistry from a cleaning chemistry dispenser through a channel 414 formed in the
back process unit 404. Due to the location of the slots 412 adjacent to the wafer 406, the
cleaning chemistry from the slots 412 cleans the surface of the polishing pad immediately
after the slurry exits from under the wafer 406. In addition, the back process unit 404
facilitates removal of CMP by-products. The cleaning of the polishing surface immediately
after the slurry exits from under the wafer 406 reduces the time and area the polishing surface

comes in contact with the slurry and other by-products of CMP processing. Thus, the pad

(0]



5 11. The edge instability suppressing device as recited in claiml1,
wherein the front and back process units are arranged to retajn. th fer
during the CWP processing. 12. The edge instability suppressithﬂ E? as
recited in claim1, wherein outer to edges of the front and back process
units in contact with the polishing sur}pce are rounded. 13. A chem cal
mechani cal polishing (CW) systemfor planarizing a surface topography on a
waf er, conprising: a polishing pad having a polishing surface for

pl anari zi_n Iiotélga%g_srg&e%?glg%ﬁ 8@9}&2@?% Qxfe Sﬁb&g}tiéﬁg’ﬁ%q“gw bei ng arranged to nove

inaspec?lr ire carrier Ing and rotating the

waf er on the pobhouli bg apprediare thit thé€ropo bid bidkgproagks wmith 403 tanfrdbdemnsy bai t
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plurality of first slots fqQrned on.a bottom portion of the first process
unit adj é]&eve‘tfefH‘RIE%" Q%é?’glﬁ\ﬂﬂ‘ér%g?sﬂbg'arranged to receive the slurry through

the fifpst chamigl EMPRGHES dthhe Shredeny ihvedfbh HRotide Subfihftfad ddSamigyi sed
under the wafer for planarizing the surface topography of the wafer. 5
conventional CMP systems. For example, in contrast to the CMP systems of the present
invention, conventional CMP systems typically provide slurry at some distance away from the
wafer. Due to the distance, these systems often exhibit slurry starvation effect at the center of
a wafer. The front process unit of the present invention overcomes the slurry starvation effect
15 of conventional CMP systems by providing slurry directly under the wafer edge via slots 408,
which are adjacent to the wafer 406. These slots 408 also allow enhanced in situ slurry
mixing in cases where the components are delivered separately. As a result, the front process
unit 402 substantially improves uniform slurry distribution under the wafer 406 and increases
total removal rate. Further, this arrangement reduces the slurry consumption due to the
20 enhanced slurry distribution.

The slots 408 and 412 and channels 410 and 414 in the front and back processing units
may be arranged in any suitable manner to facilitate the supply of slurry and/or cleaning
chemistry. For example, Figure 5 illustrates a perspective view of the front processing unit
310 in accordance with one embodiment of the present invention. In the front processing unit

25 310, a plurality of channels 512, 514, 516, 518, and 520 are formed to supply slurry to a
plurality of slots 502, 504, 506, 508, and 510, respectively. The slots 502 to 510 are formed
on a lower portion 522 of the front processing unit 310 to receive and supply the slurry under
a wafer. Preferably, the slots 502 to 510 are formed to be within the lower portion 522 of the
front processing unit 310 so that outer edge 524 of the front processing unit 310 is uniform in

30 structure. The slots 502 to 510, for example, may extend about halfway into width 526 of the
front processing unit. It should be noted that the slots 502 to 510 and channels 512 to 520



15. The CWP systemas recited in claim13, wherein the first process unit

I ncludes a first controller configured to apply a pressure anﬂ?Rﬁﬁiﬂkﬂn on
the first process unit and wherein the second process unit inclutes a
second controller configured to apply a pressure and position on the second
process unit such that the first and segpnd process units align to the to
polishing surface of the polishing pad. 16. The CWP systemas recited in
claim15, wherein the first process unit further includes a first arm

arranged n‘iag G Rir¥ngdel 8n PG Stithiflc 3hnBOR) Facitatk fs@PPIY o8 shuirfys inde@nat wadet.eFopn
the front process unit ahd wherein the second process unit further includes
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systemas recited in claim13, wherein the second process unit includes:
pl ur al i5t pf gleaning ehrinistin Andpeslisy.med in t he second process unit for
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channel s for cleaning and polishing surface of the polishing_gad. 19. The
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pad 606. The presence of the front process unit 604 moves the high pressure edge point away
from the wafer 606 to an outside edge 610 (i.e., leading edge) of the front process unit 604.
Similarly, the independent front process unit 604 moves the low pressure zone 612 away from
the wafer 602 to a location near the outside edge 610 of the front process unit 604. Thus,
15 when a downforce inidcated by vectors 614 is applied, the normal pressure vectors 616 under
the wafer 308 are substantially uniform in magnitude and direction. In this manner, the front
process unit 604 effectively masks the edge of the wafer 602 from undesirable edge effects by
transferring the edge effect from the edge of the wafer 602 to the outside edge 610 of the front
process unit 604. Eliminating the edge effect under the wafer 602, in turn, allows slurry to be
20 provided more evenly under the wafer 602. Accordingly, the planarization efficiency of the
wafer 602 is substantially enhanced. Likewise, the back process unit of the present invention
reduces the edge effect under the wafer 602 in a similar manner.
The outer edge of the front or back process units of the present invention can also be
configured to further improve the planarization efficiency. Figure 6B shows a cross-sectional
25 view of a section of the wafer 602 and the front process unit 604 that are arranged to reduce
the edge effect and suppress pressure waves in accordance with one embodiment of the
present invention. The wafer 602 and the front process unit 604 are placed on the polishing
pad 606 and operate to independently align to the plane of the polishing surface 608 on the
polishing pad 606. The outer edge 650 of the front process unit 604 is shaped to minimize
30 pressure. In the illustrated embodiment, the outer edge 650 is rounded to reduce the pressure

so that the formation low pressure wave zones under the front process unit 604 is minimized,



18 20. The CWP systemas recited in claim 13, wherein the first and second
process units are configured to retain the wafer during the CVP process.

21. The CWP systemas recited in claim13, wherein outer edgeéﬁéP“lﬂgmfirst
and 5 second process units in contact with the polishing surface are
rounded. 22. A chem cal nechanical planayizing (CWP) system for planarizing
a surface topography on a wafer, conprising: a polishing pad having a
polishing surface for planarizing the surface topography of a 1o wafer and
bei ng arranged. to o I: .spnechfi g | Qhe fer carrier for

hol di ng éﬁedg?yoﬁugg?rnegn\{’?%dég%\gl?lgd?& rllgliaglgatpo (?qﬁ@fli ‘ﬁgfe‘sg‘? "ace of the polishing
pad; and a fi rghildnBe gaeseNiihvediicp dme dbenodesdribed iifi Stermordfi suvend proferredf er
facing the first direction and arranged to_align to the poljshing surface
of the pémbsHimtHadWilhbeprRieaped dhat ithese pkilled 1A thegrf upgn rooping, Be BEecedige 23,
The OVP Sysdifithidfs ' 8 Silyidk Ghé! dRadines WORH Clellidd S, aNBLE alfeRlifoh ! abifbhiles 2
retainer fing arranged to-retain the WAf erin posi tion during the

processi pgrmBtidh. anthequihdlersy sheeenfas Itr ®cthérefbré rintehdeidmha@ thef presdnerinvention
conprising: a second Froqess tht di sposed aro%gd a ?econdg@?rthpn of the
vaf er opptdydes alhwichafteralipey idiHons, PErRURNN. Mcbepdalont es B wyhiathefied to
alignto i-shi of the polishing pad i ndependent of the

waf er duFPﬁga?ﬁgkégﬁpgfggéégﬁﬁg, wherein the aligned first and second
process U#kdiss dabrsddanti al |y reduce edge effects on the wafer during the CW
25 processing. 16 April 2004 19 25. The CWMP systemas recited in claim
22, wherein the first process unit includes: a plurality of first channels
arranged to receive slurry; and



a plurality of first slots formed on a bottom portion of the first process
unit adjacent to the wafer and being arranged to receive the F‘%ér r.l?/ rough
the first channels, wherein the 5 slurry fromthe first slots pﬂ % I'ded
under the wafer for planarizing the surface topography of the wafer. 26.
The CWP systemas recited in claim22, ywherein the first process unit
includes a first controller configured to apply a pressure and position on
the first process unit and |0 wherein the second process unit includes a
second controller configured to appl yj2ajg§ssure and position on the second
process unit such that the first and Second process units align to the
polishing surface of the polishing pad. 27. The CWP systemas recited in
claim 26, wheriei n tAie eligg dhstapilige suppuwsing f dovidee forl Gsd | plaesizingf ar strfage m
arranged to apply the pressure and positjon fromthe first _contraller, on
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P pad independent of the wafer during the CMP processing, wherein the aligned front and back

process units substantially reduce edge effects on the wafer during the CMP processing.

15 2. The edge instability suppressing device as recited in claim 1, wherein the front
process unit includes:
a plurality of first channels formed in the front process unit for receiving slurry; and
a plurality of first slots formed on a bottom portion of the front process unit adjacent
to the wafer and being arranged to receive the slurry through the first channels, wherein the
20 slurry from the first slots is provided under the wafer for planarizing the surface topography

of the wafer.

3. The edge instability suppressing device as recited in claim 1, wherein the front

process unit includes a first controller configured to determine a pressure to be applied on the

25 front process unit and a position of the front process unit and wherein the back process unit
includes a second controller configured to determine a pressure to be applied on the back

process unit and a position of the back process unit.



arranged in a sem-circular ring shape around the first portion of the

waf er and wherein the second process unit is arranged in a sem-cifcul ar
ring shape around the second portion of the wafer. 5 31. The Wpél%qc@m as
recited in claim?22, wherein an outer edge of the first process unit in
contact with the polishing surface is rKﬁJnded. /NI & NI &/ NI/ NI / NI &
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process unit includes:
a plurality of second channels formed in the back process unit for receiving a cleaning
chemistry; and
15 a plurality of second slots formed on a bottom portion of the back process unit
adjacent to the wafer and being arranged to receive the cleaning chemistry through the second

channels for cleaning the polishing surface of the polishing pad.

7. The edge instability suppressing device as recited in claim 1, wherein the front
20 process unit is arranged in a semi-circular ring shape around the first portion of the wafer and
wherein the back process unit is arranged in a semi-circular ring shape around the second

portion of the wafer.

8. The edge instability suppressing device as recited in claim 1, wherein the first

25 direction of the polishing pad is linear.

9. The edge instability suppressing device as recited in claim 1, wherein the first

direction of the polishing pad is circular.
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11.  The edge instability suppressing device as recited in claim 1, wherein the front

and back process units are arranged to retain the wafer during the CMP processing.

12.  The edge instability suppressing device as recited in claim 1, wherein outer

10 edges of the front and back process units in contact with the polishing surface are rounded.

13. A chemical mechanical polishing (CMP) system for planarizing a surface
topography on a wafer, comprising:
a polishing pad having a polishing surface for planarizing the surface topography of a
15 wafer and being arranged to move in a specified direction;
a wafer carrier for holding and rotating the wafer on the polishing surface of the
polishing pad,
a first process unit disposed around a first portion of the wafer facing the first direction
and arranged to align to the polishing surface of the polishing pad independent of the wafer
20 during CMP processing; and
a second process unit disposed around a second portion of the wafer opposite the first
portion, the second process umit being arranged to align to the polishing surface of the
polishing pad independent of the wafer during the CMP processing, wherein the aligned first

and second process units substantially reduce edge effects on the wafer during the CMP

25 processing.

14, The CMP system as recited in claim 13, wherein the first process unit includes:

a plurality of first channels arranged to receive slurry; and
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15 The CMP system as recited in claim 13, wherein the first process unit includes

a first controller configured to apply a pressure and position on the first process unit and

wherein the second process unit includes a second controller configured to apply a pressure

and position on the second process unit such that the first and second process units align to the

10 polishing surface of the polishing pad.

16.  The CMP system as recited in ctaim 15, wherein the first process unit further
includes a first arm arranged to apply the pressure and position from the first controller on the
front process unit and wherein the second process unit further includes a second arm arranged

15 to apply the pressure and position from the second controller on the back process unmit.

17. The CMP system as recited in claim 13, wherein the first process unit further

includes a conditioning unit for conditioning the polishing surface of the polishing pad.

20 18. The CMP system as recited in claim 13, wherein the second process unit
includes:
a plurality of second channels formed in the second process unit for receiving a
cleaning chemistry; and
a plurality of second slots formed on a bottom portion of the second process unit
25 adjacent to the wafer and being arranged to reccive the cleaning chemistry through the second

channels for cleaning and polishing surface of the polishing pad.

19.  The CMP system as recited in claim 13, wherein the first process unit is
arranged in a semi-circular ring shape around the first portion of the wafer and wherein the

30 second process unit is arranged in a semi-circular ring shape around the second portion of the

wafer.
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22. A chemical mechanical planarizing (CMP) system for planarizing a surface
topography on a wafer, comprising;
a polishing pad having a polishing surface for planarizing the surface topography of a
10 wafer and being arranged to move in a specified direction;
a wafer carrier for holding and rotating the wafer on the polishing surface of the
polishing pad; and
a first process unit disposed around a first portion of the wafer facing the first direction

and arranged to align to the polishing surface of the polishing pad independent of the wafer
15 during CMP processing.

23.  The CMP system as recited in claim 22, wherein the wafer carrier includes a

retainer ring arranged to retain the wafer in position during the CMP processing.

20 24.  The CMP system as recited in claim 22, further comprising:
a second process unit disposed around a second portion of the wafer opposite the first
portion, the second process unit being arranged to align to the polishing surface of the
polishing pad independent of the wafer during the CMP processing, wherein the aligned first

and second process units substantially reduce edge effects on the wafer during the CMP

25 processing.
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26.  The CMP system as recited in claim 22, wherein the first process unit includes

a first controller configured to apply a pressure and position on the first process unit and

10 wherein the second process unit includes a second controller configured to apply a pressure

and position on the second process unit such that the first and second process units align to the

polishing surface of the polishing pad.

27.  The CMP system as recited in claim 26, wherein the first process unit further

15 includes a first arm arranged to apply the pressure and position from the first controller on the

front process unit and wherein the second process unit further includes a second arm arranged

to apply the pressure and position from the second controller on the back process unit.

28.  The CMP system as recited in claim 22, wherein the first process unit further

20 includes a conditioning unit for conditioning the polishing surface of the polishing pad.

29.  The CMP system as recited in claim 24, wherein the second process unit

includes:

a plurality of second channels formed in the second process unit for receiving a

25 cleaning chemistry; and

a plurality of second slots formed on a bottom portion of the second process unit

adjacent to the wafer and being arranged to receive the cleaning chemistry through

channels for cleaning the polishing surface of the polishing pad.

the second
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31.  The CMP system as recited in claim 22, wherein an outer edge of the first

process unit in contact with the polishing surface is rounded.



