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wafer. Because semiconductor circuit on wafers are commonly constructed in
layers, where a portion of a circuit is created on a first layer and conductive
vias connect it to a portion of the circuit on the next layer, each layer can add
or create topography on the wafer that must be smoothed out before

30 generating the next layer. Chemical mechanical planarization (Oxide-CMP)



of the entire surface also often clears sonme spots of the wafer faster than
ot hers because of the different material properties. The uneven cl earance
resul ts iwooespzd i shing of certain areas of the wafer. Addintusonagosy,
various material processes used in formation of wafers provide specific
chal l enges to 25 providing a uniform CM3_polish to a wafer. Certain
processes) such as the copper dual danascene process, can be particularly
sensitive to the overpolishing that may occur in polishers that
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cofgguni cat i opplijd@ffiret ween the mcroprocessor and the individual
conponents of the polisher of FIG 1; FIG 7 is a top plan view
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due to the different types of materials deposited on parts of the wafer or the
20 density of materials on a certain portion of the wafer. Simultaneous polishing
of the entire surface also often clears some spots of the wafer faster than
others because of the different material properties. The uneven clearance
results in overpolishing of certain areas of the wafer. Additionally, various
material processes used in formation of wafers provide specific challenges to
25 providing a uniform CMP polish to a wafer. Certain processes, such as the
copper dual damascene process, can be particularly sensitive to the
overpolishing that may occur in polishers that simultaneously polish the entire
surface of a wafer.
The trend to process larger diameter wafers has introduced an
30 additional level of difficulty to the CMP process by requiring uniformity over a
greater surface area. Using traditional CMP techniques, in which the entire

surface of a wafer is covered by the polishing pad, larger diameter wafers



FIG 10 is a fixed-abrasive rotatable polishing pad for use in the polisher
of FIG 1 according to a second preferred enbodinent; 30 FIG 11 is a

fi xed- abnweioyessed at abl e polishing pad for use in the pol ipstrarSoofissss G 1
according to a third preferred enbodi nent; WO (12/ 053322 PCT/ USQL/ . ~8GS8
-4- , FIG 12 is a fixed-abrasive rotatagle polishing pad for use in the
polisher of FIG 1 according to a fourth'preferred enbodinent; FIG 13 is a
non- abr asi ve rotatable polishing pad for use with a di spersed abrasive in
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polisher of FIG. 1 according to a third preferred embodiment;



may be used. One or nore wafer lifting shafts 34 are novably positioned
between a recessed |location within the wafer head and a position extending
away froWweo@ky0Ma?2er receiving area 30 of the head 20 to aPSTASOI/MBEDadi ng
and unl oading a wafer froma wafer transport nmechanism such as a robot.
Each 25 wafer lifting shaft may be operated pneunatically, hydraulically,
electrically, magnetically or through a% ot her neans. In another preferred
enbodi ment, the wafer head 20 may be fabricated wi thout any wafer lifting
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additional removal rate flexibility to an existing wafer polisher system.
25 A preferred embodiment of a wafer polisher 10 is illustrated in FIG. 1.
The polisher 10 includes a wafer carrier assembly 12, a pad carrier
assembly 14 and a pad dressing assembly 16. Preferably, the wafer carrier
assembly 12 and pad dressing assembly 16 are mounted in a frame 18. The
wafer carrier assembly includes a wafer head 20 mounted on a shaft 22
30 rotatably connected to a motor 24. (n a preferred embodiment, the wafer

head 20 is designed to maintain a rigid planar surface that will not flex or bend
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FIG 5A, the pad dressi ng surface my be conpl etelé covered with a fixed 20
y

ab2&si ve nedwafepliffogishad may bereperated pnesrmaiicatiyntlydradlically, electrigallgm and

magnetically or through any other means. In another preferred embodiment,
the wafer head 20 may be fabricated without any wafer lifting shafts 34 and
wafers may be loaded or unloaded from the wafer head using a vacuum
assisted method.

30 Referring again to FIG. 1, the pad carrier assembly 14 includes a
polishing pad 36 attached to a pad support surface 40 of a pad carrier
head 38. The polishing pad 36 may be any of a number of known polishing



D anmonex. In addition, a plurality of orifices 72 for transporting a fluid)
such as deionized water, slurry or other desired chem stry spray, are
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cl e®dn pad 76 doesavsitrbquirgantabofisivéeohtaningshary. aAﬂhwgiatha;d:amrhetbr of the

di spensing orifices 78 s|t| al ong .t he cle ection e cl ean
pad may be a%’&?'&‘ﬁ‘@rﬁ%j fSePi PRSI tpop bt Y 456 Sarbas Al

Cor por ati on. may
contai n a st TS qtihe WERSON, i aRicE Yatioh of (RS PoRnG £a8 MY Wakst

anot her radi useaodtemplated| Irt gne@enfdadiment, ithe pehslﬂng p@dm@may' bal ar to the

strip of nylon brushaddlarmgrredla ssh C.. Anot her

pref erred . enfGOUWRERE IN 16 1aNGeQ 't’%&'%enolﬁﬂng aterto Anaigatwice
sulgt ance 86 jsgaRRshé Hpted Rg WRRBOSPLE d?éb%rﬁgaétsrf@éeé ﬁ@vnﬁgrér?&r%a%bfera
plurality of flurd orifices 88 and a clean pad are each positioned on a

respective ofteamthatiof the weifei lmgytbmadﬂarrta@ewsﬂo amu@ﬁfdra@wermylgefofa 15
nunber of confi ura ons ob abra ive nat <[Pn {&1 abracli_?Eﬂ ar%ﬁ% Edhtl on
pad) a fl ui d"E‘% etﬁ"f@' i P JPB?X%mB M lyalgns yhar OHRMEiA
Addi tional 1y ig ﬁrave'aqhtaaﬁulaﬁnér &ﬁéﬂuﬁﬁﬂ@@b&ﬁioﬁ&hé Ic@hﬁbrrmé@o%mﬁg PEEOff of
polisher 10 of FIGS. 1-51s preferably configured wth the wafér carrier

assenbl y and greithatyiearyiling faﬂ@ed‘lﬂeji\NEan ity cantes op thenwaferengd thencgiter 00
between their, res tive sur above e Co: narity may
be Thanual Iy dap FeRaeny ng Sieas; e mhgles Whatd hide bABARREITEAY oo
waf er carri erdré@sﬂﬁ%%"eéd% @Bﬁfeﬁlﬁfblﬁtd@p%é bEPef B2 FadParesshichdads fsadi al |y as

possi bl e so that the maxi num anount of J)Ol ishing pad material wll be

condi ti oned. PPelerablisiufiicientdonentiive a1d swepgrathaipelishingPrdateds | arge 25

enough, and positi@ne r
entiire polishing pa 3@%%&%@%#8%3 af?gg?eergwag%ar?% éttéeér %‘?'ﬁpfé&%ﬁ?ﬁo he pad.
I n ot her enbodaleearicsienaletdq 46 mationds esaitogl chenvigeed8maihdolishdnger

condition the sane or different gortlons of the p S | terpative
padir essi ng REptssabiraliows fopinterg ﬁﬁ@@a@fltYé%ﬁfwesad)aér%%hB ‘g%gﬁtﬁ%/t%y be

o 2red 50 G M oSSR Mg g eRy ol

arrayed in any othe
wafer heads and any associated types of abrasive polishing chemistries.

As shown in FIG. 4, a pad 36 may receive abrasive slurry through
passages 50 from the pad carrier head 38 and tool changer 44, 46 that are
25 fed by one or more slurries applied lines 52 that may be within the spindle 42.
The spindle is rotatably mounted within a spindle drive assembly 54 mounted
to a spindle transport mechanism 56. The transport mechanism may be any
of a number of mechanical, electrical or pneumatic devices having a
controllable reciprocating or orbital motion, or a rotating arm mechanism, that
30 are capable of moving the polishing pad to a plurality of discrete positions on

the wafer during a polishing operation.



-10 PCT/USO1/ ~86s8 In a preferred enbodi ment, each of the wafer carrier,
pad carrier, and pad dressing assenblies may be constructed havi ng heads

t hat ar e wion2/g333al ed. |1 n anot her enbodi nent, the pad car A@EYUSIdAHSBay be a
gi nbal ed head) such as those commonly known in the industry, to conpensate
for 5 mnor inaccuracies in the alignnent, of the interacting wafer surface)
pol i shing pad and pad dressing surface. Also) the wafer carrier head and
pad dressing head are preferably oriented with their respective surfaces
facing in an upwar [ ' ' ' war d.
An advant age of thﬁégﬁgﬁ‘ ?rlé QQV%%{% %@BE)Q ?%ﬁﬁi ?%6'5%%?6 f@%gé;%ﬁé;é@?sst}%%

i nproved i n- gpddi36 wrf theepdiBhimspas thvier head JBand itdeidesigre tenaliodv fact
*supply of liquids to the wafer surface. In other enbodi nents, the wafer and
pad dressing W@&%@‘F“&ﬁ’&tﬁ%‘ép'ﬂﬁﬁdﬁ ‘HQV%é*be palishing p?ﬁéﬁﬁ’?r%w pwayrfiamthe
parallel to - i , } e

‘conpl etely rj&léﬁ%ggﬂzé @éwalo% g"’r%:ﬂnagss y% ggfaélg%&a&@ﬂgd%@gﬁmgﬁcf e%é@'% to
dressi ng sur ftheevdfec dagnd @MP gropessing.g ltalsd abowp easy @ardesn $d Hid phdon

constraints. As shown.in FIG 6, the polisher 10 is coptrollabl e by a
mi cr opr ocessdrariebad aciifipsassmbly auterralie replacement Pﬂhlf BelsiingRad! e

menory 67. T i, RS td ; 1S t : 1 nm{er
speci %‘/i c pol |h§rk]1¥ %ﬁg&és%%e%@im? @%09%%3@24%%;8@&6%@& cgﬁg{(ﬁ%a lyégsﬁger ased
on a conbi natsumh af isA0saxpir thiei R E SP' palicher availableefroemiszm Resemricht ai ned by
t he various c onents. of the li.sher. These paraneters i.ngl ude

r ot a;/i olna:J. sp‘ggﬁ’oﬁ?t"?%‘ m?%‘ﬁ)%iﬂg'aﬁ ey lﬁ%u ﬁﬁ??\ﬁ&f’@?‘pﬁ% tl!p’)'égagf'e-srg’?ng
congpnents, Pé}_ﬁhalb(tflérfs?fo?ﬁm'eﬂﬁ&ﬁigﬁﬁ 56 My nghm%mm{)@r 8f meRnapRemBry 54

radi al pad position information fromthe spin | i near transport mechani sm

56, and 25 podlestiicabdevioes aspatlierafdiansgoliing the spidiarinl aadifestiondcaplapardoess
by information fro end point, detector 61. . The Uis preferably in
communi cat i ort 'W#é]é&gﬁ)emg Pﬁlés*l‘ﬁdrf 8#5&“"@8%%#&%?9@'”9 I?@de:g(% P@Y_et?. Wth
reference to phagisef) p6&iaondd a8t 'dseRbtdd) ifreltired  fe @By PREkakron of the
polisher is described below. After a wafer is | oaded onto 'the 30 wafer

carrier, the lpedtiegnalemgoadadivs pbite wafan\Vt he spindl e drive assenbly such
th l'ishi d I .onl . ti t.he. . f

shotin i FI'G 7" AR RS RREd e Bl e EE ot iEhdl Cover
the WO 1124djdse@d3 tRe W4tk B68/ricB Ga8embly and bpeesitd tHhgadehaterwi t h t he

pad, the pad is preferably only covering, and in contact wth, a_portion of
the waf er surdsgeanbly %ﬂ%waﬁ dresging Aassembly Hois desigaed toerepdde émsily pad

that is not c i e [ Vel i ct with,
t he. surface o?ﬁ/(ﬁhtg%ashﬂdsroi@g[ﬁ’%ﬁiggé%ﬁe‘{/ﬁ%réﬁ@% [gcgllsg\%eg @Q(gc')sl}]ﬁag%@c?? t he

pol i shing pad rot alnasn@BehhydiReRE tg 8izasdf the petivé sarfate Bi8cofithbgiddng waf er,
anot her portion of the polishing pad is rotati.n tgai nst the rotatin

surdice of t HCERRAASESEMIY 1895 Brplejanly subsiEntia piasmiherAreadt!i B ng
pad during thg, frfq’ %BH.OEI‘?%S&\«{;% siticBat ths gaa'&asaﬁg%bmq&m S8l used
conai , Or eve

to clean and n the pad after wafter processin n 10 used both
during and aflaegenmfsmalfardbas $hengredPokther pdiishingheacint other pohbadimegtpad i s

utilized in this..continuous process of i shing and pad gonditi oni ng.

bref erably. (RATHGNALAHE PSS pRsRae R elss RanFagebRbtnG FolaliRs | n

uni formty onggiyedsah-diherei®odidents. This function is achieved by first

obtaining profile information on each wafer and then calculating a

pol25hi ng 15 str at Begfefahly.ithe padl drelseingtassedihie 36 hasea purface SBaroplanar

non-uni form t\Bvﬁﬁ tt?é s %Qe of the wafer W being processed The size of the active area of
the pad dressing assembly is at least as great as that of the polishing pad 36,
consisting of a single or smaller multiple heads). The surface 58 of the pad
dressing assembly 16 is affixed to a pad dressing head 60 attached to a

30 shaft 62 rotatably mounted in a motor 64. In order to assist in maintaining the

planarity of the pad dressing surface 58 with the wafer W, a plane adjustment



wafer. The wafer profile information may be obtained fromearlier
nmeasurenents determned in processing earlier layers of the particular

waf er, omwomyoisezneasured expressly before the wafer is pPOTASITER6SANY one
of a nunmber of known profile measurenent techni ques may be used to obtain
the 20 necessary profile data. For exanpje, a resistance measurement using
a four point probe, or sound speed neasurenents, nay be taken at points
fromthe center of the wafer to the edge to determ ne profile properties.

These property I é‘(?@,i i 1 I YA asur ed
properties oweﬁ;‘g% ?gh@ﬁg%ga%s( oréﬂggéaﬂr;glg , SEthR)é‘t %quﬁddeﬁsi}hs i ng
response 25 asserablyol& points along the radius of the polishing pad) to
-cal cul ate the bes ol i shing sche e.0.,.pplishin ad h, rotational
speed of the waf _ei“ _gﬂ% %%r‘a?&mﬁm’r@g&éa%%Bﬁiugﬁﬁ?ap?ﬁgh_ga&"g)%d“’f‘}’?P& %t each
poi nt on theni%%hbﬁleamae%bhhaﬁ%y%@lg@sén@é,eadj@%au@tdoaﬁﬁenéatéir@rm heher

menory for execution by the CPU. rior to) "and after, polishing the
waf 8r, the weamatidns, sndgetiphfened3betwearheMipercesaing ieinsads Ol giterpative

The vl or t oeBIPOBANEIES MA SO FIPHgMEOBBLoM MaptsAbagis
PCT/ USOL/ - ~SheRahieafty S ex@efridaluy hﬂ,ee%via@pg@@s a8t Sprity bt pibanatef er) it

is preferred that the wafer, polishing pad, and pad essing surface all
rotate in thoylbutes, tiat contiomously pets @oupwesd prasuss ondhatpaskdnesgingect i ons

oha be var chest A Wi BiasRETar e naE arr AP ednn 3% ORI o ¥
pokpshi ng SCEEH‘Hré%iHQ%Hﬁb@% afhtainereLPad arshsimesuaaes in a coprpeir! ¥

mounted in the wafer carrier, polishing may progress according to the
pr edet er m netelpionsitip ngthsthieanafer YW eneunted oar the Waler satrialrassenily ddr flace

pad, 10 war eV oeatopahcomelTehC S e By bt bRueh. AEhgTRERE" 0" 11
revol utions @ébar“étél?trﬂaiéﬁt-édjmﬁable%tyaf@'ﬂﬁéyﬁbé uead @b adpisttthe prinespeibds and
rotational speeds of greater than 700 r.p.m _ are also contenpl ated. The

| i near transpédtdrassingsusiaceand/erthepyvaigr eatfien hegd thowithribe wafer 6armiehe pad

asdBmor y w1 PO 17 R e ARG5IAY Rhad OF nILEE ABPOlAT 3R BFCTRET 27

and the desi bedrifg s $hebe Suppblicg by theehaft 62hlong. pad preferably only
covers a portion of the wafer and continues todaolish Tfj?!e vvaffr antil t he
desi red pol i shi ng Rafagingte =G 24D, sexed £A3pdingRisPlgrelered pads

i nspection s ] j . ' HAd 63 are §hdbwn. dn) having
one or nore %‘J?%s‘;‘]sgﬂnq t@{?gg%ég@ég@gpéﬁg gge%%l,dr%rce)rgrﬁhﬁi cates 20 wi th t_hg CPU to
provi de i n- sFI@. bAf tirenpad dnessing barface syl gy compiptelycdvered withtaafiged- r egi on
of the wafer and.to update the original polishing ti esti npte. f a
nufer of kn&RARYR a%ﬁs’i}é‘t?%ﬁﬁ'gﬂaae 0] W?ﬂlf)é}ﬁ\’q'%‘&?l%&?%a@pgné)
(optical, acejishiohex! G oIt ANBY oS RER! 72y A tralpbiry #AREBERT ned
pol i shing st %?@g@eﬁnJﬁggagpﬁ?g%mc{d e%'f:”ﬁ”i ndi vi dual vvgf errfgJ t he 25 si gnal

f r om sur f ace aisrdsienized watensluray obethes desired chemistpesprayustadispersed he ti ne
spent by the polishi nﬁqﬂ_gaad at each location. After polishing the first
region of th&@clRssthe G% near index nmechani sm noves the polishing pad to
the next position @fasie $iese eothegtd\@reabinghaisently nigtomsistidfea

pol i shing pad preferably maintains contact with the surface 30 of the wafer
as 2% i s noveingle dressingfeatueglisstich@ssa diaspondraeateddnale 9 Paghiqrdnaye

pol i sher may npye.t 1S hi: ] [ it Lon. e edge
of the poli sﬁgﬁa%bgggs({%’gw@ag&g? Egg\é%%? ¥ 88% log ﬁ?%ﬁe’?‘?@éa‘%ﬁ;ghﬁlﬁnt
positions  \WebletO&RBAAinREATs| s Burf/ESS thé Pad dreadingl Headisadiviliedrint he
.center in consecutive order until the wafer ed{g)(fﬁj s ,reached, the profile of

a particul ar SRgfiens ARy indudes @ sl ¥3gees BiANAE geprpqﬂ ?Cf"éj_ri@?ﬂmai rections
or in non-r adi@lio Al Hinn S0k ARAEHELEtnld bHruStPhhd SpPRPUAH! a8 ATt

Wi th the edgé obot]‘%’e polishing pad at a point In _
30 other types of known pad dressing services. Depending on the desired pad

dressing performance, each section of the surface of the pad dressing head



5 ~ the center and edge of the wafer and the polisher may nove the
polishing pad to positions along the wafer radius toward the edge, and

fini shi ngvioe/ms3d2¥ i nal polish with the edge of the pad at PCHAOEM6E$ of t he
waf er. During polishing) the polishing pad is preferably constantly in
contact with the surface of the pad dresg ng assenbly. The pad dressing
assenbly 10 conditions the pad to provide a desired surface and cl eans

by- products generated by the polishing process. The abrasive material on

t he surface @rgfé r i

surface whil ?8&2‘?&’5?&%@% elﬂﬂi@%?g&grﬁ‘g@{%gﬁd u??‘géﬁéﬁc té{%&ggfaq\d

cl eanser is syp/dged motiongnd adiqord $upgeyg port. t he surface and agai nst the

-pad. 15 Using the Uto nonitor._the pressure applied b he spjndle to the
Bad carrier %ead _a(g'ﬂpSEBWf‘r‘BerI}a:‘bp@B?ﬁE?édfﬁ%s“b%gglfﬁ??l_ y%\%‘é‘%la K9t he
waf er, the poéurgarvagzﬁ%gﬁgr%s%ﬁ eﬁmﬁ&#ﬁ@@n ﬁﬁewm%n@ﬁ{@r A of the

"indi cates that the poli egi on. Upon recel ving
i nf d&r mat i on fstwfacehandrah arrpyohfluidedispensing vhificE&PU8i pusitianedsalohg tsictedine

| t han| 6 to 20 radiall e the poljshi d with
respect (ot IR of i FiEAR Ma it AP RBeH oL ydnaa kg Fom  he
center of theawsbble RO REGHISCOHPorafor eI artiRE} BfefbREH @ntbdifih ,Viﬁgeﬂad

Preferably, the pad and the wafer maintain contact while the pad I
Wi t hdr awn r adirebsipgtsoniacesmayi eootiie acdtrip lof diehend grih8@, anglosrbragh 82

enbodi nent) the.spindle |inear transpor chani sm 5 si,nply 25 index
in discrete sRoés&cp ‘%ﬂ;a@‘?frr@%&%?mﬁ ﬁﬁ%ﬁﬁ&e?%gpgﬁfg‘éﬂbgpnbodi nent, the
spiqyll e mechagdrpBh&RuER Mo thE SiipPE! NASH bRYSH Ah@ BfarAdild Pesdih lRthatin Byl
forth in a radial manner about "each i ndex position to assist in snpoth

transiti ons HEwdaethr preferredembodimentis ilugteated imFpoPBewherding fimatt-, t he

| i near spi ndl Spor C i sm. ve Jn discrete ste mayj nt ai n
t he spindle i%’é%’?i@@#ﬂ&%ﬁ%&‘ﬁ'@#i& ggl%p§§l(t,% qg@@BFsa ﬁthﬁa%&?qf ewfa#]e a
pol i shing pad phedlity of Alddelifidds®8 bhe L8R Padfo0 aiabhem pasitibRed Bl 4 shi ng
pad carrier to provide an oscillating-type novenent WO U2103322 -14

PCT/ USU1/ ~RC3gSBectivecone pé theateragisinchiavananaiters & the suppeesnfnyada t he

w1t ar Sth R AR oA R R b e RIE B e
dressing assqidd,\ filiaed ringeahé padobntifer csdr pad ReateAdiswhay berutiligedt fir st
across the wafer. _and then into contact 5 with various portions of the

surface of tH¥gHenallye a8y syitabledisdyabrasivee) fiuig shayibe weg¢dbe configured to
allow for the pad §g, ?8@“5‘1‘6 ¥ PSS | 7B ig :bfe;/f\é%tﬁ? Coﬁﬁ L wit' hP@dter,

preferably indexes between various parti ovef ["appr ng posi ﬁl’ons Wi t h,
respect to tleardef @asseémblysridspad dréssingassamblydesingd cogplenaptelaticrmhgmce or

materi al thickness ofile. Advantages of this, 10 configuration and process
e tho RSNEE e FoShactiyh HE ER A% POVRIGH v, U RoPANa/RY

annul arpor tignmauallPRcIEd of Soltiiidifo0 85 Sheltfld desshigtidd and avoi d

non-uni formty and over polish prob ften ass ated wth polishing an

entire surfaosafef carneafheadsanepreferablyghositiched aeclosetegether radialbyas | appi ng

configurati Onpdas%lfbmé ts?) tﬁ.iam”et r%gﬁwgmaanrgount of polishing pad material will be
conditioned. Preferably, the surface of the pad dressing head is large

25 enough, and positioned close enough to the wafer carrier, such that the entire
polishing pad is conditioned after one complete rotation of the pad. In other
embodiments, multiple pad dressing devices may be used to condition the
same or different portions of the pad. In these aiternative pad dressing
embodiments, the surface of each pad dressing assembly may be arrayed

30 radially with respect to the wafer carrier head, or may be arrayed in any other

desired fashion.



15 conti nuous, whol e-pad inspection and in-situ pad conditioning. Although
a single pad dressing assenbly is shown, nultiple pad dressing assenblies
may al so weoz/opBerent ed. An advant age of the present pol i $EEUSR044688 t hat
in-situ pad conditioning may be perforned sinultaneously with in-situ
surface inspection and upper |ayer thickgess neasurenentlend 20 poi nt
detection based on the fact that the wafer and polishing pad preferably do
not conpletely overlap. Additionally, by starting the overlap of the pad
and wafer at a poiffy &%f&r&?bﬁfbloﬁ@ntt B&ch af tswalert &arige| dagidisiepafd the
pol i shing pad may be ‘conpletely conditioned each rotation. Furthernore,
cost savi ngs pad;drbesmg raseleed)hby nﬁau Ibq consﬂrmqted@a\mg baad&tmt @IT e thoa-

- pol i shi d. U I d
s <ioni 11 canimyaied qernlie wneodimai. Beind Soritned0 iy b BRodthTace”

of the polishkag, Qé'@hb§ ttﬁ’c%é*@ém%{d %Hﬁd)\hﬂr?ﬂ\e |'n6u@ir§le(fo @ﬁas&hé@tetfér, the

‘pol i sher 10 shown in FIGS e used as a nodule 100 in a | ar ger
waf &r procesmmgr mﬁ@t:eraclammatbesamgmmelnhOfstb\eFlntEraetmg! waferesyiane polishirgG. 8,

| | du | inked h
e er " pr oces BPRGTE Sed Tastg PuRarRiser IEBRRTITr LS (5o dbdifiehtfesshd®
sem conduct ohenlatbpreferd Bl?cbrleﬂtéi WA ARSr reupdictive BOrERés $5888 H an

PCT/ US( 11/ ~SCS8 - 15 casset 12, that require planarization and
pol i shing. Aupwfed diregtieporhile hiecpad carrigapend facesidownwesths Asradvaitageiual

wafers fromt eftes fir I econd
waf er transpBFﬁ-'?g\f?i?r HB)?Obﬁg'ff?gant'%ﬁﬁigD T 55337%% '%%) e&% ﬁﬁ]‘g‘pﬁ%‘%&mdul e
upqp conpl et irﬁbe@iloﬁr@ﬁ@?ﬁiﬁi@ie@émbﬁ%r@ dirsct tsuppHublicRidsiRsthici watbrwi t h
respect to the pO|IS er 10 of FIG 1. The system 110 may have as nany

nodul es 100 aurfaeei fr@thes emae@wrwéhemf%em%paﬁdlrp§ﬁnad\e:@é‘§d'sm@ﬁhe he

f F | f
wafers o SUBIRE pREA R, A I BT BRI W S B o
used, and eagbchHised vamichbiplaaepar éve bmné@t@ya@%nsedcu al, pelistingydid e such

that the cumul ative effect of the individual pollshea would result in a
conpl et el y péacin@ewp apd wialerand pathgregsing syrkaes fasing dewn) ﬁﬁPe'ﬁf;Wl% pol i sh

at he | ast fferent pads or slurries could be used
1 g@ggé‘gang% l%@%ﬁ \5§J\:¥tralﬂfs

ach nodu ove W th respect to the polisher of FIG 1,

each polisher 15 Msh@NdWFr&yﬁ thempodsiper 1Gisi (mgitmildblmby Bemigroprooegsor he
use of a tool changer. This additional fl exibil ||'g1§£@ gqttal nabl)% f t he
system of FI €CP8)0n baged eRdnsiactigns stasad 1n HIpg pefBfe with

the spindle %t %ﬁ%%ﬁﬁyebe%f %@E APEAAE: fetatiity focwaféets\eeemcrgﬁﬂfehmg

aut.omatically w out nee | smantle thé entire system

I\/UI ti-conpar snhemqmuatarer eetereﬂaadcalculateﬁ bye usiefdased dry eenrrﬂm@tlmof and
pads 122 ma% p05|t| geg g s jacen% each o %(ig tt P rrmt ef ficient

ch gi ng of 1l PATHBSHYS 19 PESRATeY §F MAINETIGH Byithe, gd‘&u%arrler heads

having fresh g ts bf HdIgolRsHen! &rhesé QramREfRASIngdY intlfde Rtatioridl Bpbed

bar code scannl n te% ?H Fo Th% ngl ers having different tgges of

pads may be cdtla ogrrist !‘BﬂadiSrfbatl@cD%d vmfeeae@ pagddiressigg aomponamear ous

conbi nati ons of se

pl anari zat i oPOSft @9&5%%%15 ﬁ?bwgtﬂeffg‘ﬁifl?@?%%ﬁ%mt ,erﬁa‘af Y various
post CWP mdtﬂcﬁ,ﬂuol%fdrmatmremme@pmdwﬁrﬁeaman’emmthmemmmm may be
rotary buffers, doubl e sided scrubbers, or other desired post 30 CW

devizes. A t malighingrtime asypeinizised bidhe Cridandagiester ipRreaRssfyst o
modul es and RhAEAAbRIh Ind BRd Pl detSASFE1 | TheEPD BPreRRaNY iRNd cl eaning

is conplete.
communication with each of the different components of the polisher.

With reference to the polisher 10 described in FIGS. 1-6 above,
operation of the polisher is described below. After a wafer is loaded onto the
30 wafer carrier, the polishing pad is lowered by the spindle drive assembly such
that polishing pad overlaps only a portion of the surface of the wafer as shown

in FIG. 7. Although the polisher can be operated to completely cover the



PCT/ USCL/ ~81,8 In an alternative enbodi nent of the polisher of FIG 1, a
polishing pad constructed of a fixed-abrasive material is used where the
fi xed-abneeyessat erial is formed with a circul ar outer ciPCIUIeHsIge and
extends radially inward only a portion of the way to the center of the pad
form ng an annular 5 shape. A region |agking fixed-abrasive polishing
material is bounded by the fixed-abrasive material. Preferably, the region
| acki ng fi xed-abrasive polishing material is symetric about a di aneter of

the poli shi ngufage of fife Wattragith tkbad, thexsstt lrefarublyrarilg covéringcaraem t he
total surface area of the polishing F)ad) as conpared tg standard rotary
pads havi ng saptachmithapipertior pf thenwater stifaseratay grenmal Alpopd PYHPRg pad

hat may bo Apu BeffingbaLfE 8 st taRAd BRI, KSRk BRflofpfia =

downf orce avii taiaet vithmhichsurfrme sintie. pddd@ssing adsemislg. dillusdaswite shown
‘in FIG 9, the polishing pad 200 has an annul ar region 202 of
fi x8d- abr asi Pertas ef the nolishiangnad eotatas: a0d PrassesAIaiNs (PQtioARfithe

{1 xed. abr ast - RG STArBh oopuaA0h of Ao pBleiil By 1090IHAG s¥iddfeof 2

pol i shing pa havr rasive eri over a per eral portion

208 of the peastatingSaefateiof tivd Pad iesding tassembiftuicioantand: dendifioretheabr asi ve
material has a substantially ci rgéléar out er cjd_'cum‘ erence and defines a

central I _rEgi BRISIDgIRAEkAUING theswates PARFeRSIRR EhP A3 HTEESG g5y dhae of
ol | ohi ng. pado sk fo e afPEahAHBR O ol itk helfer plfocsikel of Riaf, |

suriDace ar eausédbictie dating @indeaftatweafieaprecebsaitanBeeferably theoswrtirerpalishing
characteristics of the, polishi ng‘ Ead. Pr ef erfbl Q/ﬁh‘,a reguced sur.face area

pol i shing pa®afdds sfilized wdthiy eont _ RTEGPSF OF BAREYISAN r‘Patdh(é) "i‘cr'a_eg- area
that wll contact Fﬁ'ev«‘%éﬂg, fife Iﬁl&@h%\“ﬂ(?% %‘ép%ﬁ@ 5€5tdrBSSiRg T8gioRal Pathtshs The
the polishi may d dt t

parti cul ar shape of ng pa e adjuste 0 nee
non- uni f or m fryuniéopmityeor @t wafeobyavater biasid. aFhipfovetion is Bohidvedebly &tstasi ve

e o RN oA e AN AR B oL o
f i 4gd-abrasi \ég%gétmggﬂﬁe btl\ifst%r% M dréSeiHeMFarBuhehidiformils edgor rom 3M

Corporation o nnesota. The fixed abrasive pads illustrated in
FIGS. 9-12 nmpfee Tdaevafdr pofidinfpmoation mayrbehebiinggl iemmgadiay of a nunber

of standard adhesi ves. U2/ 053322 -17. PCT/ USQL/ ~ n_the ann r
pol i shing pafeRRHSEIMRNR dé@’ﬁ"@ Qppﬁgsgpgeqﬁrg%rr Qg?fgﬁih%&a c%%ﬁngfee}'
preferably h%‘in@éyBéﬁﬁéaﬁlréﬂ@xﬁfe@f@éﬂre‘tﬁ@ﬂza%r iS@ratedsed enybagwrifer of
the wafers to be planarized. The thickness T of the annulus may be chosen

t o corr espondumber afiamowrermlitemesstezment teehnigates mag bejused to obtain the
20 necessary profile data. For example, a resistance measurement using a four-

point probe, or sound speed measurements, may be taken at points from the
center of the wafer to the edge to determine profile properties. These
properties may be used in conjunction with the previously measured
properties of the polishing pad (for example, the measured polishing response

25 at various points along the radius of the polishing pad) to calculate the best
polishing scheme (e.g., polishing pad path, rotational speed of the wafer and
pad, downforce applied to the pad, and time at each point on the polishing
path) and store these instructions in the polisher memory for execution by the
CPU.

30 Prior to, and after, polishing the wafer, the wafer lifting shafts 34 in the
wafer carrier assembly 12 are activated to lift the wafer from the wafer

receiving surface and transfer the wafer to or from the wafer carrying robot.



5 abrasive nmedia and the force application limtations of the spindle drive
assenbly, or the renoval profiles desired. Thus, know ng the pressure

requi renan092/033aer ent in the fixed-abrasive nmedia to obtaPETA[S01/#eEs

pl anari zation characteristics fromthe fixed-abrasive nmedia) and know ng
the range of force that the spindle driye_assenbly can apply to the
polishing pad 10 carrier, a thickness T is chosen to provide a contact area
that all ows operation of the polishing pad within the optimal pressure
range duri ngAYRf @lurifgane TMPDrot8sPOR epdtidune Rafet, s Phéefekmresthadthd he
annulus may be in the range of 0.5 inches to 3.0 inches. An advantage of
the reduced waférpelishiaa pag aed-paskdressiagpirfagsi allyobaigdn dhe spme: dicedpn. s

~that inprove i | .15 r f.Qr. ca i i orces,
typi cal Ty unchber saBbEaudra B RTaRer raitongpep b EMelta heiotitele.
Preferably, &hecdafttil rewiidealasseriysHhay oant fed bedueied mupbesllpr ea pads
‘of FIGS. 9-12 is the sanme as described above with respect to FIG 1. The
padd dr essi ngdHead agoartigylar pelisfieg 84y nunber of combi nations ‘of 20 abrasi ves
and fluid orifice I t r r 11 i i Skl
material on the po%?’fﬂ%’ﬁﬁh%g{ dé%hﬁgnsg:t’{ég‘? %ﬁ%@ﬁgﬁ@%&@ﬁrg@ﬁ@%%@gm
material froprdgeiypobustedia thedvafer aarries, pelibiiey aalyqubgredsractordiggdd thae

fi xed-abrasive materjal may al so be acconplished b %hi S thod to nmaintain
exposure of Predaiermined-nalishiyoachesae.ad hgdad. yyaier an pad AJTES%!BGM%@ of
the fixed-ab i IS0 d 4 r i's
| ess thant h@%‘?’ﬁgq@@%@? gqcﬁsﬁggl re%rabt%@%dgggéﬁgﬁggll sz%seg% fggmezg%d’ar ea
alfows for | wafeassd ppdesessing sorfhce app) bedh Hymrarge offe—Wlilerevblutioasgi ven
anount of force applied tqQ the pad carrier head. Ln ad)ref rre? en&)odi ment ,
a pressure oPeLBNRGEC{ERINY. FetY ‘g‘U“QHI%‘PE qf fetatiopakspeqas ang gmipfiaaek o t he
waf er surfac = f i i - i hshi In
Contrast ¢y gPoeySdf BredtErn R0 EBIMtd Abd BEnERMABIOLT, PRo liAPardaRston | 1
By using an awuhanismpdor thieadpitdie veill position ti® ebige/ df 168 322 MEMe Hisshipoia8CG58

-18 b i - ti |1 th t he, .of th fer, hi | |
FERRARACI Ko bt TN M ETRASR e BCIIRRE T4 TR T
fixgd-abrasi gﬁtnni?%@ehe?tﬁe%pmbérqﬁﬁé%f@ﬁ aﬁr{i‘ﬁwé HESFsRPrAsUVEisSaMicd

pol1shing pad permts use exisiting spindle drive assenblies and can
hel p 5 avoi dTheedisbing pad prefechbiyoglytcayersrarperiiomef the wetemsnor centinues

T T oyl B s AN PR ER R SR PRSI e o
hi ghl'y pl anagie gebddsRisthtul IndftrtidfHyatst Uvhzh maj o, arl BRd lpemtdrfiestbr Baf er
pokish finish properties of a dispersed-abrasive process are often

desirabl e. AGH&.di)mpving aoe or prasedransanidaptataivarnodes iz, commynioatasem  such

hatPng a reatilangCrOR bPulo sl iiopabbly SRonR B R GORoF e © 190
di sper sed- abagey Pedioh ios Hawamsrdiidetol@sudtethe beighet polistihg imelbstimate.
di spersed- abr asi ve step magkbe performed on a standard rotary polisher with

a pol i shing pa¥ Qfimpugdepptkepyn syriggeinspretionand-ene pr Sethctinns er

than the wi olTEpapob i cbdtRHl, Rokid), o425 nfhyPl bt e 470 3 Ph
e conduct of v or e Ll Al Sper sodabras v skt Ty modl A Ln el another
pr éPerr ed errﬁ'tﬂﬂqlrgrﬁm SFR@"%?@B@P@%“&%FE@( @L@@dls*% re?g:%p %@“@Q@%ﬂ&%ﬂnﬁt t he
T xed: abr g ST pRENER AR DA 2EBR AN, g T he pad robot 118 to

substitute a pad ddteripalishingahblfiystragianpfdheovatabrtheilineapividexieacharisnt or
.the pad carrier assenbly holdi he fixed:abrasive pad. An. exanp| f a
Sui t 8bl e VaPBOYTTRRAISNIE e I e e ARSES a1 Senitissarelishis 7 el 6 *1a.
This pad 216 neRetdii6s. TRRGRINShInG [HPPMIErabbBrizitamisdidiiattiwitinthd s@fieqort  of
-di spersed-abrasive slurry during the dlspersed-abra5|ve Erocess. Th

e
di 8Per sed- abohhe watenas i impsivieddotthe next rastialasiiong Agdiionally. wdilg the

ceri a-based, Si.02-Db d, A1203- : I el rasi.v
sui table for p??]'g%?@/%%?dpo\’/%ﬁﬁ p(ﬁgsﬁl?q §%d gllé)lr}ﬁa fﬁ%fé@%@%%%%qﬂgr n el(\g/}fel y, a
l'inear belt pieéipshishing®adostatts adticatdeter bhie walaPoO subssqyedepositions
standard rotary polisher. A suitable linear belt polisher for use in

acconpl i shing both the fixed-abrasive and the di spersed-abrasive step WO
U2/ Us3322 -19



PCT/ USUI / - 8G58 of the preferred polishing process is the |inear belt

pol i shing nodul e used in the TERESTM CMP System avail abl e from Lam Resear ch
Cor por at ivo ozbs3622nont, California. An exanple of a |ineaPCyaISo1/pasbs sher i s
shown in FIG 14. The linear polisher 220 utilizes a belt 222, which noves
linearly in respect to 5 the surface of 1 he wafer 221. The belt 222 is a
continuous belt rotating about rollers ('0r spindles) 223 and 224, in which
one roller or both is/are driven by a driving nmeans, such as a notor, so
that the rotagi; I t - ol < > Lt 222 to
be-dri ven | n AOEauBS R 4R phBfrifiehRboutvd srodt InBONE R BaBE' *Fhe
waf er 221. Argathiediting ppsfile 22 partiadibr waderonby bichisest GiddedssetBy atovitigirout er
-surface facing the wafer 221. The wafer 221 %é‘pl cal | K?e&%;fl des or}ba waf er
carrier 227. epbieections erdnmengradial pdhs-i BRI gyamP HsEBP!IS et ai ni ng
means) such i i ] i N Rk t he
"waf er when t%@eﬁa&oﬁ@iﬁ?é'\@g\sﬁé ?%drgeegoﬁggéﬁglggm ged)g{a pfrgﬁ \{%energ?'lf]y, t he
waf gr carri eth@z2éntzeand edgwoflthetwwafenahdrthe pblisker magtreove tid pelishieg pad

belt/pad noves in_a linear direction 226 to, polish the fer 221. For

di sper sed- abf@§PSkiopp Reig the water ragis|tpyakd Rﬁo?é%%é}ndzg'%sﬁ‘lngc}”‘i aflds a
slurry di spens: | i i ry 231 onto the pad
225. A pad c@%ﬁ?’?ﬂ)@ggg%ﬁgéﬁgmﬂe ( |§tht'hgt(%& ca I?él}@efgf'i n order to

recondi tion the palr@gppolishimyg thie @olidkiohmpagiis prétaraidy coastardlytin @ontactt he

ad 225 durin e are known in the art and necal | ire a constant
8ressi ng ch)fI t"%@u%@d"qr%‘i?r%fethe!tﬁ?dr%"ﬁﬁ@gt%ef‘gg)"dﬁgetﬁ/ﬁ({g%;ﬁfr@amnn@y used
sl ygpry and r%@sﬂpﬁ@%@@%ﬁ)a@%gﬁgﬁge LIESIRRPEIrAde Bha bRty -prodliceposed on

t he underside o t opposite fromcarrier 227, such that the
bel t/ pad ass genkyateddiydbe [Risbmgmreccsse Theabeasige matadalen tre serfacane

| at en 232 d ] | gt f h der si f the belt 222
Do emeur o t ik PR dsaeSnBRRGENDY Bitbratinnelass w55 BifaR s, °F or
uni form pol i ?g{aé%rizlea Shidkd Yhtef HEoHRY %hﬁéblé%ﬁéﬁcﬂﬁﬁéér%brd@‘gp%égi pad

agai nst the t 222 and pad 225 with appropriate force, so th
225 nmekes sufthiotigbrthe cwificastin the surface and egadst B2 padr per f or mi ng CVP.

B t he belt 2 is flexibl ad Wi | i d
dodmar d ont ot he Gpaad s CHILES FoRir M bres s 3BpUaEEy e siPofhp e s ™
-20 provi des pd@GfisPRENd GREIRLRABDR T B pall Tarershsnanatite hafee (al so
referred to as downforce). The platen 232 can be a solid platformor it can
be a fluid bdheipelshirgdgireeeds proceeds windl theanchgoiné datastprdpdicatas thaéthe ui d
flow f th I . . . iust f .

St 0 o oAb BBsREA RittES BediBno UbH cd BIRE rfSThARSh B8 B8 ond, |

under si de of nher,  pressure variatlons exer

the' pad on t hpinaidtectoanthbeCRUjinstiects tise Bpindicitneartrarspont echapishi S6itag
rate of the wafer surface. An exanple of a suitable flmc% ﬁl aten js

di 28 osed i n rediglly paguenthengolishingspad with regaeetipithe cgnteraidie waler d@w i s
i ncor por at ed L el J i pear
belt polishi ﬁggr[?%!igﬁ"gé '{%a&gfgr%%ﬁ%%%}g% gfﬂ@sdgéfer];%tnﬁgbgééégggbesdfgpem may
be found in Grfauldtaegitn ditheiw#iBe., Pédferably, thequad andhther wBtdrimaimtaiand Met hod
for Sem conductor MVl fafer Planparjzation," the entjre disclosure o ichis
i ncor por at ed Q%‘it%qtr\’”ﬂ_k‘ﬂ ‘ﬁcgﬁd’?é'.th%@wﬁ'i 'ﬁpﬁgjygﬂ‘é{aﬁiﬂ ‘S?rﬁ ‘Pf(satg‘ﬁﬁ’?’ l?é'\;\,ﬂbﬁ

{1 xed-abrasi ysgrcndy ehibR@imert, e SHAR! MRk (RrRHeFEh6EMarTBASE! nfiy simply

pl anari zi ng sem conduct or waf er 'l now be described with reféerence to
FIGS 8 and lifdexirsdiscraiadiepsomowaiment of the pad.sin aoothes preferredvaPo

pol i shing nodul g having,either a full-size or a red surf I (e.q.
annul ar), fi mggglpéeg]qvg\ep%n?Igtmggiﬁmsqqhiﬁ myépd%ﬁ%ﬁfﬂ%erbgpﬁﬁﬁpﬁgﬁ ad are
rotated and IR babk andabithah byra@liee Fhaitdrhodd eaomiriidx podiftoreachssisher
.and the polishing pad also partially overlaps the surface of the pad
dressi ng assd&RtENYOOtA trasisitignsdetweeni nalighgagiRng Soibeaetim hydr oxi de or
anmoni um hydr oxi de, i | . A | Welall (D)
-wat er may be appl ﬁgéﬁoétﬂ%gé&@?dﬁﬁer%grggeprgéeag’a #%@?Egﬂngﬁgﬁ?%rﬁ%ﬁ%cess.
A fagst pressmbeeiis dirdtealionsl maintaianhé bpindte inos fikeédgadial pedifiioy affed and
wafer (at 236). As illustrated in FIG, 7, the ’xﬁ)ad. carriFr assenbl oé t he
pol i shi ng modeRd &P ane makedisePt pelishing pad dhatygoffsgt from, r‘FeJBéf f

posiions W Lot 8RR pdlisAMY Bad BEHIER 18 brovide WA'GLiIBHAG A PhRARMER! | On.

The fi xed-abrasive pla I zatl process continues unti e step height is
reduced to a desired value (for exanple, 80% of the original



30 step height) and a first overburden thickness is reached (at 238). This
is typically achieved by the self-stopping capability of the fixed-abrasive
process, wiheresstee fi xed-abrasive material is no | onger a®CirsvEdsoss
unevenness in the WD 02/053322 _21 PCT/ USCOL/ - 18158 waf er once the wafer
| ayer has been pl anarized. Ater natlvely this may be detected by in-situ
end point detection and wafer surface |nspect| on nmetrol ogy, such as’ a
standard optical inspection device in one preferred enbodi nent. Preferably,

the pad dresgifiect #15EMd hd €98 W& efls Sadparaht fro i ﬁglﬁféé aﬁieV&)IFsﬂmg
pre-condition the surface of a new fixed-abrasive polishing pad

addi ti on, thpagaet dnb/smartgalﬂlselmstanwontﬁﬁt|a"ghhrté§ wafer.dhalse m@mﬂalabr asi ve

Bl'anar zati oroaebeaRag Wb tn SOMGER: 85 8T VRN PRER SR, e uiitoty e
subj ect ed t oofthbOhélishitRy g@@i vAbhAsY ‘t’cﬂ‘lr@trétﬁ'@§§ thelWafeH HPtheadnRPEGstade
"process utilizes a non abrasive poI i shi ghpad such as the (C1000

pol §ur et hanewhyasiona pastionsaf the sutase Qﬂaétdf@ﬁsmgrﬂf's@mi&hvent i onal

s pertormed o’ a'bBgRIS0E B8 Te PRESABMTRY wisv el R BRL S BORTISE Y ovec
the wafer fremddietid WéferlﬁoW@béﬁﬂheflmm@ﬂéﬁbmﬂdbh@@bBtv@@@Svaﬁo@s waf er
hol der for the second, di spersed abrasive polishing module. As with the

first, fixedpasielyioverlappinpaositionswitieresnegt fnthepuafesho agsishin tllewing at ed

and pr e5ed HOGRd Mg TISSA SHRE S ARABAR B LS. NG RERDLY
theg was mai mmgmdn&etamemobé@ incheid the =it o fecuzash thdameliet obn t he

first polishi nodul e. Wil e the dispersed abrasive pad is pressed agai nst
the wafer, nwgqm@lrmﬁ@vgﬁmar@uwwtﬁmqr&@n%ﬁf theewaied to pep\ide gEgaler t o

facilitate tBShsSwOi:ér?tPél%dpé hon- Jx{?ﬁ)rt‘?ﬁt qq{oe%\r%ergﬁli?ﬁ?)gwle%sf&ﬁeﬁ he

non- abr asi ve 'S selecte o sufticie restore the

surface acti assocnatﬁa)d witre pphidhing engentiee sarfdce effaveafpobinstitargdugtyor oduct  as
25 polishing_proceeds. The di spersed- abrasi veéﬁ)ol i.sh r%é‘f)cess cont,i nues
until a finafugdaet. ﬂ@@l p@m&!mssgp@ﬁe/t“@r' tigyrationParmifssimgitapeeyeantlor t he

cuggent vl ekohiRiud AnokdBhq iREBh MRS HAOPS) Pondfignfibsner sed- abr asive

process may be 1 np cated above I spersed- abrasi ve
process may be SOAHheugm aobmgletﬂmi drssingassembly insttove, raslitiplepad

fi xed-abrasi ye process by sw tching the ad ol der I|e and appl yi ng
pol i shing sl 84Sy 'QQ)@?%“%@? %V%?legef)@ﬂ JBpR fje(f"? 63"@ age of thie preSant

di spersed-a mg@%ﬁé? 1 iRGRSCin-Sitl lecgﬁmﬁghl thay b¥BerHed3drmuiahe / ~8G58

-22 using t or nore separate I shing duI es, the dispersed-abrasive
poI i shing stwpthnn-ysntbesuaia@em;mdﬁ@d and tppenare qnmkngaemeammemt/end t hat

oo 1+ nfb Selactinein (R taEPuis \BENREI A bl Had Prataibiy ™ °°
polishers. S5ddhpt %h’fplé’teﬁ%wﬁlaw%aﬁﬁbﬁélg“‘bgﬁbg ﬁiﬁgbﬁ@l oabﬁas of e pad andaPO

polisher or polishers first a fixe sive pad a wafer and then

appl y a di spwaiatapaisit ne gregtep ﬁlaaretfeﬂowagdlwﬁ)gf ih@cpqlléh'@é)t F?Qd fee pRlishing.

d h f
et L ernec vl P08l Be BB S5l HBEF TRl ESRBFoBfs TREPshGE® °
plurality of negpheachievé byfallpatikzisg tastrfassobihe plighingoped.| Wnlikée hybri d
polishing technique achieves planarization of the subject wafer by

pl 8Rari zi ng ﬁPYﬁPfaéélﬂﬁf 3t systemsavharedtae @@!'Sfﬁﬂa@@%é@gfﬁi%b’éﬂgﬁf ﬂé%\%h of
the fixed- abyas| ueadng bBRSHEE I RhAR ¥&rface of the polishing pad is potentially

utilized.
In other embodiments, the polisher 10 shown in FIGS. 1-7 may be
used as a mod"ule 100 in a larger wafer processing system 110 as shown in
30 FIG. 8. In the system of FIG. 8, muitiple modules are linked in series to
increase wafer throughput. The wafer processing system 110 preferably is

configured to receive semiconductor wafers, loaded in standard input



processes are used to renove at | east 500-1000 angstrons of a particul ar
wafer |ayer. O her anmounts of renoval by each of the two processes in the
15 hybri av@ot/idshing techni que are al so contenpl at ed and nmRETHSOHA§6ESt ed t O
the type or constitution of the particular patterned wafer. In an
alternative enbodi ment, the hybrid poli 513 ng techni que di scussed above may
be applied to patterned wafers by using 'standard rotary polishers, or
standard linear belt polishers, for both the initial fixed abrasive

pl anari zatio e he subs nt,. di [ qB rasi Vv l.anari zation
step. In thi s%aé??%tgécﬁ me%tqﬁai he %‘gﬁﬁﬁﬁﬁ%‘?{‘e&ggﬁg’@s @51 AWﬁgergémsqqﬁét cover
the entire susthaiCe! Omay aLEed Be tansfes individaaywafers fioms s tassetidifto the

-fi xed-abrasive and di spersed abrasive planarization steps. Standard

end- poi nt  defisgdtmegulecdthiogmelishing. Hesaernd waferdranmmarkmboy mast ke wsed tahen
desi r ed : . i . f th
patterneq vapensfLiE wERbEd He AN IOERE Aol A MbiStinguElne | 1 "

bee descri béigsttrhedulpravdescrived witle respred td trexpdlisher i 0adf RIGYAPOrpe! i sher to

provide a variety renoval rate distributions., The flexibility nay be

achi eved by gYeeMiil hg maybave asupppy gadides HeP asilasyeddaaddiass 8t avoi d

the need to : : I LS | ry

preseur es. 1 Bonip iRl BB SHinc RSBl el RBH bR GARTE Y o

?n igi tibal fimpténaéntl ﬁdiwit:h nga)saaa,ty;béleg paﬁs\?\gdss;/mrpdgcr&nh?)z' &iz%rf,mgloagslg if8658
i xed-abrasi ye polishin ads on a VaP 115 - PCT/ USO01/ ~

pol i sher, . anﬁxﬁgﬁg’ﬁ%ﬂﬁ%g‘?&'ﬂﬂ%ﬁ%?%ﬁs%%%ﬁ Y8 é’ﬁoéﬁlt{ﬁ/@a'ﬁ@m mpr oved

pl rizati onyfHigkbli i i i i swatar

U Pace 11 n DLl Bt mBAlR Sl Bl et R o LA ose
speci fi cal | y pblishescWoalkbrdsettan m cormpletaly pepstiad wafdmaftarithe vegfer récaives
essenti al chﬁr z.ctﬁriﬁ%ics. The descyi bed, enbodi nents are to be considered
in all respedfdinghpgrial pfish et ihelasbmadilsiot restrictive, and the scope of
the invention is i i I i t s, 10
W0 02/ 0. 3305 - 24 SRR M";’%'#%eg‘gggggﬁ’gSyﬁ?g\bmg@grﬁ%?i@@%gr%g%@p@@hg:
PCT/ USOL/ . ~8@B8]escribedtaiitive widli ezspeat to the palisheg od FIWET ¢y eactcpolishey sur f ace

f I bl t gini i duct fer; t abl | ishi d
cortdh i si ng amRA AoRgRRYnaage POUFNBEdtad GHEa PSR 8 fee bl BreAte of ¢ e
pol i shi ng paghangercxtrensthagitbasi Abibiitynvatdinanfe PRt 3tsth ot megdigus of the

pol i shing pad, erein the polishing pad material defi'nes a central region
| acki ng pol i $wiongh el usetadra pad sehbtshitat maytonperatedvithdhe spioidle deve

i shi d: b] i shi d i ' d_syb i all
Parat el ot o eraotBeprEERARE L SPaEoBRfPEhaa S B SIS B R B8R T on
the pol i shi ngepado idisrAafis thabhiircOW@Id P NBIE-RepAtPBNIHLY caRtdrasdad 0 t he

sem conduct or wafer, wherein a portion of thecggl i shing pad contacts and
rot2é es agai tarage ping fasdrash padsi2@eedgisedmna m%mad/:}& ppsifigned; and .

adjacent each module to permit efficient changing of pad carrier heads
attached to worn pads with pad carrier heads having fresh pads. Utilizing a
cataloging mechanism, such as a simple barcode scanning technique, wafer
pad carriers having different types of pads may be catalogued and placed at

25 each module so that numerous combinations of pads may be assembled in
the system 100.

After planarization, the second wafer robot 116 may pass the wafer on
to various post CMP modules 124 for cleaning and buffing. The post CMP
modules may be rotary buffers, double sided scrubbers, or other desired post

30 CMP devices. A third wafer robot 126 removes each wafer from the post
CMP modules and places them in the output cassettes when polishing and

cleaning is complete.



15 a rotatable pad dressing assenbly having a surface positioned
substantially coplanar with the surface of the sem conductor wafer on the
waf er caw@erps3ateerei n the rotatable pad dressing assenbl pCraisat/¢sssand
contacts the polishing pad. 2. The polisher of claim1l, wherein the

rot at abl e polishing pad 20 carrier corrp_r1i6s_es an i ndex mechani sm confi gured
to nove the polishing pad in a linear, radial direction with respect to the
sem conductor wafer. 3. The polisher of claim?2, wherein the polishing pad
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partially overlapping ‘positions wth the surface of t%ie sem conduct or waf er
and the pad tacdng figedtatirasive peatedatredutes the bl surtacemieacfithepoligbingshi ng

Cam conduct oPaaPeIcaRA400 fiendtAdola Fansceviny Sohstafudl/ Rk s na”

poa'otion whersgifaca cgic‘é%‘&fb BblidHiAg phdRAkbicsial, BdP@Misicaninevideon afyyer t he
pad dressing surface than the surface of the sem conductor wafer. 7. The
pol i sher of dhereasing thiegpaintdoadpressure khagmesidenapriigddtio @ sapYcansicior

fi xed-abrasive polishi.n ad nat erd al . L shen O L m7,
wherein the %qug Pﬁbhb%a&ﬁﬁtaem?lérl't (ifoquéfﬁggcse %vﬁbqlgﬁﬁéutréﬁ f;hue ré%{f(;sbg'rg. The
pol i sher of clai mij,orihefefbred Renbitsdimeht, RtoRadin IR 19, sthe polighing @adR00
non- abr asi ve polishing pad material. 10. The polisher if claim9, wherein

the pol i shi ngiassan aanelarapgion 20zmehfixedsakiasirerinatariabwheredhe centigl fedindd of
Prqy ding 00%40\;\,{,[%”{ %ﬁgﬁas% Hnﬁmrﬁg isoéut?stantially circular. Another version

of a polishing pad 206 having fixed-abrasive material over a peripheral portion
208 of the pad is shown in FIG. 10. In this embodiment, the fixed-abrasive
material has a substantially circular outer circumference and defines a central
region 210 lacking fixed-abrasive material that is in the shape of a star-like

20 pattern. Other configurations, such as the fixed-abrasive polishing pads 212,
214 of FIGS. 11-12 may also be used to decrease the surface area of fixed-
abrasive material and change the removal rate characteristics of the polishing
pad. Preferably, a reduced surface area polishing pad is selected with a
particular reduction in the surface area that will contact a wafer to achieve a

25 desired increase in loading. The particular shape of the polishing pad may be
adjusted to meet non-uniformity requirements for a particular process.

The fixed-abrasive material may be any of a number of commercially

available fixed-abrasives suitable for planarizing semiconductor wafers.
Examples of these types of fixed-abrasives include the slurry free CMP

30 materials available from 3M Corporation of St. Paul, Minnesota. The fixed-
abrasive pads illustrated in FIGS. 9-12 may be adhered to the pad carrier

head 23 using any of a number of standard adhesives.



sem conduct or wafer conprising; |oading a sem conductor wafer on a wafer
receiving surface of a rotatable wafer carrier and rotating the

sem condweoor/ossater; and 25 noving a polishing pad nount e®Carisarmsssat i ng
polishing pad carrier against the rotating sem conductor wafer to a
partially overl appi ng position, wherein the polishing pad conprises a
pol i shing pad material positioned along ‘a circunference of the polishing
pad and extending radially WO 02/ US3322 -26 PCT/ USOL/-48GS8 inwardly a
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central regqi
using conventionat wafer-scale polish platforms.

Preferably, the pad dressing assembly 16 for the reduced surface area
pads of FIGS. 9-12 is the same as described above with respect to FIG. 1.
The pad dressing head 60 may include any number of combinations of

20 abrasives and fluid orifices appropriate to prepare the fixed-abrasive polishing
material on the polishing pad and to remove released fixed-abrasive material
from the polishing pad so as to reduce defects. Dressing of the fixed-abrasive
material may also be accomplished by this method to maintain exposure of
fresh fixed-abrasive.

25 As mentioned above, an advantage of the fixed-abrasive annular
polishing pad is that the area of contact is less than that of a standard
circular/rotary pad. The lesser contact area allows for increased pressure to
be applied against the wafer for a given amount of force applied to the pad
carrier head. In a preferred embodiment, a pressure of 15-30 pounds per

30 square inch (p.s.i.) is applied to the wafer surface of an 8-inch wafer using a
fixed-abrasive polishing pad. In contrast, typical dispersed-abrasive

processes require less than 15 p.s.i. By using an annular pad that has a load-



WO 112/ (153322 PCT/ USOL/ ~8GS8 -27 | acking polishing pad material and
symmetric about a dianeter of the first polishing pad; pressing a portion
of the povoshissgzzpad material on the first polishing pad agaiuset/4sssportion
of a rotating sem conductor wafer) wherein the first 5 polishing pad
partially overlaps the sem conductor wafigr; and maintaining a first
pressure between the first polishing pad and the sem conductor wafer. 17.
The nethod of claim 16 wherein the polishing pad material conprises a

{1 xed- abr asi Yeaifiy efdsalsecn KhalErnaR oS el ook VRRRE NBRISEA i ntai ni ng

a first pressure conprises maintaining a pressure o east 15 pounds per
squar e i nch dewvntesces han pel achievey jwaobtaivdgedd pemarizatich effmienaffeom the. The

hod of claim 17 wh i n,. mai i ni fi '
mai ntai ni ng LBFECERE Gedia FBaanmulEstiane Bp8 SRR AU 280 ween ¢ he
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“further conprising: planarizing the sem conductor wafer with the first

pol% shi ng paavaidihe cast,isizet anhiveightiaf maenei phveséd downferticemedhadissengagi ng
the first polishi a rom t he, sem conduct or fer: .20 | yin
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final wafer Fid®)¢-hokagTR hsed panBeDblisRdr 10 BEFIG! Nes pRivigs alHIyRY wher ei n
appl yi ng a di spersed-abrasi ve process conprises: pressing the Sem conductor
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mat eri al definoeisileat0@fidr e second step. The dispersed-abrasive step may be
performed on a standard rotary polisher with a polishing pad that compietéiy
15 overlaps the semiconductor wafer surface, a linear polishing module that has
a polishing belt width greater than the width of the wafer, or a VaPO polisher;
such as illustrated in FIG. 1, where only a portion of the non-abrasive
polishing pad contacts the semiconductor wafer with a dispersed-abrasive
slurry media. In yet another preferred embodiment, the dispersed-abrasive
20 step may be executed at the same VaPO polishing station, such as shown in
FIG. 1, used for the fixed-abrasive step. This may be accomplished by using
the pad robot 118 to substitute a pad carrier assembly having a non-abrasive
polishing pad for the pad carrier assembly holding the fixed-abrasive pad.
An example of a suitable VaPO, non-abrasive polishing pad 216 is
25 illustrated in FIG. 13. This pad 216 includes concentric grooves 218 for aiding
in the transport of dispersed-abrasive slurry during the dispersed-abrasive
process. The dispersed-abrasive slurry applied to the non-abrasive pad may
be a ceria-based, SiO2-based, Al.O3-based or other known dispersed-
abrasive suitable for the type of wafer material being polished.
30 Alternatively, a linear belt polisher may be used rather than a VaPO
rotary device or standard rotary polisher. A suitable linear belt polisher for

use in accomplishing both the fixed-abrasive and the dispersed-abrasive step



10 region | acking polishing pad material and symmetric about a di aneter of
the second polishing pad_ 23. The nethod of claim?21 wherein the second
pol i shi ngvpaziozserepri ses a non- abrasi ve polishing pad nat ercalusop4sesdhe
met hod of claim 21 wherein the second polishing pad 15 conprises a linear
belt constructed of non-abrasive polishiqgg pad material. 25. The nethod of
claim 21 wherein the second pressure is less than the first pressure. 26.
The net hod of claim 17 wherein the polishing pad material conprises an

annul ar surf g the gfeféfed Poishimgindceds ielthetmaadr bk palishinganpaliiesidatinpad
materi al conprises an?\pnnul ar surface. 28. A senmiconductor wafer polishing
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asgenbl y havbef 222satrifsacetepsaiface faing tHswalfdri221.y copl anar with the
surface of the sem conductor wafer on.the wafer carri,erzﬁ\/ﬂ? ein
st

h
rotatabl e pad dregﬁwa%s@ﬁﬂb@icﬁﬂl’ eedesAl %Wﬁf?&cﬁaé“%r : Bd\’@ft%%zéf t he
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transport t heofish ishivaders22t.r fondapassedaatnasiveqaooess kteps, the linear
polisher 220 also includes a slurry dispensing mechanism 230, which
dispenses a slurry 231 onto the pad 225. A pad conditioner {(not shown) is
typically used in order to recondition the pad 225 during use. Techniques for
20 reconditioning the pad 225 during use are known in the art and generally
require a constant dressing of the pad in order to remove the residue build-up
caused by used slurry and removed waste material.
A support or platen 232 is disposed on the underside of the belt 222
and opposite from carrier 227, such that the belt/pad assembly resides
25 between the platen 232 and wafer 221. The platen 232 provides a supporting
platform on the underside of the belt 222 to ensure that the pad 225 makes
sufficient contact with wafer 221 for uniform polishing. In operation, the
carrier 227 is pressed downward against the belt 222 and pad 225 with
appropriate force, so that the pad 225 makes sufficient contact with the wafer
30 221 for performing CMP. Because the belt 222 is flexible and will depress

when the wafer is pressed downward onto the pad 225, the platen 232



sem conductor wafer; and 25 a sem conductor wafer transfer nmechanism

novabl e between the first wafer polisher and the dispersed-abrasive
station, wiezr/eisnz2a first portion of a wafer polishing pro®€sashousoshe waf er
is applied at the first wafer polisher and a second portion of the water
polishing process is applied at the di sggrsedabrasive polishing station. 30
29. The wafer polishing system of claimZ28 wherein the non abrasive

pol i shing pad conprises a rotary polishing pad and the polishing pad WO
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pad carrier oriented substa y par to the warer recelving surface
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and the polishing pad are rotated and brought into partially overlapping
20 contaét with each other and the polishing pad also partially overlaps the
surface of the pad dressing assembly. A non-abrasive fluid such as
potassium hydroxide or ammonium hydroxide in the case of oxide
planarization, or deionized (D!) water méy be applied to assist in the fixed-
abrasive planarization process. A first pressure is maintained between the
25 rotating polishing pad and wafer (at 236). As illustrated in FIG. 7, the pad
carrier assembly of the polishing module may be moved to a plurality of
partially overlapping positions with the wafer along a radius of the wafer
during planarization. The fixed-abrasive planarization process continues until
the step height is reduced to a desired value (for example,80% of the original
30 step height) and a first overburden thickness is reached (at 238). This is
typically achieved by the self-stopping capability of the fixed-abrasive process,

where the fixed-abrasive material is no longer activated by unevenness in the
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the pad and/or wafer to facilitate the polishing process. The pad dressmg
assembly for the non-abrasive pad is selected to sufficiently dress (i.e. restore
the surface activity of) the polishing pad and remove polishing by-product as

25 polishing proceeds. The dispersed-abrasive polish process continues until a
final desired thickness and/or surface state is reached for the current wafer
layer (at 240).

Several variations of the dispersed-abrasive process may be

implemented. As indicated above, the dispersed-abrasive process may be

30 executed on the same polishing module as the fixed-abrasive process by
switching the pad holder assemblies and applying polishing slurry to the non-

abrasive pad selected for the dispersed-abrasive process. In the embodiment
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1096 () - s7f &i¥dathe-citcldesign.  xAUBAAN, the MyBAR paEiByli@hnique achieves
planarization of the subject wafer by planarizing with each of the two different
processes. Preferably, each of the fixed-abrasive and dispersed-abrasive
processes are used to remove at least 500-1000 angstroms of a particular
wafer layer. Other amounts of removal by each of the two processes in the

15 hybrid polishing technique are also contemplated and may be adjusted to the

type or constitution of the particular patterned wafer.

In an alternative embodiment, the hybrid polishing technique discussed
above may be applied to patterned wafers by using standard rotary polishers,
or standard linear belt polishers, for both the initial fixed abrasive planarization

20 step and the subsequent dispersed-abrasive planarization step. In this
embodiment, the wafer polishers use polishing pads that cover the entire
surface of a patterned wafer at any give instant in the fixed-abrasive and
dispersed abrasive planarization steps. Standard end-point detection
techniques may be used to automatically determine when desired amounts of

25 material have been removed from a given layer of the patterned wafer. As set
forth above, a polishing system and method have been described that provide
for increased flexibility of a VaPO polisher to provide a variety removal rate
distributions. The flexibility may be achieved by providing reduced surface
area polishing pads that can avoid the need to use larger and heavier

30 polishers to achieve the necessary pressures. In addition, a method of
processing patterned wafers by linking an initial fixed-abrasive process, that

may use reduced surface area fixed-abrasive polishing pads on a VaPO
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The described embodiments are to be considered in all respects only as

illustrative and not restrictive, and the scope of the invention is intended to be

commensurate with the appended claims.
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releasably retaining a semiconductor wafer; |

5 a rotatable polishing pad comprising a polishing pad material
positioned along a circumference of the polishing pad and extending radially
inwardly a portion of a radius of the polishing pad, wherein the polishiﬁg pad
material defines a central region lacking polishing pad material and symmetric
about a diameter of the polishing pad;

10 a rotatable polishing pad carrier oriented substantially parallel to
the wafer receiving surface and configured to movably position the polishing
pad in a partially overlapping position with respect to the semiconductor
wafer, wherein a portion of the polishing pad contacts and rotates against a
portion of a surface of the semiconductor wafer; and

15 a rotatable pad dressing assembly having a surface positioned
substantially coplanar with the surface of the semiconductor wafer on the

| wafer carrier, wherein the rotatable bad dressing assembly rotates and

contacts the polishing pad.

2. The polisher of claim 1, wherein the rotatable polishing pad
20 carrier comprises an index mechanism configured to move the polishing pad

in a linear, radial direction with respect to the semiconductor wafer.

3. The polisher of claim 2, wherein the polishing pad carrier further

comprises a polishing pad carrier head removably attached to a spindle.

4. The polisher of claim 3, wherein the polishing pad carrier further
25 comprises a spindle drive assembly connected with the index mechanism and
the spindle, the spindle drive assembly configured to rotate the spindle and

move the polishing pad against the semiconductor wafer.
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10 one of a vacuum and a pressurized fluid, wherein the semiconductor wafer is

releasably attachable to the wafer receiving surface.

5 6. The polisher of claim 4, wherein the index mechanism is
configured to move the polishing pad to a plurality of partially overlapping
positions with the surface of the semiconductor wafer and the pad dressing
surface between a first position wherein the polishing pad has a greater
portion of the pad in contact with the surface of the semiconductor wafer than

10 with the pad dressing surface and a second position wherein a greater portion
of polishing pad is positioned over the pad dressing surface than the surface

of the semiconductor wafer.

7. The polisher of claim 1, wherein the polishing pad material
comprises a fixed-abrasive polishing pad material.

15 8. The polisher of claim 7, wherein the polishing pad material

comprises an annular surface.

9. The polisher of claim 1, wherein the polishing pad material

comprises a non-abrasive polishing pad material.

10.  The polisher if claim 9, wherein the polishing pad material

20 comprises an annular surface.

11. A method of providing controlled regional polishing of a
semiconductor wafer comprising; .
loading a semiconductor wafer on a wafer receiving surface of a
rotatable wafer carrier and rotating the semiconductor wafer; and
25 moving a polishing pad mounted on a rotating polishing pad
carrier against the rotating semiconductor wafer to a partially overlapping
position, wherein the polishing pad comprises a polishing pad material

positioned along a circumference of the polishing pad and extending radially
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semiconductor wafer, wherein the polishing pad is in continuous contact with

the semiconductor wafer while the pad is moved.

10 13.  The method of claim 11 further comprising moving the polishing
pad along a radius of the semiconductor wafer to a second partially
overlapping position with respect to the surface of the semiconductor wafer,
wherein the polishing pad is in continuous contact with the semiconductor

wafer while the pad is moved.

15 14. The method of claim 12, further comprising rotating a pad
dressing surface against a portion of the polishing pad while a portion of the
polishing pad is in contact with a portion of the surface of the semiconductor
watfer, whereby the polishing pad is continuously reactivated by conditioning

and cleaning during each rotation.

20 15. The method of claim 12, wherein the polishing pad is oscillated
over a predetermined path at each of the plurality of partially overlapping

positions.

16. A method of planarizing and polishing semiconductor wafers

comprising:

25 rotating a first polishing pad about a central axis, wherein the polishing
pad has a polishing pad material positioned along a circumference of the first
polishing pad and extending radially inwardly a portion of a radius of the first

polishing pad, and wherein the polishing pad material defines a central region
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semiconductor wafer.

17.  The method of claim 16 wherein the polishing pad material

comprises a fixed-abrasive material.

10 18.  The method of claim 17 wherein maintaining a first pressure
comprises maintaining a pressure of at least 15 pounds per square inch

between the polishing pad and the semiconductor wafer.

19.  The method of claim 17 wherein maintaining a first pressure
comprises maintaining a pressure of at least 2 pounds per square inch

15 between the polishing pad and the semiconductor wafer.
20. The method of claim 17 further comprising:

planarizing the semiconductor wafer with the first polishing pad until a

first wafer film thickness is achieved;
disengaging the first polishing pad from the semiconductor wafer;

20 applying a dispersed-abrasive polishing process to the semiconductor

wafer until a final wafer film thickness is reached.

21.  The method of claim 20 wherein applying a dispersed-abrasive

process comprises:

pressing the semiconductor wafer against a second polishing pad;
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non-abrasive polishing pad material positioned along a circumference of the
second polishing pad and extending radially inwardly a portion of a radius of
the second polishing pad, wherein the polishing pad material defines a central

10 region lacking polishing pad material and symmeitric about a diameter of the

second polishing pad.

23. The method of claim 21 wherein the second polishing pad

comprises a non-abrasive polishing pad material.

24. The method of claim 21 wherein the second polishing pad

15 comprises a linear belt constructed of non-abrasive polishing pad material.

25. The method of claim 21 wherein the second pressure is less

than the first pressure.

26. The method of claim 17 wherein the polishing pad material

comprises an annular surface.

20 27. The method of claim 23 wherein the polishing pad material

comprises an annular surface.

28. A semiconductor wafer polishing system comprising:

4
a first wafer polisher comprising:

a rotatable wafer carrier having a wafer receiving surface for
25 releasably retaining a semiconductor wafer;
a rotatable polishing pad comprising a fixed-abrasive polishing

pad material positioned along a circumference of the polishing pad and
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polishing pad in a partially overlapping position with respect to the

semiconductor wafer, wherein the polishing pad contacts and rotates
against a portion of a surface of the semiconductor wafer; and
10 a rotatable pad dressing assembly having a surface positioned
substantially coplanar with the surface of the semiconductor wafer on
the wafer carrier, wherein the rotatable pad dressing assembly rotates
and contacts a first portion of the polishing pad;
a dispersed-abrasive process station, the dispersed-abrasive process
15 station comprising:
a second rotatable wafer carrier having a wafer receiving
surface for releasably retaining the semiconductor wafer; and
a second polishing pad mounted on a polishing pad transport,
the polishing pad transport configured to move the polishing pad
20 against the semiconductor wafer, the second polishing pad comprising
a non-abrasive polishing pad material positioned to receive a polishing
slurry and transport the polishing slurry against a surface of the
semiconductor wafer;
and

25 a semiconductor wafer transfer mechanism movable between the first
wafer polisher and the dispersed-abrasive station, wherein a first portion of a
wafer polishing process for the wafer is applied at the first wafer polisher and
a second portion of the wafer polishing process is applied at the dispersed-

abrasive polishing station.

30 29. The wafer polishing system of claim 28 wherein the non-

abrasive polishing pad comprises a rotary polishing pad and the polishing pad
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30. The wafer polishing system of claim 29 wherein the non-
abrasive polishing pad comprises non-abrasive polishing pad material
positioned along a circumference of the polishing pad and extending radially
inwardly a portion of a radius of the polishing pad, wherein the non-abrasive

10 polishing pad material defines a central region lacking polishing pad material

and symmetric about a diameter of the polishing pad.

- 31.  The wafer polishing system of claim 30 wherein the non-

abrasive polishing pad comprises an annular surface.

32. The wafer polishing system of claim 28 wherein second
15 polishing pad comprises a linear belt and the polishing pad transport

comprises a linear belt polisher..

33.  The wafer polishing system of claim 28 wherein each of the first
wafer polisher and the dispersed-abrasive process station are configured to

remove at least 500 angstroms of material from a wafer surface.

20



