. ef e3ei f "b6TFK~~ma~~m~0 ~ s ~ov z002 CHEM CAL MECHANI CAL POLI SHI NG W ~TH
MLf LTI PLE POLI SHI NG PADS Background The present invention relates generally

to chem cal nech n L.shing of substrates, and nore particularly to
polishing with fﬂﬁﬁ@@@mgw% pol i shing pads. Integrated cird NBVa2002
typically formed"™ s, particularly silicon wafers, by the
sequenti al depositionégfs*conducti ve, sem conductive or insulative |ayers.
After each layer is deposited, the layer is etched to create circuitry
features. As a series of layers are sequentially deposited and etched, the
out er OICHEEQCHBSME@HA&Q@&P@OLEQH&&@SWiili»j_e_mm'2$t,zt b@Lquace of

t he substrate, Decones | ncreasrngly non-planar. 'S non- pl anar out er
surface presents a problemfor the integrated circuit manufacturer.
Therefore, there is a need to peghefggauhy pl anarize the substrate surface
to provide a r%{?tivel%gla,t surface. wever, in fabricatiog
processes, plandt§ ZRIFROAIRNRR TS S SfR%P &R poREMEFR/Er | vi ng

I iayers. m@hhahcteh%npomiashmab pdl babbngﬁtew) and ??eeapamﬁeﬂxlragtllaoctﬁof

pl anari zati.on. .. Thj pari.zation.met typica requires that the
substrapgaﬁgﬁﬁﬁgnf’gagoglgegéFPFgflg‘; Bgﬁﬁgﬁ?ﬁé Rgéaf The exposed surface of
t he substrate i EntEgmesredigsinouits ratenttypigolliy fioxmexdhdonThe pol i shing pad
may be gi 'St - d Ol : @ s f.lx€e i ve,p f -;alr asi ve pad
has abrgg?b\l%g%sgftsi'c?gge%g%g?gyagégﬁ%gﬁn%g?%?rﬁrédlsg) ?\g\{ﬁe'rgee . gﬂé}%taindard pad
has a dderpsdtient afeconfursiveensendeandyciivecopainsylasivehe carrier
head prouhdes.a agrerokhahl ¢alaadisi deposRt8asUthe 2\/ykhke jFUktldhrle to push
it agai nst the po~.ishing pad. A poli Sﬁl ng slurry, including at |east one
chen caltPy SFEALE Férgle%VI %FQF’JFBFN~~AS g §eRdRs20€p Layexs ax®d abrasi ve
palrt i ﬁ I @%qiufen&i&ﬂalydfdédopadeﬁs andedtrchedsuphki ledcteﬁ blre uppieiraies tof It heh

pol i shin . A ect.l pr.ocess _nat _on rovides a hi pol i shi ng
rate, bl?t%‘r%%g:g Sgoﬂ-‘&eéhg\égﬁgggraf'éesurf:g’ ee%ﬁ’f%ﬁei ?ufgﬁf:?h@% %F’&cks

smal | - scabstragghnbescpmend incaeagiagly nengplevake t Fpdgr momyplafias

pol i shi I NS lsatyn eLfkn slurry
conbi na'lt&IQI(;'ne,qI %huéjfﬁgieapfgggg%geé g’g?\%ggﬁlgﬁg ggﬁs?%?érﬁgd@gﬁgﬁ& t he
force pmasifgstirersubIhexedozgai fierendspadnerds E6cparirddcaddn em with
fixed- ayiasiate fedhel Subditdathi BargaceheosphoiidbeasreliaeaveIgeginbcal Iy,
sone L{)r:écesse t hat use flxed;ngb asi v%.ﬁads create shal |l ow grooves,
e.g., of Srder8EVES0 Ry SPME E&FaERM REOSABEPPAt e surface. These

gr ooves plarari 2avd osu ot tdiee cutersiayesuishabld hort erpegeated circuit

fabri cat,] I [ e process yield. Summary In one aspect, the
I nventi odrﬁésrlaﬁﬂtle%%e% ‘a net hod of polishing a substrate. The process

incl udes cheni cGhembeahnneehanbrakpelishng ufMR)atls PR 2CTeRERA abr asi ve
pol i shi ngediash WY idlanardizatyls.antthild gmha&a_&béeén aegheden cal nechani cal

gglyi ggirgqgé;gqlsluybsgerqﬁierevg ttrllla% Q’. réf isx ste%l;rt%s \éem S'niciﬁi g% gad to remove

carrier or polishing head. The exposed surface of the

substrate is placed against a rotating polishing pad. The
polishing pad may be either a “standard” pad or a fixed-

abrasive pad. A fixed-abrasive pad has abrasive particles

held in a containment media, whereas a standard pad has a
durable surface, without embedded abrasive particles. The
carrier head provides a controllable load, i.e., pressure,

on the substrate to push it against the polishing pad. A

polishing slurry, including at least one chemically-reactive
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I rrpl enent atii ons' of the invention may include the following. The

f "xed- abrasi ve polishing pad may be |ocated at a first polishing station of
a polishing apparatus, and the non-fixed-abrasive polishing papgw aﬁz

| ocated at a second poI ishing station of the polishing apparatu h
substrate may be chem cal nechani cal polished with a second fixed-abrasive
pol i shi bk ashv p thigd

pol i shi %@?ﬂt R T e R R R L AT
at the SHRPH I"r%h?-}hg surfaen. of Fhﬁspobbﬁbéﬁgngaﬂl quid may be suppli ed

to the first polpnslaifFectt Ry [ suppl i ed
to the second poli shi ngisltaetaét :ag‘rf %and a tﬁ?srﬂd %g?sh’fdrﬂa&g@?‘@‘
Agel w&eca may

suppl|exPQ%ﬂ%%kngh¥?ﬁepoPPEh@%30sP§PVbﬁesTﬁesPPP§FaESIFBH
have a did feig{éhadl tb@@kéhgmégpogelapel tébgﬂﬁebbﬂuhﬁd Emstseeozaesispol i shing
l'iquid rﬁ%rcontalf abraswef’) L g {7 xed- abrasiLy gﬁllsgl ng pad~may
i ncl ude PPRT1ayEPPPEERPIN rudggeaB? i8hing zpRe. thﬁl &18i nder

][ralt eri alf.lmda@sIaﬁrerdéaqahitlseaeb%reﬁhérpﬁdt hﬁdngUﬁryogsmBihaﬂzeF pﬁ' yneri g
ilm paper, ot a t ic i The pon-fixed-abrasiv i shing pa
my | norilie €14 Se PE0RRE, Brtiien otk sUPaFRARe 4Rd 838Scard Phses
includin@or@ﬂppess&dngethefShbss:abe agadget theppadd of a poronerlc
material. In angthe r %) t.hpd of

formng a planari zeé’ tWgn 1br‘l"\{'(fr attgln f,&%égi ea?&fagqf‘%r r%’cfm3 hép

non- pl arderatehiee of t e guﬂbstraﬁe syrgaceayer Spgceﬁmbhv,rre@mancual

pol i Shedp%é@séeé'%ﬁé@buéé' ffo&L&EPéEﬂv@aﬁa&Qt bi‘eé‘fé%hﬁl‘%w' ayer remains

over the surface, and the resid éer i's chem ca ani cal polished
with a iRPY&Rd-adasi 98 "p’é?l%ﬁ‘i’ﬁﬁ phdS00® rREBYECRAYIREPAt éReSheThe

resi dual smayefams@rfacsknesﬁesa@foéwgr réh@atethéhaibsbeatdept h of any
tations of the inven i ncl ude the

scratche rein me nay:

ol Fovi rpinhan wleptFRPERCERF 10 Sateetd chPERRE LRV ek ithr oy oqual to
t he deptihomérang ske aprbesgseygeldabout 100 to 1000 angstrons. Poli shing
wi th the non-fixedabrasive polishing pad may cease when a | ayer having a
target thickness, e.g., 300 to 1000 angstrons, renains over t he non-pl anar

surface. Advantages of the inventi SUMRALY, ncl ude the - 15 NOV tar!

fol l owing. Scratighighe QAfsgelte st &aiv%dcadneci@«%ﬁx@rc:@u mwalt fidtHdaer eby
i ncr easi ngOB ﬁcess él el d.. Other features and adv be appar ent
from t he®f oPPLIPRENG e FRBFFFALE] ncT%lPl’@o?ﬁ%sd?"& ‘h@%sa 'E'}%? Bri ef

Descri pti@shahitht PodishifgFthke dubstpasehebehia EXmé®d£Hr@eis®ective Vi ew

of a Chen‘flshggghsgacghtgflgéhiggsggggégéyglly planérized, and
chemical mechanical polishing the substrate with a non-
fixed-abrasive polishing pad to remove any scratches.

Implementations of the invention may include the

following. The fixed-abrasive polishing pad may be located
at a first polishing station of a polishing apparatus, and
the non-fixed-abrasive polishing pad ma& be located at a
second polishing station of the polishing apparatus. The
substrate may be chemical mechanical polished with a second
fixed-abrasive polishing pad or a second non-fixed-abrasgive
polishing pad at a third polishing station, e.g., before
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FIG 2A is a schematic cross-sectional view of the first polishing station
of the CWP apparatus of FIG 1. FIG 2B is a schematic cross-sectional view
of the final polishing station of the CWP apparatus of FIG 1. T5Gpv 3E
are schematic cross sectional views of a substrate illustrating the nethod
of the present invention. Detail ed Description Referring to FIG 1, one or
nor e substpalﬁshiﬁgw:ﬂé Mbwfhséfedtlﬁyha s@eohdapomﬁshangcgta}nﬁbnghl g
appar at us tio olis e found in U S
Pat ent No. g%r§€8p% h{’)’ﬂ% ghﬁ‘?‘g 'B?%c#’%sﬂl’ %?8 QPS 58Fpor ated herein
by refer erpellfhinghsngtaspparatsecaﬂdlmlmhsng lbgeidmmapi be bapeliz2dni t h
atableto 2 t d % u 0 shown) .
Tabl e top 03 iBpareand o8l FERiBH gEt SR cmuF & AL G KE bflRhel i e

pol i shi ng biqmdnmaﬁabe assppbneldpbbl che n@'lsrdtp@hleﬁbpgaadaalbnnal The

olishin n r tio nsf,e a n 27 forns
g gianelralglf}ig%qta %ggg%ﬁg P%‘%Iél lﬁ%’f e é’?hé e%lg {%é éﬁ f’ %#0%131825a 25b

and 25c. TPe@endrpelishbng 2¥igeides Tetsetend L@Féli%hsngl hmmﬁdngab’ecel vi ng
i ndi vi dual céH@ﬂﬁaLSx?%&PvérB @14:9@&“ ngrﬁegp@{fé&sa599&1§@g§eilsﬁgﬁ ing the

substrates, | oadin strates_into ca
recei vi ng P#@’ @ﬁbs%f*ﬁl‘é@efi"én‘l‘?hﬁrchﬂ'?’ért%d%ncmgﬁﬂ n@b%'hélgﬁbgﬁlapés

agai n, andhémaihya biﬂd'é{'erhétéiﬁléhﬁ ShDSA I BéwsST bB&¥et Ogé Dect @adEBEm
apparatus. _[Each 50 ishing statio

1? |an udes a.rpotatable platen 30 _on which
Pl acod ShOHFERPrEoRatEt e P BOTHIRF Lo CoHi e BEPSRG. SSthnd2S8n may
i nclude a rhetxamabraﬂme pPRhle 106n ~ filveedesb i ve nadl pshisdi pagdshayi on may

1 et or Zﬁgﬂg bl Biriroravesobiehidhin Kol Plenfhe"ing 8 peb Rl
pl at ens andayeri shchydpndscompredsedpirit tfirrysi nehed bayehlq’:@lypoaedes in

di aneter, 5gsgeﬁgrgﬁgylcﬁﬂ£@epj_§1en 30 may be a rotatable al um num or
st ai nl ess st eel ate connected to a platen drive notor, (not shown). For

nost pol i shing pr Jéb% ath@Speften tHLi $BVRBLIPTY dBaCdFeFtede 3@ at

thirty t0|ﬁ\é@hbgndfedofﬁilﬂéuélpIFl)én@Eizéﬂ Meger adutgagugmbéweog Ri ghe;I

rotationa eeds e.use olis stat on clude_a pa

conditi one}L gﬁﬁafﬁﬁénﬂﬁd %dacla‘ﬁ'al?? 7%1? u%§4€ha%a &55?5?5? able arm

42 hol di ngThe lagependechéemical amenigam;mwll tpmhmmm anfiixedassoci at ed

washi ng ba T i tad e dition
9 ﬁb adfve gsméﬂﬁﬁg“ﬁé& Qﬁfl ectl Hd y po Sﬁ ;ﬁéuw ovél

of the polls I'ng pa strates.

Pol i shi ng §hat per§agea and the E%Sh@‘#alf kAN &S ;ﬁ\‘éle"&b‘?ﬁﬁ tmesRani@dhr at us
because fi gssqhahéasWEnpadﬁoQEﬂfkealazbﬁ@sm PEOLK Eng Ol tE O Nk &tBovéiovever ,
as illustrated, each 0|s ng stati cl ude condi tioning station
'n the eveRDY( RSFSERBEENP DRPaFSPHAUTs TAVRF WAt Bt FRTCHREPE FAYELIGR | ons.
Each pol i sblrngr&hablronhahsohe ndéptiesofs ayriEcEakches ryfierenae. arm 52. At

ol i shing station lh.shis dm n dei oni zed
p g ST Fept 3l JHOhAN ggeh'c%h may? 168913k k;ﬂ%

water and a -5 chem cal reactive conponent
pot assi um Apdlewing.f ofhexresideal skayey may diayeiadh bclfrmsq)m i shing pad

Zg:; aceebygg &(E::lsdéﬁalcew éFﬁh%ZEOTE'?Z f&éomhlcsm dﬂﬂg&?&ﬁ%&é"o% npt contain
siv [ i shi S i i shi ui

cont ai ni ng &’ ?';(Qd Egpol §n§ bpPTRd &szlr@%b‘f 'f'sth &g% %Cl'ﬁ ?‘e?&% by

sl urry/ ri nabralsmvEZpoEdlbhshgngadl may deédde rmt)emlasolmu: dnaw:atg a&sive parties
(e.g., sil 'c%%aa%r t:'h(icﬁﬁﬁfsgl,o de pgyied dﬂ@a ) e £ £ CAldYid£aGd Y e

agent (e g tassium e ‘for oxi The concentration of
agents in the ﬁ'@lﬁ'ﬂlﬁﬁgrl Pb}ﬁf§§emay be di ffer ent. Specifically, the pH of
polishing liquid SAavimsadid f¢f tHeoMnveatibnomapolinglude theui d SOb.
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Each slurry/rinse armmay include two or nore slurry supply tubes to
provide slurry to the surface of the polishing pad. Sufficient slurry may
be provided to cover and wet the entire polishing pad. Each sly QVI

arm 52 al so includes several spray nozzles (not shown) which prOVI

a~hi gh-pressure.rinse of the polishing pad at the end of each polishing and

condi t i onimmm% TV@c?ét@MxﬂgD'é‘E EREds@bse vaeh 18 Yedllcers oyda and 55b
may be positioned t ween nei oring, polishin statlons 25a, 25b and 25c.

The washi it W03 'r?h%ewelm%@%spmee St Hé¢lfeave the polishing
stations. A rotat gkhermflebituiead agdr ads@nt@dss viml thONGshAPEONE £ YRS
machi ne bﬁé% éﬁ) Carouseé 60 js %§£portef %y a Cﬁ 5 stt 62 gnd is
rotated t HetRdPLRNANS FePOTARE 1ok LR Biad ch ERWIDESr 3BSsenbl vy

| ocat ed wi¢haimgrachi ne base 22. Center post 62 supports a carousel support
pl ate 66 and a cover 68. Carousel 60 includes four carrier head systens

70a, 70b, 70c, and 70d. Three of the carrler head syst ems recei ve and hold
substrat es, and polish Bxde T 117-2 then1aga|nst the

pol i shi ng pads onpirhe H|qgﬁQSSQBengééth§#§kﬁ§i -Jéﬁﬁﬂers é§£§k)§

carrier head systefs recéives rate froma e to
transfer stkemigprbmegmanieal pkishinhecippayatvas 70a- 70d are nount ed on

carousel support pirafe 86 i3l aegefbmatgy e&olsrét%re\@éﬁar?é)ptulewfyse{e axi s
64. Center_post 62 allows the carousel notor to rotate carousel support

pl ate 66 anmFsho R’ﬁ’]o’r?h%;%fir?@t%&%y@%r@dﬁﬁpﬂbaaﬁlﬂ}& PEeFiGbsirat es
attached thereto ggut 2@ari@uackcREmatdé. ckasls -G¥dYiRIndlead &y dernnda- 70d

carrier et bust SRR FRE cr R int i) R SERBERF U5 SonE Gaarter of

cover 68) to carrF@GSheddh-3€ swet laaheaaclicca:mdsa deeni A lcaniewslepferdent | y
t at b j t. f

cach head SPRPLERY L EErd S ool REMRITOET AL MERHAL' 1 EDERERDY" T

oscillates in a radial slot 72 forned |n carousel support plate 66. A

slider (not shown) supports eagdy £ tibPibhS associated radial slot.
A radial drive notor &POt shoWﬁE‘ﬁﬁZ’ﬁé%%ﬂ%ﬁeé§TTﬁer to laterally oscillate
the carrier head. REFEIZING &P EEGd 80 PBEf BFnEOFE SURSLHAGRH LG Will
fulnct |h ons. b@epl@]:i?d;lh?fd Weacemmﬁa]hegébmmal hpo}subningt eppgaaﬂeb 2be
pol i shi ng ven | a_down r sur c
surface ofgt'ﬁ%s‘g ¥%€ 3 ?%#s%%g t%ﬁ%ﬂvﬁ 1?%?? géﬁgét *Po t%e
subst r at e) Patenteidar €S, ?h&1514m3Ehﬁxﬂnuﬁmecﬁmﬁmlmﬁuselpfouh1Chon$beneath
the carrie n

! Hx%ﬁ@%ﬂé‘éé&gh&?éifnmg{‘gr#@fom%ﬁ S PJi‘fsﬁfﬁg pQﬁé@uéozémy

i ncl ude a nbrane provid strate
recei ving 3aFaees %‘H@@%Fl@é¢¥#ﬂ%ﬁbéfﬁnﬂ%zﬂﬂ%ﬁcﬁr??ﬁ}eh%%ﬂ 9 AeynBRdf ound

in ~~t-o¥hekbdn &Adeatrdpevalsid iIcit&e/ddeNO(nd8/ JHOWAY S, Tablélespa
SYSTEM 117 Sc RERRRDE: & 65STH00)0 byPak MU S AT 90 o1 9 L UOSAT 8cy 1 ot he
assi gnee ofirse pmbsehingnseamzqnnzsawa&nﬂe¢qn@|B@lnsn;ego$tmhi@m 3sb,
i ncor por at gdyhgr i RaPYp&eiShEAS Sstation 25¢, and a transfer station
27. Transfer station 27 forms a generally square
arrangement with the three polishing stations 25a, 25b and
25¢c. Transfer station 27 serves multiple functions,
including receiving individual substrates 10 from a loading
apparatus (not shown), washing the substrates, loading the
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Referring to FIG 2A, an aperture or hole 34 is forned in each platen 30
and a transparent window 36 is fornmed in a portion of the polishing pad
overlying the hole. The transparent w ndow 36 may be construct eH5 30V 202
described in U S. Patent Application Serial No. 08/ 689,930, entitled METHOD

VEGHAN CAT SRS TP NG AbAFTUS by DRARBOCHEr Th Ao 18t ST ¥R, EXRfls:

26, 1996, tbde&BBxgmeueaﬁsthmaabsngnebeoSubHErpteseagannveﬂmdon the entire
di scl osur dgf) renc T 34 and

tr anspar et b Mo SeTa SFELAY, PHECAUBEELRL Y, DELE) ERCEne 800G F
substrateaHDaUQtvﬂg a portion of the platen's rotation, regardless of t he
transiational pogchoBaat shitgP Slatlidt RS | A ddUIFYd GOIBLET 90 I
| ocat ed bel ow pl at en [Faser |1 nterferoneter |nc es alaser 94 and a
det ect or 3%.orhehigRels gelneed ea polbshingt Bad) asEhepéansy2andi sgcond

propagateécibiéﬂﬁhzééa&ﬁﬁﬁdéﬁﬂmﬁynﬁﬁ&ié@etQ EﬂﬁéaQSbyﬂgﬂthPaaxﬂﬁéed
surface of substr 0. Laser. 94 is activated 8gferate aser. beam 92

during a YR#ES¥Re fof 13k B R iRenftabhel Br¥ iBcludeopepiprdardow

appar at :JSpQ@ usgsfInseé%b@tﬂclterweter%ﬁo“éggﬁetefxehne(2be anmount oan

mat eri a ved fromtheg s ace ubstrate et er m,ne, when
The sur t bt REEEReED et pFedevEstn Sy (Ll REbhTheter), afrlRkan! l5ky 1 a
conput er Qﬂenayhbepbmtmtmﬁtlmolasmn§4padsl delbcberaﬁﬁutObwpntyr 98 may
be progra eéooﬁcéﬁ¥f@ ifend&sen &f@ﬂe&@? - Pes ecﬁlvgﬁ vV zgzgp substrate
overlies t w ndow, tore neasurenment fom R et ec ?o di.spl ay

t he neasuPbﬂéﬂBs36nm®h Q@t@u¥°@@%@bbﬂ9§1U@hﬁumo°§e§EC%nlﬁéspétﬁgﬁlng

endpoi nt, %@stéeésrm@e@eancaf&rﬁﬁseéhoeeﬂv& Rot &AL @ﬂétAeﬁbwﬁrt' Opgperial No.
08/ 689, 93 Still referring to FIG 2A i rat and second Eolrshrn

stati ons BBEE aPAL 8RING HRTATes%eS s bhBrPLaken; JEH%8  BIEGE BBFRERPNg pad 100

having a pvatehi Bg atrtRcecy 0o dke lﬁrhﬂ@ﬂeﬁbféﬁb!lﬂtﬁ@rhsSbéﬁgmﬂﬁdtépo
Lower. | ayer ,106 may be

| ud 104 d
anaghgz ?gtﬁgﬁgéni% g%y°5.%fngiﬁrﬁgggﬁs??ggesaﬁﬁéi|W%ylg ePS¢88. Upper
| ayer 1lo4 typi caIHq,lmH:.In_gb@tataomGSm Imatyhiigic laiden i pad:@mmumrieayer)
composed ghpabbedlvepdr apde Hshds roﬁgPeQ.gﬁQrwuean g4 grLstiinidne

abrasi ve gfains may have a partlc e SIz tween
mcrons, 8RB AAvBOAIABESAN hiRdeReRdeRt by -rekating €§%§$¢b§n6¥ BeRd 4tains

i ncl ude fuﬁadaﬁ|Habeéﬂ&@édd@asﬁﬁﬁ nb&sﬂhuﬁsnunrﬁﬂlﬁﬁa @Eﬁ&ﬂtﬁbhéﬁon
carbide, silicon car aIu na, zirc n| oxi de,

ot i n C L APDagaruR kP T tpCalse ehe Cehmalbidn 1 SE e Bo i Bhtne el fauer
mat eri al nhytbetde&lWedffeOM1mebyepu1£mh mﬂbshraneéudeaohnsbxggnrc

| | f
DOLHToLL7 BBRE1BRS! 2 HNLER 48n CHE ol OByl hee A HES SBASLL BnePXaTp) 0 O
f or mal deh?ﬁ@ai-’éfsl-lﬁsbeéé\i??aﬁwe@r%bﬁ%ﬂe‘se eedala@webbm@@ net hyl eni cal | y

unsat ur at edgG@FBOLBHA t 26h 1P| asztxoderéyatayeﬂh@ytmea |€ash one pendant
ves | east _one pen

acryl ate i socyapurate deriv

Sorylate BPRABnipBnSTAELRe Bey oy biadcR SOl Bhtad A EREn IR HE . Lover
| ayer lo6etveptcahhy thel CHR appar20Gsni$ usedkwbtlrkotiget opad, conposed of a
mat eri al meric film paper, cloth, a netallic filntor t he
like. Frxegﬁ'Ih 5?528%§r.sh|ng pads are descrrbed in - N OV 2002

detai|l in the folBPaRk RPU:shing asatdony Bl &5 i\ﬁlﬁlé‘ﬁ‘eéré Fﬁ’@'@r’-ﬁ’&rdat ed by

reference sla,r ¥92r3hde hmuse. ONAECHODESh NG 992at Dowils s a t ard STRUG URED
ABRASI VE Al géﬁ 5,342 éﬁ?g i ssued, on Augqust 30, .1994. a gﬁentltled

ABRASI VE RESTEAUE R A2 CORRRGE B DY FATHEOREZ BRCET TR

| NCORPORATI NG SAME, AND METHODS OF MAKI NG AND USI NG SAME; 5, 368, 619, issued
on Novenber 29, 1994, and entitled REDUCED VI SCOSI TY SLURRI ES, ABRASI VE
ARTI CLES MADE THEREFROM AND METHODS OF SMAKI NG SAI D ARTI CLES; and 5, 378, 251,
i ssued on January 3, 1995, and entitled ABRASI VE ARTI CLES AND METHOD OF
MAKI NG AND USI NG SAME. Fi xed-abrasive pads are avail able from 3M

Cor poration of M nneapolis) Mnnesota. Referring to FIG 2H, at fina
polishing station 25c, the platen may support a standard polishing or

"nonfi xed-abrasive" pad 110, i.e., a polishing pad that does not have
enbedded abrasive particles, having a generally snooth polishing surface
172 and including a single soft layer 114. Layer 114 may be attached to

pl aten 30 by a pressuresensitive adhesive |ayer 118. Layer 114 may be
conposed of a napped poroneric synthetic material. A suitable soft
polishing pad is available from Rodel, Inc., of Newark, Delaware, under the
trade nane Politex. Polishing pad 110 may be enbossed or stanped with a
pattern to |nprove dlstrlbutlon of sIurry across the face of the substrate

a 1 oA AN o s o,



1 5 N OV 2002 pad, with the upper layer conposed of |G 1000 and the |ower
I'ayer conposed of SUHA-4, is available from Rodel (IC 1000 and SUHA-4 are
product names of Rodel, Inc.). Polishing station 25c may ot her i 5 N 0¥ 2002
identical to polishing stations 25a and 25b. FIGS. 3A-3E illustrate the
process of chem cal mechanically polishing a | ayer, such as an insulative
| ayer. AI@lh%'ﬁbﬁahﬁYrﬁ§élc§t1V@eCPW@FQF‘;*? dRofn varﬂ?%sﬁi&%&}’dmd%\f@ﬂl on

may al so bgiderpbtabhen gg RE isHBp1gedl toRkak! Ipm%%%@ﬂp%n) i Cah hgyers.

As shown 1 n Fl 3A, substrate i ncludes a netal, | ayer as “copper

or tungstShUTBYAESREE @RT, 52| | IB8 ReAEShiRg Higuie 508 sheuldinos eit her

patternedc@ﬁtsmpaseds@nea a&fch@ueed Undebblll%ﬂn@y%rta%(iohhétsd t ghas a
non- pl anar futer sui ace. § i nsul ative | ag 5)5 such as  silicon dioxide,
i s di sposka! bIBI Fe éf‘lullgy b gongpiningeAeigraszed YAtERs iBaSWPRLlisfer 16

al nost exa@ttuerpalnehtﬁg paa undtab;nbg stLuretyy/rdnsel agwt 2.1 ayer 14,
i urface of the

creating es o] a d val Leys so_that the_exposed

substr at eg?i hn%| iﬁ%‘ 5Aé%g E@¥s§§§ aﬁSOg?l&g EGFr} epﬁ‘ir ﬂ‘lee?narl zation
is to pol(ehgipssiaticaephaydcled doti bxite polfisbdngd fhdt aand fini shed.
Unf ortun I i,ghj,n dy S is the
creati onaéﬁéasg%crzggfﬁgé‘gign@%\g tS%eerQ s(ér ?age # héﬁrﬁ‘esgpglg%&gugsgr ate.
Furthernu¢nldaspdl$§bssed .ab@he, congenndariphngfneggntBaygsr thigoul d not be
exposed. Jbyssnphkl 30lGasnlipRcaTErebeRran SBRdhEibhe1LaY EheBYi BY 2

target thickness re I NS _ov l'ayer. The targ ness T may
be about BObiEBinGodigHde: ﬁ@#smamefiéf-lfpﬁgfrempme BH, °§uB§’€L|1&'Pén$0 is
initiall ylpq{mahgdbat pol i shing stations 25a and 25b WI th poI ishing liquid
50a and one or el d abrasi ve ¥o| i shi Qﬁéﬁfﬁ 1 N OV 2002 100.
As shown in FIG ST 35" JY ?l':rw‘? r%l%?%esji% 16 is
subst anti ahpplpl anbeszed) plroendet b2ukraygeoschke surfiageaplythech as the
peaks and . h be t v . esi.d ilm218
$ELEAAGNANA DORR BUBTLAR! LaLLY. RADY B, 2001 dehCRb URYCL

havi ng aft nes rémai ns over the ess hi"cknéss of
the resi daad WeEnthe egiret podishingt pade haRache sdupryt/sinsgearnr S8ches

120. Speckibgakhyiybiis SUvelaesspbaffakohs18B04hot 08nbini ORfliendst ron,

e.g., up to abhqut 50Q angstrons. The | aser Lnter eroneter 90 gsee FIG 2A)

may be usEH°t’6daeﬁePﬁrﬁﬁép\ﬁﬁ’éﬁuﬂfﬁeréf}ﬁt Pit Ehgaboddghipg| PadedtuRiel a
ggfldﬁal éguebfwehhhtbﬁywﬁ?%?gdahglebﬂass?bﬁmngneycréen ;eferrlng to FIG

t he substrat Ol | she { | N Ol 1 t.1.0n usl
polishing liqui deg'(ﬁ) cf“%f%n’d@l" cﬁ%‘fl %ﬁ% r’l’??é"s S raeﬁr&g is
pol i shed Esbngayhbespbquﬂqnem bgtpadnunenghbesndgapolnshxmg gtattomeed and
an '”SU'aEBXe é?%e nﬁTz%Qe erakﬁiﬁénﬁé%tIoh?”?kHéeOUEé LDSsE?&@és'ayer

as shown 1 n he scratches cau \5/ ishing wth t
fixed- abré§F@é‘ 5heY deays ithe Poliehingn8tabaoRsd 25b are rem)ved by

pol i fhlhng avva%/ t e f@ﬁé&d&lﬁiaefmxémwﬁéh&t@@ébpcﬁo 98 > eiad cikd Th;JS f
scratc efects.are reduced an ess S ri o]
t he insul 8C°VE |18;‘7'SF By 1§‘r?a|ba‘f d g gé ngﬂieep ggdg'g%?ég?vg%pgl?sﬁl ng

pads, whi cl&mtsrnpbsmem raada is molt:ytedathevﬁpal aboubrascaropaeli axes or
condi 1 onigRdpy Pl LAY, midtoo BsbRRb1 01880t 3R’ dgrhbhhadenifiehisd onlY

bufflngls performe e final statidon an final itlon |e5|dle
whi | e pol 22hi n&eF‘é'-Q&'elﬁQ?rtrr&? SUPPRELE| RsFazPrged88RBOLE APFBRE, €

pollshlnga!hﬁw@d-iﬁb A Y Hed moabhaauuespaburcbasrﬂeﬂ heaarsystem@e

insul ativ ay ere h ipa oI [

decr easi n§° e’rﬁ&'l t?b %& ﬁ‘gr Pr 8? ghg ggp igéhlgﬂsté'?at i ons
and furt hmeqew&asumgmlm subatratﬁev éodzpphﬂ-ébghbe!‘ anPﬁﬁéP!-P@m
polishing with the soft pad hel ps renove polishing debris fromthe
substrate surface.

-6-



Alternately, the substrate may be initially polished at polishing station
25a with polishing liquid SCa and a fixed-abrasive polishing pad 100, and
then polished at polishing stations 25b and 25¢c with standard pof ENoVQop
pads 110. For exanple) particularly in metal polishing, copper |ayer may be
polished with the fixed-abrasive pad at the first polishing station, the

barrier themrag@inde phei pbeishihg padbasdathe pplacdhBdoBapolestiing?

two- | ayer $aqé at %he gecona gollshhng statlonh agd t he scratches may be

removed TFIHARBt HRP - 2PGndaPBepBEi EAengaphtet ehgad gysEemspzeredvesne third

pol i shi ng stbstpateDEfbar and geliebisgal sabscisavaytbetganpkeed to the three

polishin statigg?h The invention is not l[imted to the enbodi nent depicted
e

and descTTHeHOR r, the scope of the invention is defined by the
appended cl ai ns Théhdtours cdmtien Head si3temd 5 0MET 0 @Qel moAinteichash of

olishin t o] Lsi pg: _ghem cal I C | i shi he
gubstral%a€?§%g§ %?éﬁ%?%bﬁgé#éeggo?ﬁs§§%§f5§ﬁ5ﬁgff|lﬁ{eggaéﬁbgﬁgﬁ lally

pl anar i zeayowsell caeh$ cét . neCanherapopvl 62 hipwicthebsarangedi nbtar
non-f i xeds Lye L,.Shy N o V, S : met hod of
clain11?g%ﬁ§%€?%¥tﬁ£9+?§g -ggggsféep%§€?sﬁ?ﬁ%%%aﬁéﬁéf %%af%ﬁrggga first
pol i shi niead a8Ysre®? ZA0aoVPahpRg EPRPaPRPILTaLRS t et 3ehed| Kbarabrasi ve

pol i shi nghpae tsrbesal edxdk g4second polishing station of the polishing
ol Shi ng the SBRSH S5F T4 BEREL T4 70a-J0FaaPeIvpas i T at a
third pobtsbapgietahead beforr parrsérngrive shdft rad ecohnébessgcond
pol i shing, SLaLLOead  rIPE TBA"RECOE 562t hdim Y 1L SQRBLLP! 0 one
quarter of cover 68) to carrier head 80 so that each carrier
head 80 can independently rotate about its own axis. There
is one carrier drive shaft and motor for each head. 1In
addition, each carrier head 80 independently laterally
oscillates in a radial slot 72 formed in carousel support
'plate 66. A slider (not shown) supports each drive shaft
in its associated radial slot. A radial drive motor (not
shown) may move the slider to laterally oscillate the
carrier head.

The carrier head 80 performs several mechanical
functions. Generally, the carrier head holds the substrate
against the polishing pad, evenly distributes a downward
pressure across the back surface of the substrate, transfers
torque from the drive shaft to the substrate, and ensures
that the substrate does not slip out from beneath the
carrier head during polishing operations.

The carrier head 80 may include a flexible membrane
(not shown) which provides a substrate receiving surface. A
description of a suitable carrier head 80 may be found in
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chem cal nmechanical polishing the substrate with a second

non-fi xed-abrasi ve polishing pad at a third polishing station. 5. The

met hod of claim4, further conprising supplying a first polishi mh5INgWwzs2t o
the first polishing station, supplying a second polishing liquid to the
second polishing station, and supplying a third polishing liquid to the
third pol i $hiShg Ratantodppd.ichtdanetSaniadf N9 aitB /1745 u679erenvipiedi ag

suppl yi ng f IS Ry |J G ' siv, hehing pad -14
SUEP You 2GR IER BRA Wt o BHekiste iRt AR | CHBLERL

non- f i xedaMEGHANIGIG! IROLLSF ING SYSTEMe fidieth Nasrendiex n8 6, 1 $9€r ebyl t he
first poli sy I Ul If1f er ; t | Lshy l'iquid.
8. The net ﬁé(;t'(f%r{ ﬁaiﬂmﬂé?%m%et?eglln' t %gss@égrﬁga%ol%?ﬁgg{%ﬁgdéﬁoﬁﬁgi ns

abr asi ve p&R§SETds inyentionvetisd eatt idenidherslagnsieiaf (Weieh x&9- abr asi ve

pol i shi ng pathdid ey HerdIREby PeFerdiiéed | Oover layer. 10. The nmethod of
claim9) wherein the upger | ayer _of the fixed-abrasive ohishing pad
i ncl udes abrasi ve BREEREIRG| BOi RIE- pERde?N n@PEFFYUFe 9% NPlE A8t ASd of claim

?, wheLei n fid¥enddvay éa;a:)rerpl?ftetTad ia_?ﬁaj]:aa:tfz%&is\{ﬂrmid ls&ﬁﬁwa@a%biﬁs slel ect ed
romthe group consisting af po ric film, paper, cloth,. and netallic
film 1. THRERH HoU BHPCHHON PE e &G 1S i Pad QR HRG | Aot ng
pad i ncl udethen frarspdrarr Wwindowdiie may e etdrstearted secbssbtthyed in

I ncl udi ng r felt qfi . i LRE t | m in the
non- f i xedagl?'ggs?‘i \E/‘PZa%geotl 2‘}% r}d%?&%nniﬁéf&gg a 'a%&ls?ogr(?o:’gde’d %’?t%@f;;%c?orreri c
mat eri al . METHOOIH RPRYIING rani TRANS BARENT WZdWAWa\IdY Ao rPQLEIING RAD

conpri si ng:roRl A CHEMICAL MECHANICAL POLISHING APPARATUS by Manoocher
Birang, et al., filed August 26, 1996, and assigned to the
assignee of the present invention, the entire disclosure of
which is incorporated herein by reference. The hole 34 and
transparent window 36 are positioned such that they have a
“view” of substrate 10 during a portion of the platen’s
rotation, regardless of the translational position of the
polishing head. A laser interferometer 90 is located below
platen 30. The laser interferometer includes a laser 94 and
a detector 96. The laser generates a collimated laser beam
92 which propagates through transparent window 36 to impinge
upon the exposed surface of substrate 10.

Laser 94 is activated to generate laser beam 92
during a time when hole 34 is adjacent substrate 10. In
operation, CMP apparatus 20 uses laser interferometer 90 to
determine the amount of material removed from the surface of
the substrate, or to determine when the surface has become
planarized. A general purpose programmable digital computer
98 may be connected to laser 94 and detector 96. Computer
98 may be programmed to activate the laser when the
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form ng a layer "on a non-planar surface of the ~ 5 N OV 2002 substrate,
chem cal nechanical polishing the ayer with a fixed-abrasive polishing pad
until a residual |ayer remains over the surface, the residual |ay§NOa28020
a thickness equal to or greater than the depth of any scratches therein;
and chem cal nechani cal polishing the residual layer with a

non- f i xe§uBBEZ3E@cOPerl t@P nEhpadindoventoeshnyes measuresent® fiam net hod of

| 14 | |t
The dept EBr GeEeBbR? EaCAtkglay WAk RaZadrLfefla®an J0PCREATE ©\ 1 c0ue! 1O
resi dual dexjer Bas andhtekdetectftheonolishing endpoangst mens. 17. Th! ~

met hod og eSk2iBbd4in €6€éﬂeﬁ9§8}1&&'un§c Qt&ﬁ{: Rggﬁgmow Sa4ihe

non- f i xed- abr asi ve g I shing pad ceases aving a target
t hi cknes¥oreRB7/A89092P -t he nonpl anar surface 18 The nethod of claim 17,

wherein the tar g},{l]_t]_hlrc‘elf@gszngs PG .34, ,t @l G3GANgHd Hecond 16- Y 15

NV 2Oozpollshlng stations 25a and 25b, the platen supports a fixed-
abrasive polishing pad 100 having a polishing surface 102.
The fixed-abrasive polishing pad 100 includes an upper layer
104 and a lower layer 106. Lower layer 106 may be attached
to platen 30 by a pressure-sensitive adhesive layer 108.
Upper layer 104 typically will be a 5-200 mil thick abrasive
composite layer, composed of abrasive grains held or
embedded in a binder material. The abrasive grains may have
a particle size between about 0.1 and 1500 microns, and have
a Mohs' hardness of at least 8. Examples of such grains
include fused aluminum oxide, ceramic aluminum oxide, green
silicon carbide, silicon carbide, chromia, alumina zirconia,
diamond, iron oxide, ceria, cubic boron nitride, garnet.and
combinations thereof. The binder material may be derived
from a precursor which includes an organic polymerizable
resin which is cured form the binder material. Examples of
such resins include phenolic resins, urea-formaldehyde
resins, melamine formaldehyde resins, acrylated urethanes,
acrylated epoxies, ethylenically unsaturated compounds,
aminoplast derivatives having at least one pendant acrylate
group, isocyanurate derivatives having at least one pendant
acrylate group, vinyl ethers, epoxy resins, and combinations
thereof. Lower layer 106 typically will be a 25-200 mil
thick backing layer, composed of a material such as a
polymeric £ilm, paper, cloth, a metallic film or the like.

Fixed-abrasive polishing pads are described in
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19. A nethod of polishing a substrate, conprising: chem cal nechani cal
polishing a substrate that has a wafer, a first non-planar |ayer disposed
over the wafer, and a second |layer forned of a different materyal ng\apot he
first layer disposed on the first layer with a first fixed-abrasive
polishing pad until a first portion of the second |layer is renoved and the
subst r at e dezaddbsitrartthienl fgl hdwinmg i Ued; pavental adthefii whlicholirehi ng the

substrat e [ | vee poL b shi ag ti nd portion
of the secl\(l)Mnct aﬁ%%]d?*e%és)ﬁ%%&% e ?S%ﬁefrgf\l'/z& ?gg‘c‘}gghé# ggl‘?%%&,rhani cal
pol i shi ng & HoRubandtentitlhed $TRUCTVRED ahBRASVT¥EPARTIALEg Pad4Re4adnove

any scrat m% ai 9 ls N S ' walr asi ve
pol i shi ngq{)}’gg} eldgqinocat @%a@g, ﬁt 9r§ ! p%%’%s%?%\gégggt %\%ﬁﬁg{[{lg %8&??%?%‘%9

appar at us HAHNGs dc GIRNTRlER RATEE \RF pEROSEONg MRBICBESoENCORPARATINGCON
pol i Shing i, QTP IMETHOBP| O VAT REPRGS ! USTNGNSABS B08ERXEdpabr asi ve
polishing pad is located at a thir ol 1shing station of "thé poli shing
appar at us.:ssugg o Nqvember 29 a1 1994 agandognt bt hed, REDUGERQVASSOAITHI. A 3

T: n%%)\GHrsl}URRIEs , ABRASIVE ARTICLES MADE THEREFROM AND METHODS oga )
| ona) caly cogs el RN ELEUEs s 8 SR B T Rt ian ARy S L LT
L) e e e e e L
YZZZ[ | wr nh%éqﬁaq %@] caf%%a%i?%’a?ﬁ cé?%%] %%? cg?gé} é%}%a?ﬁaﬁncg%c aj cg] c
a] cal] ca] caxnpxjmagdiar d & Ny g apa ) 9] dddfnesota.
LLIVIRITT] - h_pORaphanEhBViNeRe C Sa0 areeanany ol oWizdl saduagld cal cal cal
caj ca] ca] ca] ca] cafca%]gcg? aU]gcaFca] calca cg?'cg]lcg% Céll] cal ca] cg} c%éﬂ cal ca] ca]
ca] ca] cal j Hihg platen n@a bHepeh \A Reandrie ceebiah g f oF V|'Bakcal] caU ¢
a] ca] ca] c wadsalm enjoal gad £ed catl €2] cal }9@1 La£RG &9&& afkat cabes] gat c&al ¢
a] ca] Ica] cglcaljca TeClh 9110% /& ()-2z). 9l 10005&‘81-2) Qé&O(VQ]\./f& é,},&élﬁ
10% & () - £maedgrsaPY3IIve @aahhel ey . ARkiRger (Jenatrliy)

polishing surface 112 and including a single soft layer 114.

Layer 114 may be attached to platen 30 by a pressure-

sensitive adhesive layer 118. Layer 114 may be composed of

a napped poromeric synthetic material. A suitable soft

polishing pad is available from Rodel, Inc., of Newark,

Delaware, under the trade name Politex. Polishing pad 110

may be embossed or stamped with a pattern to improve

distribution of slurry across the face of the substrate.

Alternatively, polishing pad 110 may be a standard two-layer

pad in which the upper layer has a durable roughened surface

and is harder than the lower layer. For example, the upper

layer of the two-layer pad may be composed of microporous

polyurethane or polyurethane mixed with a filler, whereas

the lower layer maybe composed of compressed felt fibers

leached with urethane. Both the upper and lower layers may

be approximately fifty mils thick. A two-layer standard
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F109&' ()-M K 9t110% U U& ()-9t!10% & ()-$L10% U&' () -
pad, with the upper layer composed of IC-1000 and the lower
layer composed of SUBA-4, is available from Rodel (IC-1000
and SUBA-4 are product names of Rodel, Inc.). Polishing
station 25c may otherwise be identical to polishing stations
25a and 25b.

FIGS. 3A-3E illustrate the process of chemical-
mechanically polishing a layer, such as an insulative layer.
Although an insulative layer is shown and discussed, the
invention may also be applicable to polishing of metallic
and semiconductive layers. As shown in FIG. 3A, substrate
10 includes a metal layer 14, such as copper or tungsten,
disposed on a silicon wafer 12. The metal layer 14 is
either patterned or disposed on a patterned underlying layer
g8o that it has a non-planar outer surface. An insulative
layer 16, such as silicon dioxide, is disposed over metal
layer 14. The outer surface of insulative layer 16 almost
exactly replicates the underlying structures of metal layer
14, creating a series of peaks and valleys so that the
exposed surface of the substrate is non-planar.

As discussed above, one purpose of planarization is
to polish insulative layer 16 until its surface is flat and
finished. Unfortunately, one problem with polishing with
fixed-abrasive pads is the creation of scratches in the
outer surface of the resulting substrate. Furthermore, as
discussed above, the underlying metal layer should not be
exposed. Thus, polishing should cease when an insulative
layer having a target thickness T remains over the metal
layer. The target thickness T may be about 300 to 1000
angstroms.

Referring to FIG. 3B, substrate 10 is initially
polished at polishing stations 25a and 25b with polishing
liquid S0a and one or more fixed-abrasive polishing pads
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100. As shown in FIG. 3C, the substrate is polished until
insulative layer 16 is substantially planarized, i.e., the
large-scale topography such as the peaks and valleys have
been substantially removed, and a residual film 18 having a
thickness D remains over the target thickness. The
thickness of the residual film is equal to or greater than
the depth of the scratches 120. Specifically, the thickness
D may be about 100 to 1000 angstroms, e.g., up to about 500
angstroms. The laser interferometer 90 (see FIG. 2A) may be
used to determine when the substrate has been polished until
a residual layer with the desired thickness remains.

Then, referring to FIG. 3D, the substrate is
polished at final polishing station 25c¢ using polishing
ligquid 50b and standard polishing pad 110. The substrate is
polished using the soft polishing pad until residual film 18
is removed and an insulative layer of the target thickness T
remains over the metal layer, as shown in FIG. 3E. The
scratches caused by polishing with the fixed-abrasive pads
at polishing stations 25a and 25b are removed by polishing
away the residual film with standard polishing pad 110.
Thus, scratch defects are reduced and process yields
increased. The majority of the insulative layer is
planarized by use of the fixed-abrasive polishing pads,
which do not require a slurry that contains abrasive
particles or conditioning. Furthermore, in contrast to
polishing methods in which only buffing is pefformed at the
final station and the final station lies idle while '
polishing is performed at the first and second stations, the
polishing liquid 50b may contain abrasive particles and a
part of the insulative layer may be removed at the final
polishing station, thus decreasing the polishing time at the
first and second polishing stations and further increasing

-12-



10 U 10 UmHHHHI&* ((_= 10

U q 3"10%gg& ()-,!c 3" 10%g?g?& ()-, 3" 10%& ()-, $10%g& ()- 10t 10t

10t1 410% & ()- (******+,~ = 10 U A 9! 10985& ()-, 9! 109%6&’ () -, YEIP¥EHROW opge 100
10g 10g410%g& ()-!q 3"10%g& ()-,,.L/ 0qlrisit1| 1zl Pl 19®- 10%m& ()- 1055

throughput. In addition, polishing with the soft pad helps
remove polishing debris from the substrate surface.

Alternately, the substrate may be initially polished
at polishing station 25a with polishing liquid 50a and a
fixed-abrasive polishing pad 100, and then polished at
polishing stations 25b and 25c¢ with standard polishing pads
110. For example, particularly in metal polishing, copper
layer may be polished with the fixed-abrasive pad at the
first polishing station, the barrier layer may be polished
with a standard polishing pad (e.g., a two-layer pad) at the
second polishing station, and the scratches may be removed
with another standard polishing pad (e.g., a soft pad) at
the third polishing station. Different polishing liquids
may be supplied to the three polishing stations.

The invention is not limited to the embodiment
depicted and described. Rather, the scope of the invention
is defined by the appended claims.

What is claimed is:
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101 4109%&' ()-'{0° 1 109%& ()-,!< "110%& ()-, !109%& ()-, ?WBFFFFFFG~_@ 1%9s&
"109& ()-,1% 10%&A methdd ¥ polishing a substrate, comprising:

chemical mechanical polishing the substrate with a
fixed-abrasive polishing pad until it is substantially
planarized; and

chemical mechanical polishing the substrate with a
non-fixed-abrasive polishing pad to remove any scratches.

2. The method of claim 1, wherein the fixed-abrasive
polishing pad is located at a first polishing station of a
polishing apparatus and the non-fixed-abrasive polishing pad
is located at a second polishing station of the polishing
apparatus.

3. The method of claim 2, further comprising
chemical mechanical polishing the substrate with a second
fixed-abrasive polishing pad at a third polishing station
before polishing the substrate at the second polishing
station.

4, The'method of claim 2, further comprising
chemical mechanical polishing the substrate with a second
non-fixed-abrasive polishing pad at a third polishing
station.

5. The method of claim 4, further comprising supplying
a first polishing liquid to the first polishing station,
supplying a second polishing liquid to the second polishing
station, and supplying a third polishing liquid to the third
polishing station.

6. The method of claim 1, further comprising supplying
a first polishing liquid to the fixed-abrasive polishing pad
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1F!10%ﬁ4§3*§55§%$ﬂ;5’5'second polishing liquid to the non-fixed-
abrasive polishing pad.

7. The method of claim 6, wherein the first polishing
ligquid has a different pH than the second polishing liquid.

8. The method of claim 6, wherein the second polishing
liquid contains abrasive particles.

9. The method of claim 1, wherein the fixed-abrasive
polishing pad includes an upper layer and a lower layer.

10. The method of claim 9, wherein the upper layer of
the fixed-abrasive polishing pad includes abrasive grains
held in a binder material.

11. The method of claim 9, wherein the lower layer of
the fixed-abrasive polishing pad is selected from the group
consisting of polymeric film, paper, cloth, and metallic
film.

12. The method of claim 1, wherein the non-fixed-
abrasive polishing pad includes a first layer including
polyurethane and a second layer including compressed felt
fibers.

13. The method of claim 1, wherein the non-fixed-
abrasive polishing pad includes a layer composed of a

poromeric material.

14. A method of forming a planarized layer on a
substrate, comprising:
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fixed-abrasive polishing pad until a residual layer remains
over the surface, the residual layer having a thickness
equal to or greater than the depth of any scratches therein;
and

chemical mechanical polishing the residual layer
with a non-fixed-abrasive polishing pad to remove any

scratches.

15. The method of claim 14, wherein the residual layer
has a thickness approximately equal to the depth of any
scratches.

16. The method of claim 14, wherein the residual layer

has a thickness of about 100 to 1000 angstroms.

17. The method of claim 14, wherein chemical mechanical
polishing with the non-fixed-abrasive polishing pad ceases
when a layer having a target thickness remains over the non-
planar surface.

18. The method of claim 17, wherein the target thickness
is about 300 to 1000 angstroms.
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19. A method of polishing a substrate, comprising:

chemical mechanical polishing a substrate that has a wafer, a
first non—planar layer disposed over the wafer, and a second layer
formed of a different material than the first layer disposed on the
first layer with a first fixed—abrasive polishing pad until a first
portion of the second layer is removed and the substrate is

substantially planarized;

chemical mechanical polishing the substrate with a second fixed-
abrasive polishing pad until a second portion of the second layer of the

substrate is removed; and

chemical mechanical polishing the substrate with a

non—fixed-abrasive polishing pad to remove any scratches.

20, The method of claim 19, wherein the first fixed-abrasive
polishing pad is located at a first polishing station of a

polishing apparatus, the second fixed—abrasive polishing pad is located
at a second polishing station of the polishing apparatus, and the non—

fixed-abrasive polishing pad is located at a third polishing station of

the polishing apparatus.
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