; e36A0Al 4r66l TKF r , 2 0 FEB 20p3 , A TECHNI QUE FOR CHEM CAL MECHANI CAL
POLI SHI NG SI LI CON Background The present invention relates generally to
*chemni cal' nmechani cal polishing of substrates, and nore particyl é% to a
techni que for chem cal nechanical polishing silicon. An integpg% 2003r cui t
is typically forned on a substrate by the sequential deposition of
conductive ctlve or insulative layers on a silicon wafer. After
each | aye W&N it my be etched to create circuitry features. One
fabrlcatl nvolves the formation .of vies, plugs and lines to provide
conducti ve pat etween thin filmcircuits. Vies can be created by
depositing a conductive |layer, such as polycrystalline silicon (polysilicon
or p-Si), over a patterned insulative |ayer, and then planarizing the

pol ysilicon | ayer by polishing or etching until the insulative layer is
exposed. The portions of the polysilicon |ayer renaining, batween the raised
pattern of the i AsTEGHNIQUEaFeR: EHEMIQAIC MECHANIGALQBOLEIBH ING\&ILIcOFhenn cal
mechani cal polishing (CMP) 1s one accepted nethod of planarizing and
exposing the insulative layer. This nethod typically requires that the
substrate be nmounted on a carrier or Patkghowmdhead. The exposed surface of
the substrate is plac 3o 50 i ol i shi ng pad.

The pol i shing pad mayq%e g %gbtalgp%( 3&&: &g%??]kleg éc%)ram ve pad. A
* standard padChaslQﬂthﬂ%&ﬂéﬂ#Qﬂkﬂﬂﬂ%&?hénﬁfaéesubWEﬁ%ﬁﬁ§'aahdxadrabraS|ve
pad has abrasi ygreachiskey 414l ddbrhique? BrFERRROND eRRERLREENT Todi o
The carrier head_provides a controllab .e., pressure, on the
substrate to pBShiphingafhkicehe polishing pad. A polishing slurry,

.including at |east ong qm@geab;ba eea@mwemgswicam EOFREd Véh Rarticles
if a standard pag is used, or a ch %3 a éon W t hout abrasive
R ddq! ePES

particles if aSP §5a58r3¥|5%ﬁpﬁﬁﬁq%9 Bh? i SPBRELERr f ace of
thF_pﬁ!|sh|ng padicén?eétecélwg iﬂéﬁhﬂﬂyyesaayarsowﬂ)a[ummubdaSwaféfghh |

pol i shi ng rate ut als [ OVi trate,s ce ch is finishe

(1 acks small - §rr Sﬁﬁﬁ g?%ﬁr ’ﬁ%l cﬁp ?Iagékgtlrgéﬁgbesceélcb B kﬁBg?ﬁ%‘PﬁB. I'n
addition, " an ehhecMuueyCﬁ@apunesss(hnodabe$catnbmmﬁtat dinivedvésvelie pol i shi ng
of the polysill [ 580y t t j.nsul | ayer) and
erosion (renoval (mfalt?ég F?ISU Q?i : dfgh%“@&;&@a& b‘{FOr‘r)llt@% f'gh%'}s{g% 7v1
encount ered i npPEWRs patwieen| thiy i#ﬂmlﬂérpﬁﬂF§h|n§#Qﬁ 980l Yei treared dypers, is

non-uni f orm pO'de%'&'s'lﬂd.n&“Shcéﬁdﬁéﬁ@'l%%'r?dsuEﬁniﬁ oilyewysts \Meine which is
the tendency for the substrate, center tQ pol i shed nore"slowy than the

substrate edge Siti€oBeAPaLYSLLIFRM (AP Fﬁﬂrc&VF§ ? Rafitesned under pol i shing
(the renoval ofirs@Qaltitvel tageieramd )tratn planaeniind e podpsoiiéde

bstr at E | | i ghi tal t
Thor eage the amAHRE 8 HRLephiRe e oo AP LR S CrP i8R P or i on,
then the outeripnmmm@nedf t fibe sphst kartse ofi lthebpobysilidonshegerresulting in
di shing. and er Qs HA° URHEER OLke Nl edf phlEashiod ielee sRERLEES PX {1
0 € a

over pol i shi ng bstrate edge reduces the over at ness of the
substrate, naklkﬁyﬁﬁtﬂ%§m the BEQQerpkﬂg%li§de&§E°bf the substrate unsuitable

for integrated circuitchéidainine@hanidal esblisting’ QCRBS 4 Qide
accepted method of planarizing and exposing the
insulative layer. This method typically requires that
the substrate be mounted on a carrier or polishing head.

The exposed surface of the substrate is placed against a
moving, e.g., rotating, polishing pad. The polishing pad
may be either a "standard® pad or a fixed~abrasive pad. A
standard pad has a durable roughened surface, whereas a
fixed-abrasive pad has abrasive particles held in a
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2 0 FE8 2003 _ 3 Sub In one aspect, the invention is directed to a nethod
of polishing a silicon layer on a substrate. In the method,, the silicon
l'ayer is chemical nechanically polished with an oxide-poli shbr‘ug Eb;%&ay to
renove any native oxides, and chem cal nechanically polished ™w f
silicon-polishing slurry. ' Inplenentations of the invention may include
the following. The silicon |layer may be polished until it is planarized or
until an underlying |ayer is exposed. The first CWVP step steps before the
silicon layer is substantially planarized2or the underlying |ayer is
exposed. The first CMP step and a portion of the second CMP step may be
performed at t@eNEHRMEn) |“§M1ﬂg sff'g?l eArrige haadh pdogirest ap may be
performed at f | i shiph h X hing slurry
may be distri gﬁ%%%%ihjféoma&plgg:as ?'nls gag;:@&é% pT\ ?g% 'ﬁggggg%#%né%ef ore,
as) or after tPesBubStagaingts theonghtshhnd Rasht adt Pailikhing pburspi ng pad.

I'n addition, digé{fadihd Oft Ufeadte oRdl ERaMOEA BIYNRalil Y St bef ore,
as, or after distri bt&%dl’on ofe ; GOSI |cgn o |isv| na%giiurérﬁaa%{gh%p The

substrate may B’é’:W‘f%oP%‘tiﬁ‘Jésb&Ff Fnété #2794 RarditeMseRe 8BcdNd CVP step.

The silicon | ayRémi®y1 beonod iy yatabltngofadi v pardiensbovs gikigon or
singl e crystalébne silicon;, and the SI|ICO olis h|n slurry may be a

pol ycrystal | i n@°53$+¥9D |’55n|"‘r?§dsl &Fr?)’p% °pﬁ"5‘ s SUTEREBNOhorR& hi ng

sl :JI‘ ry, orI a ﬁpagiﬂlmmgqtz&lJ i 13 slflfleco:nvpod:umpntg:feslsuh:by oﬁﬂﬁpegtl Vﬁ| yf The
silicon-polishin urr seet|V|t of, at |l ea 5 The first
CMP- steppmay IBE% fﬂ?ﬁ %b‘b’[ﬁ“ %§§é8ﬂd§ te gb A5t pfﬂ?’ige?o 2five
seconds. 2 GuFEBréZﬂé)$urﬁzpdm wadchhés akrpmted tecksvemalbasésigli rect ed
to a method of BL?H&‘E&H "hd ASRELEs LidddmEhed o§1é§5%¥fshl#rgyer s

formed on a non-pFanar s ace of the substtate, ‘an o slurry
is supplied toaédsm@aceafé)fefafwlh"shﬁﬂa pa@ce%d:qonl@csabmnmeh s brought

into contact wWyiBnrife gf%?fﬁéﬁllﬁﬁyﬂ Ihetﬁéﬂﬁﬁffgf%;ESnbibgéLys& heycal

nmechani cal I'y polished e oxidepolishin nove a native
oxi de layer fréf &SskPFaEcthan (Hhe éF‘FFééﬁiY% yerif ?éﬁ’ erestemstrat e

contacts 't he pqkefbtaY sadehed ﬁigdngavgoigMng slurry is supplied to the
pol i shing pad, and the subst ite iS C mechani cal Iy polished with the

silicon-polishing sl uf@f SFCPLEPLEREY | % eP&yﬁPc?'%“ Rt C¥FY y
pl anari zed. Adpantageﬁaﬁiythe uhwmuehingyof nedlyce 16 Benf Di yowd ngLs The

center slow effect rovi.n Iatns d, finish
substrate, reduglgnakgffé}gn s&xi ds%gﬁg QQ |encsr°e§ |i Qt ﬁ@“ﬁ'l’&égg yi eI d.
O her features eeirfdcabl,vamiacgessmjthb b@@@'pafr efntr themmtm:n‘ao:lal @antegr tc

description, |Gl udhagnblcndtd Og | Sl udiat o DESGL] P OF the

Dr awi ngs i's a sc emat| c perspective view o cheni cal
mechani cal poI iCSRERY AppPartfect FtIYtBS“éNZ{e%HJe“séHeHﬁ#FEPQHﬁBUIQect| onal

views of a subgichat eembvaBisRlidt 1ieehai Axesrf1)t he PhESEMMtral
portiomn- of the- substrate. Equivalently, if the polishing
paraiietcxs- are- changed to increase the amount of material
rallﬂ.Véé.- from the substrate central portion, then the
outex ~pcn:t:r.mrl\- of the substrate will be overpolished,
resultidg in dishing and erosion. The underpolishing of
the substrate center or the overpolishing of the
substrate edge reduces the overall flatness of the
substrate, making either the centex or the edge of the
substrate unsuitable for integrated circuit fabrication
and reducing process yield. '



invention. Detailed Description Referring to FIG,|, one or nore substrates
10. will be polished by a chem cal nechanical polishing (CW) apparatus 20.
‘A description of a simlar polishing 2 0 FEB 2003 5 apparatus may be
found in U S. Patent No. 5,738,574, the entire disclosure of28HrER 2003

i ncorporated herein by reference. Polishing apparatus 20 includes a | ower
machi ne base 22 with a table top 23 nounted thereon and a renovabl e outer
cover (not shown). Table top 23 supports a series of polishing stations,
including a first polishing station 25a,- @ second polishing station 25b, a
final polishing station 25c, .and a transfer station 27. Transfer station 27
forms a generally square arrangenent with polishing stations 25a, 25b and
25c. Transfer station 27 serves multiplge functions, including receiving

i ndi vi dual substrates 10-from a | oadi n¢388&¥at us (not shown), washing the
substrates, |oading tfa subsasaees,itﬁq)ﬂdwencabniEs dpfsied @eelavi Ng the

substrates fro I Ro stra ain,_and
finally, trans eH‘](l?ng f%gléu%‘%?‘r ataesswg l.}){Eﬁr gdi’Hé gﬁﬁg?atu%" Each
pol i shing stat Fof nethedlesche rsitldicabl éapeatem @@ndm:ax&hmehnaamwged a

pol i shi ng pad. %Mlﬁ@ét&ﬁ!rﬁ a]rpjcﬁu.@i@ swbﬁm?cnux(&o% |Eln{> g,?% ol shing

"twel ve-inch" (300 mllinmeter) |arre er disk) then-'the
pad will be abBﬁFiY?\e‘Pﬁ%ﬂ#?ncWéBd Ghemaral yneeRandsealdy épénehedswith a

respectively. Eﬁﬁbc@ﬁaé@nﬁﬁ.ﬂai}sll&tir .rotatabl e al um num or stainless steel
pl ate connected to a platen drive notor (not shown). For nost polishing

processes the platen &F“P\}S“‘HBFBFJ'?H ALy &f‘@ﬁ“SW'&tm%hlﬂtq}-Wﬂs the hundred
revol utions petolllowigg. altﬁw@lﬂc@muagé: hhgih&re pRllABheRahngPeeds Ry be
used. At first an second?ﬁpo Icp’g'c qs gtlgns 25% and  25b, platen 30 may
support a. t wo- PA§RPEHATT <Y i ke RT HBORE Yetndf Pé?%?eim% an
outer |ayer 10GiwsthCHPrstef suspfsabefddd tlsea.ﬂ.l:.@onZBhyeIhesl nner | ayer of
t he -pad nmay be b L & Seash tive ., 2 0 FB 2003
- 6 adhesive Fg%%?gpﬁ‘gaig%%ﬂ a%(r%d )Sr e h%?%ﬁylﬂgn PRET i Hher | ayer.
For exanpl e) thapoaeér | Blyer £ imst lﬁechsnppsenidca‘ purdiopovdush@adasdmt hane or
pol yur et hane i full e i £l e conposed
of conpressedrrFe t %gpgylﬁe%csﬁéerdfo\;\nmgﬁ E?e%%née% o&g¥ﬁing‘i¥?ﬁ?ﬁ1‘ i ng pad,
with the outer lréyeﬁeéehéo@éﬂ Yien @ayobe perimRi0@taadplinealimerosl ayer

conposed of SUBA19shifigaveit fdis. frm@ BRegs- dmt‘snm be e lgvar e
(I1G1000) ICG1 go gnd %UBA—4 axe pr.oduct narr%s of 5 E@E% m%bae At final

pol i shing st at B3ACS5RUERR PR P H?&Q'sgﬁﬁgo?ideﬁtp&hiesﬁ%ésb&éﬂ BrRtieri ng a
general | y snmoovlersuef ase, 162 Sk n tﬁlenghassai&e lizy Broddht (S0 FI G 2F) .

This single Ia)é%r gag rr?‘\_/lb at t° ciré%qn QI gt X adﬁ‘géﬂsg pressure-sensitive

adhesi ve | ayer.” The So & conpbsed o ’ poroneric
synt hetic nat eldnaltrlb\usuon abf etksi)qumekpghlmr{mdlmsrnvmay adtap from Rodel ,

nc., under theeddade aaieoPolsdd asthespatisdido «iads; fhyope embossed of

starrped V\nthapattern nprove strl ution slurry. across the face
of the substratP@hEﬁéﬁg”pSHEW nfafktsei ofnesIbsrNIte Bayshe huffeadncl udes a

conmbi ned sl urrw;rtwsebatﬂﬁaasomoandf.s?e tHEe HRohdVeuy & pir@jeect s over
t he associ at ed Shl surfacelEach g%rl ?se ar m 52a- 52¢ may
i ncl ude two or Sgygrt'ﬁﬂésb%fg XGYs dtdEo% 0 amerPhoNg [y
del i very syst emnldcpnavudesiu@l@rcmtalituersialsic.ton,t hnd stiié aidd t@bn-t he
pol i shi ng pad. i y [ j ReYLde over and wet
the entire poli s Pﬁ%:ké uig’fé% 'ﬁ’ﬁr ry rP %Cié’fsrﬁ%g\lth%% SC%‘I ncl udes
several , spiny RidZ2shdB9( AbRIrEhAth PRRRPBAUYr HMiiigenaPal PR ine s dwrsysi nse of
the polishing padaalsihBteapdyotarAtle BRLLEOAHIARAIAGNELEEQAN NG CycCle.
respectively. The silicon-polishing slurry may have a
selectivity of at least 1:50. The first CMP step may
less than about ten seconds, e.g., about three to five
seconds.



2 0 FE8 2003 . 7 _ Two or nore internedi ate washing stations 56a and 56b
may be positioned between nei ghboring polishing stations 25a, 25b and 25c.
‘The washing stations rinse the substrates as they pass fron1one pol i shi ng
station to another. Each polishing station 25a-25c may furth gigﬁe an
associ ated pad condi ti oner apparatus 40. Each pad condltlone E us 90
ties a rotatable arm 42 hol di ng an i ndependently-rotating condltloner head
44 and an associ ated washi ng basin 46. The pad conditioner apparatus

mai ntains the condition of the polishing gad so that it will effectively
polish substrates. A rotatable nufti-head carousel 60 is positioned above

| oner nachi ne base 22inCanhouhek 59pé6t$tﬁ11§3rxtrﬁ‘énfmoﬁ ESNHCEePOSd Q7 aNd IS
rotated' thereon about_a carousel axis a carousel notor assenbly

b
| ocated wit hi n"HERRF Rt b%’s‘b““z'?‘n@@ntaelsuﬁc‘i%f'zﬁﬁ supports methwdeudel support
plate 66 and ascwedsn%ayéhrwseirnﬁ& bﬁChUdeﬁ-—;ﬁDaﬁaﬁé‘d’Lfﬂﬁceh%%dt§¥5tem5
70a, 70b, 70c nd_70d. Three o0 r.rier, head s ste recei ve and hold
substrat es, anaa}bﬁffiﬁet h‘%’h]w:{fr gﬁ'ﬁglf’ﬁeﬁ*“aﬁ’a’(n’s YR Y& SRi Ag pads' on
the platens of spofaséi af stmlmi‘s.n%@aﬂficandnen@fsum::arer iiar breaghsyst ens
receives a sub S te t fer station 27.
Z%Eﬁ dﬂé% lg e7§€§1§h§H u%%é. e J&ygiﬁatgubﬁ

The four carri are ed on carous ort plate
66 at equal angalaflymln%mm% ml@aﬂ-éusmlaﬂ%dmtmemeemxmde% 62

al l ows the car hIRL 081 & AlRno¥eOdSRLt SHEP d.to orbit
carrier head ssg?géns % Prﬁ(r?d t he sﬁbstra%espaﬁ%% el?ﬁrfggé:t%g 3bout
carousel axis egrfﬁaehc’éa%lw et Haap dpyeam 7dEEFOIEhSuRsdTagecarrier or

carrier head 8@onfa&8sltRs F61ighs d74a, SO0DE6H élicél{rd 's10 tation
notor 76 (shown bé&lt he lSl(BFEB %&15‘5 ® s §§90¥9cover

renpval one quarter
68) to carrier SHER4188 &9 F’Pu%\tp%]ai‘ﬁ?l@ﬁr PFQI' ARdqtha® %‘%Hﬁqrr?g@péﬁdent ly
rotate about lt:aemwaaxmschéﬁhﬁﬂm pmas@aarwetndfmaesﬁuaj‘dn—%dﬁmx%gf0r
each head. In aqditi onhgfg @tﬁc er a 80.ind endently | ateral ly .
t

oscillates in &+Pad¥al r?yfar bﬁs%\’ TPt ate 66. " A

slider (not sheplahastippdLts each drlve shaft inits assom ated radi al slot.
A radial drive notor ) sl i_der | at aIIy
oscillate the carrier ﬂae‘;ad& Vge; 8§?¥Pg[r)¥ 0&@6 9f g%v mechani cal
functions. Gendcdllbyinghe 'ChercmtﬂeaddmledgechelstLrﬂtcb a.guplrusing he

bol 1 shing pad. (KR eHbSh! LAY Ein AN WAL BhEERME AR ppNe Dack
surface of the substrate, transters torque fromthe drive shaft to the
substrate, and ddisSdngsandaerestonyind dnergaeingothe ngpcass yishdbeneat h

the carrier head duri rtstrm& ifitngeaPERAt AdPEntaled GALLI BE LGSR may
include a flexible m§ ng (pot cgﬁhown ich rowgﬂ_‘ a.substrate receiving
ths &plio

“surface. A descq*rl"ﬁ't Hhe 8y Eﬁﬁ“ TP SHETRYERSS i n U, S.
Pat ent Appl i cataman c3asmal. No. 08745) 679, entitled a CARRI ER HEAD W TH a.
FLEXI BLE MEMBRANE FOR a CHEM CAL. MECHANI CAL POLI SHI NG SYSTEM fil ed
Novenber B, 1996, by Steven. M Zun| ga et aI , assi gned to the assignee of
the present invention, the Buief; Bes I (© ) ) xg¥ ncor por at ed

herein by reference.” Fpfep, 12/i=2<§ lsl:huﬁae.@&ee,a:w&aeésr%ecuve view of
chemi cal mechani cal I'y pol_i shi a sj As shown in FIG 2A,

oSO & sy, prBapLes, ol AR ThopaERY. oo ol ' con i ok de.
di sposed on a. sen condPptg v e2A-@lcaresschenst v Jidossesepnienall A2ieWacot

i nsulative | aye g8 Jis 24l 95, DALLEIAPY hndl300SSE ik FreBahber ned

under |l ying | ayer so
invention.

Detailed Description

Referring to FIG. 1, ona or more substrates 10.
will be polished by a chemical mechanical polishing (CMP)
apparatus 20. A description of a similar polishing



g that it provides a non-planar outer surface. A polysilicon layer 16 is
di sposed over insulative |ayer 14. As shown, the outer surface of
‘pol ysili-con | ayer 16 al nost exactly replicates the underlying structures of
| ayer 14, creating a series of peaks and valleys so that the? &FEBs2003
surface of the substrate is non-planar. In other enbodi nents, other sorts
of silicon |layers, such as anorphous silicon (a-81) and single crystal
silicon, may be used instead of a polysilicon layer. As discussed above,
one purpose of planarization is to polisB polysilicon |ayer 16 until the
top surface of insulative layer 14 is exposed, thus |eaving polysilicon
Viha| bet }Neen Ebfai—aeuha&l&y&é Sﬁcan-gzls,ina?dSpOPyséTtm ﬁl,ugs,Bnqlanyh@ol g)s in
the insulative |ayer (see FIG 20O . .Uafortunate as, previously note one
probl em wi t h EBF?‘gﬁi ﬂgs'ﬁgﬁ%ﬁ? i%rgﬁ'hi Sy 8 &Bﬁ?’é?g’éﬁ‘iﬁﬁ E‘FI’@& . 23:”tf\i’t hout bei ng
limted to anyepacéhedl arpéhicsiing appagasasble tocheles at Neweent er sl ow
effect is the formation of | aver, Qf ti i n.the outer surface
o pol ysilicon™?&HaPes1 aﬁﬁe%?.‘l”h s%%satb;lgt gxﬁseéx'gg%%%cf&hpﬁgoﬁt A ptere. .
Al t hough t hi s resabirablexodeet ayeve nuindte sbrwnenel Table tope 23. suppothe order
of a few atom,c, S,.¢P Lyl 4 -nQlii.shi n | i ghly
sel ective- (i 'ae'sl,aggﬁé B(f)I ?J%%;f#éi%{keﬁgggggﬂsgg?%gé]ﬁfsao?i?ﬁgca conposition
of the surfacgobéshgngoktatier 1%2.a\P0iS@cPOH BALAGHIIY wtadilopi Rbi naul at i ve
ayer 14, CONSGRUENbLY 1 sREhs Ve MU 250 ChndSal BESRS RIS liciBn! B9, POI T Shi ng
of the polysilicon layer It7 Specifically,- the polishing paraneterg
sel ected for OHRPSERFPEFASHPMQS DI EQFMSy & GRRBR2MAY FARS ATXARGAMEALT or ar

pol i shing of tA@nNabilyanexydscheysis 2Ha 1n6B- WAl P5&) paldapisicag of native

oxi de | ayer Z8 |eads tg non-uniform polishing of pplysi]icon |layer 16. In
fact, despi test‘:ﬁé"ﬁi“gﬁg sﬁrﬁeﬁéﬁ"iﬁ)’(@'q ts_’t‘ﬁ‘c’tg@f‘act}‘?/%t‘lf}i&ﬂ t‘ﬁEeY"ing
pol ysi | i con- pdndikiidgall sabyrrates Noh fson’ ar diohgingyapgrarathki chegt |y severe

that dishing and erosion . resulis. Referring B, substrate 10 is
pol i shed at poﬁ“i°§‘ﬁ'i’ngWéf&%PSnL§%as‘ths4‘n‘Ig‘°aeg§tt&%ﬁ%ﬁ%h‘éﬁd sb%ﬂ-"w%ﬁ?ﬁg pad |00.
Ini-tially, oxiiteopalhiesitargiekuheyddlardceiviisgr that substrattes fobmstheg pad
surface via slurry supply.tu . (a3 i shi |_ur be
supplied to thcgr%e%s%%ﬁésbagggg?&c% es%rsg?agg,g iigdg}%r %g#t g#?ﬁ%’"
substrate "t ounters fegwingonhehsubstrath® bagkd&opshe sktaddngl urry may i ncl ude
dei oni zed wat &lp a Silica abrasive particles, and a chemcally reactive
agent, such as p?bt assi um hydroxi de (KOH), which may al so adjust the pH of
the slurry. AlternateEgch i @atishing sEafiph otretyfes 2arotatiR 9 fidFen
Chlem P?! Iy rleam id&ﬁgﬂﬁ&{u iis}‘ pﬂfﬁb@eaeai;s&n_&drll-x_ricn@ plba. KGH: @wﬂs&&hagt $0.]E he
pol ysilicon | ayer. suita oxide- shing slurgy. is availa rom
Cabot Corp., sﬂﬂo?é?khﬁﬁbi :‘fggnﬁgi’ijt%%t%)aé’é n%"r?é‘v§§}f‘§i.‘ er, as
represent ed bymill GmeéXar)aldtamptermmdiisit aihenafther platers wWisk paléshiasgbeen
brought into Gold 3ady JWid ag,@a:%aﬁt%%am o Unirdy l§lcHedSEnt Nan about.
tea seconds of* polishing, the apparatus starts stributing
pol ysi | i con- potiansters|naspecsinely. t HEagivPiateng3PaRY P& Race via slurry
supply tube 59ge i€ d1ERIaERNbe! seMidld Frrel! pLaty RUnnskead sburry
could be distributed after aboutFJ lzlSt t?q_(rfee to five secongs Bf ol i shi ng.

y Me HE84"

The oxi de pol i EHPHEREATIRMOGREY (BRF | ' FRFp™H BS t the start
of the polishi pgocgeses,; whed platgn\rive tnetqr xbeates pglaceghBuptto t he

desired~ rotat|j S ) C i i ri provide
the desired |l o gp%ngéeﬁhog%%gtd?\?g gé?%gﬁj%&%?ﬂ&zﬂ{)&% féggoa&h is very
thin, oxide polewdrngr dagherc Fotatippakrshends MANaPe p@slds and pressures
than polysilicon polighi #8rsdNgndefddbnidngolishivey tlasbhs CP3k RAId Shi ng
slurry distribution shoul d general Ig coi ncide with t&e, rldl ng 8f @](Sue

di stribution oPiPnePbater-IbmMahisHEPLr b3 FWoSHAYEF R ’ﬁ?‘, ng; B2 b8P on of
th?dp0| lY_Si lhl CORaIt?th;sbﬁ NOhrfd2iayeray 06t sud axatitley heyek fSIOrG'r Biithoa of the
oxi‘depol i shing slurry stops. ternateLy, & st m.Qu e

pol ysi | i con- polrf:’é‘ﬂf‘néms'%ﬁ% }#&y‘sﬁggkﬁaf uzs‘% "af t'ﬂg? g{“g riqbatﬁelt}oﬁfo'f:h? he

oxi de- pol i shi npagl mayybenstached tat phaten (3G Py & Bresyyaanceasibivee
polishing pad for a brief



period, e.g., |less than about one second. Alternately, distribution of the

pol ysilicon-polishing slurry may ', begin just before di stribution of the
+oxi de-polishing slurry ends, so that the two slurries are pro% qqg% the
pol i shing pad sinultaneously for a brief period, e.g., |less than

or three seconds. The polysilicon-polishing slurry may include delonlzed
water, fornmed silica abrasive particles, and an am ne-based chem cal -1y
reactive agent which may al so adjust the pH of the slurry. Suitable

pol ysi li conpolishing slurries include EPP- T000) EPP-1060) and EPP1000LRP
avai l abl e from Cabot Corp.; Planarlite-6101) Planarlita-6Z02 and

Pl anarlite- 629§hea§§Plbﬁ?%‘frdﬁb?&ﬁqqﬂr layeqy PaynRe | hardey sdem thed

SDE- 3000 avai ;ahke LaparRodeby émnpﬁot Rhkheu@i dEa POt insdy M@ Sl urry and the
pol ysi licon- pO|IShI28 slurrzr? i ncl ude other additives to provide
f

sel ective pol CORPR§eBf of nBt iRFS YHEPEPPAPR SOF FIRALKINSIGREpol i shi ng
slurries nor malikedh@yenaaselBrés vivite@asathbeanfet : JlaQ,Qar tnh@ Bl i shing rate
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of the insul ative-] ayer. I con-p y 50b has a
sel ectivity ofSUBR-Heads QVEGleISMMr&qdaIlIryIpﬁev@f-\thnlshlneg.aghze he

under | yi ng’ i ”5(‘i|cat1'0¥59 | qpeR 406SaraaanBALY E'rﬁsprgkhéf‘dngnﬁ e Rli’zgaa -

polishing at polishing station 25a wth oxide-polishing s urry
sufficient toInéndve native oxide Iayer I8 fromthe substrate surface.

Referring to FIG 2C ande£fdy cmqsmagnatauﬁomste bA%eennas Regn renmoved;
the substrate is polished with n-polishing slurry 50b. This

co
pol i shing contSYRRSE tut ppléahygsw%nﬂr% ing psIpaPYaklY ysmeoth
substantial |y sumds 209 ahaca, sLhGLE WeR: Sagee Lopogseplonauenas L he
peaks and val | have beﬁ_n substsntl al‘-}% e é g r| n to FIGS. 20
and 2E, when jé’lﬁ ayRE B3P ERY iRHATCAGER hﬁ% P¥d2 t he
substrat e my peddsrrespenisdtive pahesmmg.ma:t.l othSJooffar;dad may be

pl anari zati on. cess b i rd hard

pol i shi ng pad‘g ?%l@cgﬁggpol égﬁncor'#q% %dim urr%EiS R The

pol ysilicont. stayablles sodlti pleddshing padt |i§h|aﬂrgléahi-¢oﬁrcz5l3qmtll. t he
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pol ysilicon-polis ing sl urr e substra y S at . washi ng
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to polishing simtlwdes® % cdnbied slidrfyrHhs20asm 528, Blerdnd Sece

pol ysilicon-po r n 25b,
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50d, e.g., deionized water. Bu flnggsol ution.50d is suplgcl?led to the
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particles. each polishing and conditioning cycle.



The use of the oxide-Rolishing slurry to renove - the native oxide |ayer at
t he begi nning of the polishing process) followed quickly by the use of the
hi ghly sel ective polysilicon-polishing slurry to polish the polysilicon:

| ayer) substantially reduces polishing non uniformty dishing?é%ﬂEBdﬂmion.
In addition, it nmaintains a high polishing rate and avoi ds polishing of the
underlying patterned insul ative |layer. Al though the planarization of a

pol ysilicon | ayer has been described. the invention may al so be applicable
to planarization of other |ayers, particularly silicon |layers, on which a
native oxide layer may be formed, such as! anorphous silicon (a-Si) and
single crystal silicon. The polysilicon-polishing slurry would be replaced
by an 2 0 FEB 2003 Twaopor manepioberaediatt wanhing sgasionsySéa andingl e
crystal silicoyppalaysh ; Ther o i | t.d 140 to the
enbodi ment depi ct gg@%%@?%??%ﬁﬁd %ﬂﬁg‘f'ﬁ%ggﬂgg%@@&%;}%ﬁiﬁ ention is
defined by t hS*RHORFeF@rarrB. AWhat3Gs dAhg waghing statipmepinse - 15 1.

A nethod of palfeshyuistaatielsi 88Nthay Was¥) FohlBAL! 8L L1 s NP e 1%n £3)
chem cal mechanically polishing tﬁ%qiilicon Iayerﬁaﬁt% an 5¥%g£¥%bﬁﬁshing
slurry to ren\f¥® 'native oxides: and (b) chem cal nmechanically polishing

the silicon layer w tbaéhspdlishingolstahion 35a#23c may EaetABENOR: Phge! @i M
SR R TR T M T X T
until it is pleorsditiether) appaganes hill hEs @ zioratabhkeaen MSteyldialy and at
leant a portiofy, ofy flfihdek13X2oPSE 0] Eeshle sbRRrSAER P 130 g, station.

assoclated washing basin 46. The pad conditioner

apparatus maintains the condition of the polishing pad so

that it will effectively polish substrates.

A rotatable multi-head carousel 60 is positioned

above lower machine base 22. Carousel 60 is supported by

a center post 62 and is rotated thereon about a carousel

axis 64 by a carousel motor assembly located within

machine base 22. Center post 62 supports a carousel

support plate 66 and a cover 68. Carousel 60 includes

four carrier head systems 70a, 70b, 70c¢, and 70d. Three

of the carrier head systems receive and hold substrates,

and polish them by pressing them against the polishing

pads on the platens of polishing stations 25a-25c. One

of the carrier head systems receives a substrate from and

delivers a substrate to transfer station 27.

- The four carrier head systems 70a-70d are mounted
on carcusel support plate 66 at equal angular intervals
about carousel axis 64. Center post 62 allows the
carousel motor to rotate carousel support plate 66 and to
orbit carrier head systems 70a-70d and the substrates
attached thereto about carousel axis 64.

Each carrier head system 70a-70d includes a
carrier or carrier head 80. A carrier drive shaft 74
connects a carrier head rotation motor 76 (shown by the



5. The nethod of claim4, wherein step (b) conprises distributiney the

oxi de- polishing slurry onto a polishing pad at the polishing station before
‘the substrate is brought into contact with the polishing pad. 6. -- Thd

met hod of claim9, wherein step Ib) conprises diatribnting tH0FEB 2003

oxi de-polishing slurry onto a polishing pad at the polishing station as the
substrate is brought into contact wwth the polishing pad. 7. The nethod of
claim9, wherein step (b) conprises distributing the oxide-polish~.ng
slurry onto a polishing pad at the polisl ng station after the substrate is
brought into contact with the polishing pad. 2 0 FEB 2003 - 16 8. The
met hod of cl airﬁmﬂwa\lhelfebnedhﬁaftbﬂtdﬂ)mdﬁert IGG)Oxbdea?@iéﬁrHéEH oy IS

st oppd before giitrib tion gf t he 4 con- ollshlag urr starts. 9. The
net hod of cl ai SRS SARATHPE PRI £ 1nHEPsRraRt GRy abytry s

st opped as diitsibuhianxet thhesel1$anmp@hm$hemgdsiuuryh&ﬁ&”ddﬁ mbror The
nmet hod of cl ai d| r oI| g slurry is
£ r ea gEQ f § Lgﬁq dneagﬁ EEFH eg @

stopped after "distri |on o] he SI arts. 11. The
met hod of cl ailmispeménsitm éaepr(b;m;qdé:lfa@pnednaa aaqbiau]r adlidty 70f ,

pol i shing statd,Qpsq 14 o gQSuggihgﬁ?ﬁgré3 amhlksfur%hgiﬁé§¥q¥]é¥ ng bufflng

t he substrate mnth a buf solution a er ste € et hod of
-claimi,, whéh@ﬁﬁ)tﬁéP§PFFéoﬁany@¥1Y%;ﬁ&ﬂfﬁcr}§taFP|¢E§Qﬂ1atnn1 14- The

met hod of cl aifgql3s wWheke nAt bsdﬁail&ﬁwlmt%@ f tSkRG
pol ycrystalline silicon-polishin urx~~°15 he Hﬁ %) o’%%lmaolvr% 1,

wherei n the sﬁpﬁbéﬁiﬂéfeF°l%a&ﬁﬁgthnRPQ%H%qﬁﬁnth36°aTﬁ%ﬁ¥mh9ﬁﬂ}(3 cl ai ca 15,

wherein the sili conpormsmmfdmwew 8Oapeﬁf®frw§1®§?ve?rla|ll meBhBALESDT Ng
slurry. ~0 The net % 1, mhereln t he

silicon Iayer %ﬁiﬂﬂQg c#??ﬁﬁ?%iﬁe e iRHT §' ol

substrate against the polishing pad, evenly distributes a
downward pressure across the back surface 6f 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 carriex head 80 may
be found in U.S. Patent Application 'Serial No.
08/745,679, entitled a CARRIER HEAD WITH a FLEXIBLE
MEMBRANB=FOR a CHEMICAL MECHANICAL POLISHING SYSTEM,
filed: Novembo: 8, 1996, by Steven M. Zuniga et al.,
assignedito the assignee of the present invention, the
entire. disclosure of which is incorporated herein by
reference.

FIGS. 2A-2G illustratae a process of chemical-
mechanically polishing a silicon layer. As shown in FIG.
2A, substrate 10 includes an insulative layaear 14, such as
silicon dioxide, disposed on a'semiconductive layer, such
as a silicon wafer 12. The insulative layer 14 is either
patterned or disposed on a patterned underlying layer so



18. The nmethod of claim 17, wherein the siliconpolishing slurry is a single
crystalllne S|I|conpoI|sh|ng slurry. 19. The nethod of claim11, wherein the
+siliconpolishing slurry has a selectivity of at |east 1:54. 24201FEBmhod
of claim1, wherein step (a) lasts for |less than about ten seconds. 21. The
met hod of claim24. wherein step (a) lasts for about three to five seconds.
22. A method of planarizing a substrate, conprising: (a) formng a silicon
| ayer on a ton-planar surface of the substrate: (b) supplying an

oxi de-polishing slurry to a surface of a polf.shing pads EcX- .b.tinging
the substrate into contact with the polf ggh'frrg pacer ;, ~ Edgy h-riefly

hemi cal . hani cgl pol i th trate r~itt~_th de- pol i shi
iy Lo 1ombRets WaBEoRIRRRdR Ty AR oH o PHEESER- (b <i | | con | Ayer

Ee) after the pmhystm.at:an tapencts isaiixpdsed bgepatnsslyplyd NG ya
silicon-polishi

nmechani cal pol s’h|§‘|ur "gﬂbé€7a3%£%ﬁt5hl S|Ei gyﬁgii%ﬁﬂ:mgﬁéﬁtﬁﬁy unti |

the silicon IaMmmsmse&uhsﬁgntepliqa¢ﬂsuthﬁ mmdarly?n@ SEBaMipres ©£23. The
met hod of claijq erg | on | ay y talli silicon
and the sili con y%c%)i [ % n eaf: ‘? g, “&& % ?’ ;kgl F?é\es%‘ﬁ%oﬁ pglhﬁhi ng
slurry. 24. 1TRbQH§ﬂmﬂ§a§fscréaﬁ92Qf Whﬂn&ﬂhﬁtﬂhéesiSinemrpkanar i s Ianmor phous

siticon and therid iea@ogaflchEh) Notisd M idrds® oA sATREBROLSyLd | GaRnPRLT Shi NG

slurry. . 25. The netho claim?2 wherein the sil ayer 1s single

crystalline 5|4WQiﬂ¥Q§Hd3@Hé°§PIKtb%ibORWQHﬁ#ﬂ§l§lEFY?tF% %ékﬁqRyremay

crystalline Sldé<uEédN¥d§%Bhago£|&rédlysilﬁédi 13karret hod of claim 22,
further conprising polishj icon |ayer at a second polishing pad

t he, si
with a second S|I|conAio¢+§éh§ﬁf4ﬂ45qgf'uﬂPFIp?FEP?ﬁN?ﬁMP&ﬁaPréE?¥H@b i S
exposed, 27. The detgead sof pelmamfaonfwwrenecamustna &P rEdckhe supply

o oK 0e PO Sh) el Y2y B DA RSt RESptna o g pat
pelysilicon vias between the insulative islands, and
polysiliéon plugs in any holes in the insulative iayer
(see FIG. ZG); Unfortunately, as previously noted, one
problem with polishing polysilicon is the center slow
effect. Without being limited to any particular theory,
one possible cause of the center slow effect is the
formation of a layer of native oxide 18 on the outer
surface of polysilicon layer 16 when the substrate is
exposed to the atmosphere. Although this native oxide
layer may be extremely thin, e.g., on the orxder of a few
atomic layers, polysilicon-polishing slurries are highly
selective  (f.e., the polishing rate depends strongly on
thamcomposition of the surface being polished) to avoid
polishing of underlying insulative layer 14.
Consequently, native oxide layer 18 interferes with the
polishing of the polysilicon layer l6. Specifically, the
polishing parametsrs selected for uniform polishing of
polysilicon may result in non-uniform polishing of the
native oxide layer. The non-uniform polishing of native
oxide layer 18 leads to non-uniform polishing of
polysilicon layer 16. 1In fact, despite the high



28. ~ ~ Tl ~e~ nethod of claim 22, wherein the silicanpoli'e~hfnc~ slurry is
supplled to the polishing pad after t he substrate has been |n- cont act

wt Y~ the poISShlng pad for less than abort tart seconde. Eﬂﬁ%ﬁﬁﬁp
of claim 22, wherein the substrate is chem cal nechanically ﬁ%P
t he~oxi de-polishing slurry fox | ess than about ten seconds. 2 0 FEB 2003

- 1-3 30. The nethod of claim2g, wherein the substrata is chem cal
mechani cal Iy polished with the oxide-polishing slurry for about three to
five seconds. ' 31. A nethod of polishi-ng0a-silicon |ayer on a substrate,
conprising: (a) chem cal nechanical polishing the silicon |ayer with an
oxi de- pol i shi mgleicimt tyo ofetbeepal nailianopodd shangrsliny chard erin-
mechani cal poliriHigsteny! bEOBuk Ay el ,wlyﬂ sdvatb! eple Pol p&‘ ' Sh' ng &gpu”y
until the silicon l'ayer 1s”substan a.?y | anari za ing step
(b) before themsisiioporelsapss.i s substantially planarlzed 32 A met hod of
polishing a silicon I £ér Pihd S helg,akg, ﬁWfﬂ&QO (J_?) ﬁﬁzgh ?

u??y to

mechani cal polishin e silicon_layer wwth an oxid ing S
renove a nati \RPS ﬂ é}éFl°Pb?56h%ﬁ4Qﬁﬂ° ﬁé@ﬁéﬁFéah!ﬁ%lQQ#wak}th@aglIlcon

layer with a sidg. corxwmlila&uwgoﬁhaézyomsuﬂngamued?rsdanga non- pl anar

surface is exposed: and 'tc~: te ore the underlyin
nonpl an~ surfggé ;}Qg%ﬁ@gée the pggigﬁhn A%d surface via slurry ytng

AU A9 A AL A s‘uhp‘isﬂ.l}} ,cuﬁleAslAh{ r m&hoﬁdéapm&(m%/ sPibr
.AU&. AL. A sy. A& C L! lﬁ
] caU] caU] caU] 345 %d{c B] 88 55&' ;ﬂifg“ﬁ%gl; “bhEdre;
U] c*a] cTa] cal] xgexahea|stiskiE&tep“itpuches down® on the pad.
The oxide-polishing slurry may include deionized
water, fumed silica abrasive particles, and a chemically

cal] cal] caU] cau
and/or

reactive agent, such as potassium hydroxide (KOH), which
may also adjust the pH of the slurry. Alternateiy, KOH
may be replaced with an amine-based chemically reactive
agent if mobile ions from the KOH contaminate the
polysilicon layer. A suitable oxide-polishing slurry is
available from Cabot Corp., of Aurora, Illinois, under
the trade name SS-12.

However, as represented by FIG. 2C, almost
immediately after the substrate has been brought into
contact with the polishing pad, e.g., after less than
about. ten seconds of polishing, the CMP apparatus starts
distribkuting polysilicon-polishing slurry 50b to the
polishing\pad:surface via slurry supply tube 54b. In one
implementation, the polysilicon-polishing slurry could be
distributed after about just three to five seconds of
polishing.

The oxide polishing may occur only during the
“ramp-up” period at the start of the polishing operation
during which the platen is brought up to the desired
rotational speed and the carrier head is pressurized to
provide the desiraed load. Since the native oxide layer
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polishing.

The beginning of the polysilicon-polishing slurry
distribution should generally coincide with the ending of
the distribution of the oxide-polishing slurry.
Specifically, distribution of the polysilicon-polishing
slurry may start exactly as distribution of the oxide-
polishing slurry stops. Alternately, distribution of the
polysilicon-polishing slurry may begin just after
distribution of the oxide-polishing slurry ends, so that
no slurry is distributed to the polishing pad for a brief
period, e.g., less than about one second. Alternately,
distribution of the polysilicon-poli'shing slurry may
begin just before distribution of the oxide-polishing’
slurry ends, so that the two slurries are provided to the
polishing péd simuitaneously for a brief period, e.qg.,
less than about two or three seconds.

The polysilicon-polishing slurry may include
deionized water, formed silica abrasive particles, and an
amine-based chemic;lly reactive agent which may also
adjust the pH of the slurry. Suitable polysilicon-~
polishing slurries include EPP-1000, EPP-1060, and EpP-
1000LRPF, available from Cabot Corp.; Planarlite-6101,
Plarmarlite~6102 and Planarlite-6203, available from
Fujimi, of Wilscnville, Oregon; and SDE-3000 available
from Rodel, Inc. Both the oxide-polishing slurry and the
polysilicon-polishing slurry may include other additives
to provide selective polishing of their respective
materials. Polysilicon-polishing slurries normally have
a selectivity of at least 1:100, the polishing rate of
polysilicon is one-hundred times the polishing rate of a
reference material (typically a thermally deposited
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event, since polysilicon-polishing slurry is used
exclusively at polishing station 25b, insulative layer 14.
should not be polished after it is exposed.

Referring to FIG. 2F, the substrate is transported
to polishing station 25¢ where it is buffed using a
standard soft polishing pad 110 and a buffing solution
50d, e.g., deionized water. Buffing solution 50d is
supplied to the polishing pad at polishing station 25¢ by
slurry/rinse arm 52c. Referring to FIG. 2G, the
resulting substrate 10 has a flat and finished outer
surface 19 in which the underlying patterned insulative
layer has been completely exposed.

Alternately, referring to FIG. 2H, a thin residual-
layer 17 having a thickness T may remain over the
insulative layer after polishing at polishing station
25b. In this case, as can bee seen from FIG. 2I, the
final buffing process at polishing station 25¢ also
removes the residual layer. In addition, buffing

. solution 50d may include abrasivg particles.

The use of the oxide-polishing slurry to remove
the native oxide layer at the beginning of the polishing
process, followed quickly by the use of the highly
selective polysilicon~polishing slurry to polish the
polysilicon layer, substantially reduces polishing non-
uniformity, dishing and erosion. 1In addition, it
maintains a high polishing rate and avoids polishing of
the underlying patterned insulative layer.

Although the planarization of a palysilicon layer
has been described, the invention may also be applicable
to planarization of other layers, particularly silicon
layers, on which a native oxide layer may be formed, such
as amorphous silicon (a-Si) and single crystal silicon.

" The polysilicon-polishing slurry would be replaced by an
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amorphous silicon-polishing slurry or a single crystal
silicon-polishing slurry. '

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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- 1. A method of polishing a silicon layer on a
substrate, comprising:

(a) chemical mechanically polishing the silicon
layer with an oxide-polishing slurry to remove any native
oxides; and

(b) chemical mechanically polishing the silicon
layer with a silicon-polishing slurry. '

2. The method of claim 1, wherein the silicon layer
is polished until an underlying layer is exposed.

3. The method of claim 1, wherein the silicon layer
is polished until it is planarized.

4. The method ¢of claim 1, wherein step (a) and at
least a portion of step (b) are performed at the same
polishing station.

5. The method of claim 4, wherein step (b) comprises
distributing the oxide-polishing slurry onto a polishing
pad at the polishing station before the substrate is
brought into contact with the polishing pad.

6. - - The method of claim 4, wherein step (b) comprises
distributing the oxide-polishing slurry onto a polishing
pad at the polishing station as the substrate is brought
into contact with the polishing pad.

7. The method of claim 4, wherein step (b) comprises
distributing the oxide-polishing slurry onto a polishing
pad at the polishing station after the substrate is
brought into contact with the polishing pad.
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8. The method of claim 1, wherein distribution of the
oxide-polishing slurry is stopped before distribution of
the silicon-polishing slurry starts.

9. The method of claim 1, wherein distribution of the
oxide-polishing slurry is stopped as distribution of the
silicon-polishing slurry starts.

10. The method of claim 1, wherein distribution of the
oxide-polishing slurry is stopped after distribution of
the silicon-polishing slurry starts.

11. The method of claim 1, wherein-step (b) is
performed at a pluraiity of polishing stations.

12. The method of claim 1, further comprising buffing
the substrate with a buffing solutlon after step (b).

13. The method of claim 1, wherein the silicon layer
is polycrystalline silicon.

14. The method of claim 13, wherein the silicon-

polishing slurry is a polycrystalline silicon~polishing
slurz#&

15, The method of claim 1, wherein the silicon layer
is amorphous silicon.

16. The method of claim 15, wherein the silicon-
polishing slurry is an amorphous silicon-polishing
slurry.
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17. The method of claim 1, wherein the silicon layer

is single crystalline silicon.

18. The method of claim 17, wherein the silicon-
polishing slurry is a single crystalline silicon-
polishing slurry.

19. The method of claim 1, wherein the silicon-
polishing slurry has a selectivity of at least 1:50.

20. The method of claim 1, wherein step (a) lasts for
less than about ten seconds.

21. The method of claim 20, wherein step (a) lasts for
about three to five seconds.

22. A method of planarizing a substrate, comprising:

(a) forming a silicon layer on a non-planar
surface of the substrate;

(b) supplying an oxide-polishing slurry to a
surface of a polishing pad;

(¢} .bringing the substrate into contact with the
polishing pad:

».  (dY briefly Chemical. mechanical polishing the
substrate with the oxide~polishing slurry to remove a
native oxide layer from a surface of the silicon layer:

(e) after the substrate contacts the polishing
pad, supplying a silicon-polishing slurry to the
polishing pad; and

() chemical mechanical polishing the substrate
with the silicon~polishing slurry until the silicon 1aye£
is substantially planarized.

10 10
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slurry is a polycrystalline silicon polishing slurry.

24. The method of claim 22, wherein the silicon layer
is amorphous silicen and the silicon polishing slurry is
an amorphous silicon polishing slurry.

25. The method of claim 22, wherein the silicon layer
is single crystalline silicon and the silicon polishing
slurry is a single crystalline silicon polishing slurry.

26. The method of claim 22, further comprising
polishing the silicon layer at a second polishing pad
with a second silicon-polishing slurry until the non-
planar surface is exposed.

27. The method of claim 22, further comprising
stopping the supply of oxide~polishing slurry to the
polishing pad surface before the silicon-polishing slurry
is supplied to the polishing pad.

28.  THe method of claim 22, wherein the silicon-
poli!htnq3slurry is supplied to the polishing pad after
the substrate has been in contact with the polishing pad
for less than about ten seconds.

29. The method of claim 22, wherein the substrate is
chemical mechanically polished with the oxide-polishing
slurry for less than about ten seconds.
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30. The method of claim 2Y, wherein the substrate is

chemical mechanically polished with the oxide~polishing
slurry for about three to five seconds.

31. A method of polishing a silicon layer on a
substrate, comprising:

(a) chemical mechanical polishing the silicon
layer with an oxide-polishing slurry to remove a native
oxide layer; ] .

(b) chemical mechanical polishing the silicon
layer with a silicon-polishing slurry until the silicon
layer is substantially planarized; and

(¢) stopping step (b) before the silicon layer is
substantially planarized.

32. A method of polishing a silicon layer on a
substrate, comprising:

(a) chemical mechanical polishing the silicon
layer with an oxide-polishing slurry to remove a native
oxide layer; -

(b) chemical mechanical polisﬁing the silicon
layer with a silicon-polishing slurry until an underlying
non~-planar surface is exposed; and

“{c} stopping step (b) before the underlying non-
plansr surface is exposed.



