WD 2008/ 030420 PCT/ US2007/ 019274 1 Sl LI CON CARBI DE
POLI SHI NG METHOD UTI LI ZI NG WATER- SOLUBLE OXI DI ZERS
WO-R@ERO30@R0 THE | NVENTI ON [ 0001] Thi s inventi on PEF/USI0Y019274

to a method of polishing a silicon carbide substrate.
BACKGROUND OF THE | NVENTI ON [ 0002] Semni conductors with
the ability to operate nore efficiently in order to
achieve a significant reduction in power consunption
are highly desirable. Typically, silicon substrates
are used in the manufacture oflsuch devi ces, however,
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deviceg Bag erapkasifed\thelase efihatgrials havingriggrsatenhardaessainid sithergmique

. . ] f_sili rhid .
propdtifle Bocr exapié, Qutclf cARLAQ SiftndlontHatod Bftn §Heh Bide, hes g higher
thernwil kondustivity i greatu isleraacefor ridiond], aGlighdreli¢lecteic strangth) and is able to
i shi.n C\VP). techni gues are w dely used .t hr.oughout
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manufacturing semiconductors by decreasing polish time and reducing damage to the substrate.
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[0005] Adaptation of CMP techniques for silicon carbide polishing has been relatively
unsuccessful. Polishing compositions containing colloidal silica resulted in low silicon carbide
removal rates, thus requiring a lengthy polishing cycle lasting several hours at temperatures of

around 50°C, which is likely to result in damage to the silicon carbide substrate. Zhou, et al., J.
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consi derabl e cost to the process and is a barrier

preventing wi despread use of silicon carbide within

the sem conductor industry. Thus, there remains a

need for alternative polishing systens and net hods of

pol i shing substrates conprising silicon carbide.

BRI EF SUMVARY OF THE | NVENTI [ 0006] The invention

provi des a nmet hod of chem cal |4-nmechanically polishing

a substrate, which nmethod conprises (i) contacting a
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QficPcdibiliet © 130 nm and (c¢) an oxidizing agent
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carrier, wherein the abrasive is alumina an
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| east _one | ayer, of  silicon carbjde wt
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carrier, and (c) an oxidizing agent,
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oxidizing agent is present in an amount of 0.001 wt.% to 0.5 wt.% based on the weight of the

liquid carrier and any components dissolved or suspended therein, and is selected from the group



consi sting of oxone, potassium persulfate, and
m xtures thereof (ii) noving the polishing
W@ o09po3i420 on rel ative to the substrate, and (iP&P/US2007/019274

abrading at least a portion of the silicon carbide of

the substrate to polish the substrate. DETAILED

DESCRI PTI ON OF THE | NVENTI ON [ 0009] The i nvention

provi des a net hod of chem cally-nechanically polishing

a substrate conprising silicon carbide. The nethod

conprises (i) contacting a substrate conprising at

| east one layer of single cry%tal silicon carbide,
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[0012] The polishing pad can be any suitable polishing

pad, many of which are known in the art. Suitable
w@eios®esi4ng pads i nclude, for exanple, woven anBCT/US2007/019274

non-woven polishing pads. Moreover, suitable

pol i shing pads can conprise any suitable polyner of

varying density, hardness, thickness,

conpressibility, ability to rebound upon conpression,

and conpression nodul us. Suitable polyners include,

for exanple, polyvinylchloride, polyvinylfluoride,

nyl on, fluorocarbon, polycarbdnate, polyester,

pol yacryl ate, pol yether, polyethyl ene, polyan de,

Suchﬁﬁilytlyp@ St eipek yabiy (€ 3Cnaligan daﬁ)iﬂe)’m nomsmmmg 4H silicon
ducts there&a T%@d n1xtur the %4001%% the art.
carb166| ¢H gilicgn sarpidein wﬁ?ﬁ%e%? PFATPAY 181°é‘§‘ Byfhe
[0018F WitHY ﬂblisﬂﬁlgﬁﬂd' o%h'brégmy SuitdAe @ol‘i’fhlﬁ $1Bad) @har5 éMghipid dre known in the
or the ollshlq? can be substantially free of
art. $m%é&e BOshingpa saa?lturl@» tos cxanmplev ¥ IO PYSRelighing pads.
Mor{%ﬁ?@? s 14)19 %ghgtﬁﬂ% [p?@é’ R cAR RS 2 Flsﬁﬂﬂlé Bb@%ﬂe‘?foff 'v&@%% Qensity,

Ing s ace of the polishing pad by wa
hardlaﬁss,atdiim;esse compregeibility.abilityto rehoyngd upen cempressien, af@rCOmPT‘ﬁSslon
ra e
modl?lgﬁ §H)‘f§r§le %g%%g\gg:h?cﬁz ?ngrer%m{gﬁi’é‘ 25@@ r@l&ﬁbr@d@ a)olyvnhylﬂuonde , nylon,
ﬂuoxpodtrbsim puquwbbnam plolsier.fiolyaexyiate) polyathf::r, pobyethBens;, polyamide,
nate wi t h a0 abr SIV cont
POIYH’FBE@?SI?O& yfef)lﬁ’lgﬁ YRHORYICH ed%y gﬁlgcgsn t gévo\gu&rﬁltﬁmes thereof.
[OOIS}JI t atlheq)cﬂishfnwdadammamp&e fﬁ)cd Erbﬂael,veu)laﬂlqim}i ors O Wghln the pohshmg
LN U
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partitRs.! FikelladitRiviaidldBthaPadt Rehede Jadls haﬁﬁlgfabmsn&ti:artﬂies afﬁxed to the
i shing pad can_ be ﬁ{lndrlcal the surface o

ol
Pohs%mg:wr@@? of the polishpg nadihy s of groadhesiyg pingdgre ﬁerfiﬁ'efjg gsin, or the like
or aﬂrﬁ(sq{/é‘satrlﬁﬁ’hdvelﬂeen RApE eRate@ WAHIPR %Bhﬂ:ﬁﬁg pad absdHo fohfl an integral part of

central axis of the cylinder. ol Tshing pad can be
the riotishing padovughes, fon esmtpl@s@; fibequs bamn@ﬁe I’Wllﬂh a alyrasive-containing
14 have a |inear notion with respect to
pdy{'l%emag%t %ﬁﬁglégjﬁge bei ng polished. The polishing pad can
[001KHhve Ehwp@mh@)}b@ csamatpe'eamd suipdbdnconfigugation. Egrexample, the polishing
roc ok bj 1 bout
pe EGERCERSR 8, Sl babARIEAR0S, BN ot n s
perpalﬁtﬁaﬁlaﬂto ﬁhe pldne deifinkd byl tizer suirfaza of fH@QRE] Tﬁepepq@@hmmad gan be

cyhrgq&gggi% F‘cﬁg %?‘ﬁvrémiicl:ﬁf %ﬁ? gs 2‘2 I%?)f'gl%’lg% 8u\l\1'!§zlaccel,1 cf %V e% Xlsé styplcally will

haveadfoastiotal hﬂ)lﬁioﬁ&bbﬁt ths cemtradakis cfuhatwirfder.nThd pohshmg pad can be in the
particul ar

he._ .
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the cillttliﬂ§§i gérbeﬁ{ lih&ed Suhs F@Dﬂhl@é pad ée@hﬁ’vle%b/ sgiththle @hape and, when in
also referre to as. col loidal sili by those of
use, Havg # ach,progq@r}g or; qbitplamatiqn alPP%Pé’llaé’SW a SFWéc“Cle Many other variations

wm%e?ém tatpgéﬂeﬁtﬁodﬂersknﬁh aftidahCa is precipitated or
conden Ion- polynerized silica, which is_ prepared

[0018}i ngThtpolishingedmppsienseomiuiieg &n Shrasis. PoichAssiTaRly is suspended in

e EUUAERR ohhe YPhSBd PRSI R g
abraEi@&'/cb@@ﬁ@é’s’ 00844 essnpiallyt of; besonsm@oiifﬁl@@@ngdﬂy sphedeplspilica or
alunblﬂall ngm gnesghia carl sﬁfégn}) lgd régé{ré\ll? gra%l e)é?l’oﬁi Elhl%, gg those of ordinary

a cation O
sknlsn Itluasat ePsafénablw (¢33} suBattahtlzﬂb/r s;:suenealpdmau is pmlmmuecber condensatlon—
pol a5 eglé‘,?a‘fv qggxaegﬁge/ed\éﬂs}r\%ggfﬁ o%% -ge Fl)ptrocrc]atss Sng(Qen%;c?on-ﬁolymenzed

silica pamcles typically are prepared by condensing Si(OH), to form substantially spherical



commercially avail abl e products such as Bindzil from
EKA Chem cal s, the Fuso PL-1, PL-2, and PL-3
wee@doats) and the Nal co 1034A, 1050, 2327, anPCRB2B07/019274

products, as well as other simlar products avail able
from DuPont, Bayer, Applied Research, Ni ssan Chem cal
and Cariant. Preferably, the alumna is seeded ge
process al pha alum na, which is available from
manuf act ures such as Saint Gobain (al pha alum na). The
substantially spherical silica particles and the
al um na particles can have any suitable particle size.
For exanple, the substantially spherical silica

particlp@r The prsusbdSi(0E)a camnbdebtaiictl] for esample, batpdmiysis of high purity

sk G Bt Gh 5Feond e Sobyilne oot s Pophitbos can b
preparBB i€ dccotddhcs VR BN Bdtént 5, 3300833 6rddan el dbtandtPad iy &Bvarious
and the alum na_ particles can have _an average particle

commgycidlygvailgple @Fﬂdl&ts such g Bigdzyl fromdg g (hegpicglage Fage PL-1, PL-2,
and PIB'B%rQ&udt@ Sd tHONaltbN 084Al €650, 2359 dnki939b ﬂr@cﬁﬁﬁs Jhg’QIerg other

less, 110 rimor [esS, or 100 run or |ess).
snmlaApr,qdneiSragayabl@ Froms DuBerinBayer :}pﬁb%Rpwcls Nissaa Chemical, and

Clariaﬂff‘rlsljeférgoci atﬂg ?J}ﬁma% é@@é@g&ﬁfr&ée‘ég %@8& alur ?X Swiith A%avallable from

average p drirele ofze
manufacterdseuii2 5s Sant Gebainu(alphe alk@fina)n Tl&ssmsmnndlﬂarﬁleml splica particles

60 . urn to 1 hohe. s article i X
and thF ﬁlglm%lla gﬁg{Ciers cgfln)l}a en%)ﬁglp pam eersgzet a? eQ.r; n fﬁpglg%ssg§stantlally
spheritdlailparfartidles a:{c{)(hﬁﬁ]urﬂmy panidmhiae Immmmhvmﬁgapmﬂe\m@ of 10 nm or

more éﬁ) %%Fﬁfq-srggrtﬁi grlﬁ{)?g Im?lgorégo ’0%6 Wn %Y, rg?re}m}l"gja substantially
sphenailrsﬂ%a\@rwr,lkd arikBth raﬁﬁf;‘iihh plaftlcilé%&:aﬁtﬂavs bh Bgerage partlcle 51ze of 200 nm or

osition. Mire typical]l 0.1 wt.%or nore
less (ofr DRCRMABALS B GEmArdfeeriAtbnm o Igos] S0m a5, 5 i adess, 110

nm or@éssn&r 00 18h of Zesd). - ﬂ(%&frd'&i?fye}h@é%@téhﬁﬁly%ﬂﬂenbﬁ SliRSRRticles and the
he polishing co i'on. The anmount of abrasive

alumlmmmm@lep 681 Bavenap wmmamrdﬁ SIezy of é8nmyton} 30 n1p de.gg 4pmmgo 125 nm,
50 nm?cB 192'0‘?1?1? 59 Bh Fo HYP fﬁal& XOS{H o D rfhcq V‘f‘he/ﬁaﬁ{lclle%% of a particle is the

% or ess €ss, % or
diametegof theesmalle% spherathat ermowma%eerchq pasticleQ. 6 wt % or

o1, 25 8 U RS oS5t oo

Typiclty, B0 wivt. %% oxandramrg; (pﬁ%fmr;fya bt mor@ ahtas%et willle pites@it in the polishing

comp?(ﬁlxtl t o%tmc(y)éio ["6\(% rF( 51, g 35 énV\gre Sw ?g/& %? more, 7 wt.%
or mofea(ID ltht%toe nidie, @ wEH drafoe) a‘bﬂaewa b&rlﬂﬁe\{ﬁe@ndlrﬂhy polishing
ace of a.suit

comp %Ti‘ eeaq%ggrbténlf\ég?qsgv%éta I]teeegcglsguﬁ cgﬁmosgg)ax)typ}fﬁﬁy will be 50 wt.% or
less, nhdra WylcABf WilEbe 40 31.990r RRY (Sgl| 1 8bites bi Toes,d.0 wt.% or less, 5 wt.% or

ol vent i ncl udi ng | ower al cohol
less, 3e%é’|ﬂi’l essella;vt % or sH,é}ngtEA; Qr e%&lsqgio%%t % or {ess% Accordingly, the

amoutitfa8ihsfeah lﬂlﬁ@ﬁmhsﬁr&‘g <)om1y&1tﬁfn calé IRvK$aHoes0 Wheg, %ﬁﬁ more preferably
Preferably, th carrier corrprl ses, consis

5 wt.% s ot ap I(“'j,‘gﬁ)flo “6 é@ﬁé me 28, B wird ©r35 Whle Oblzgf"%tr/am y3 wt.%).
[0017 F ei Og]lﬁ%ﬁiec‘!%%ﬁ is W0 ORBNRR0 ﬁ&ﬁ%ﬁt%ﬁé Qd2<i¢4 an any optional

001 shing conposition conprises an
additivesi tdithe siyfazgefin, suitkhle hubstiatete bemplished (gid. eplawariagidy: i ‘Rle liquid carrier

;

can v Bl 110 L Bl DSV RELL Bty Wbanel, ),

etherst(bg.,dlioxding; legalagbrofurars esx), ectedarid mintuive tgreafp Preferably, the liquid

camercééqqﬁélr%telﬁ,in gisteShé/sseélgﬁﬁn poerrcgééldtg to(fe' év)%%} SnoTo n?r%? deganized water.
m Xt ures thereof The peri odat es, |odates and

persul fates can be any periodate, iodate, persulfate
or ‘



conmbi nation of periodates, iodates, and persulfates,
such as, for exanple, potassium periodate, potassium
WO eaapan42ammoni um persul fate, potassi um per sul PEL/ES2007/019274

sodi um persul fate. More preferably, the oxidizing
agent i s oxone or potassium persul fate. The oxidi zi ng
agent can be present in the polishing conposition in
any suitable anount. Typically, the polishing
conposition conprises 0.001 w.%or nore (e.g., 0.005
w.%or nore, 0.01 wt.%or nore, 0.05 w.% or nore,
or 0.1 wt.%or nore) oxidizingsagent. The poli shing
conposition preferably conprises 20 w.% or | ess

[001§]e 9 Théj%li&&nné’&ﬁnﬂc%ﬁﬁm cl;ﬁl se%u@bxid%ﬁg agenl\gtwﬁrﬁcbban be any suitable

% or |ess, % or Ies(é %x lishi
omd@gmgenpf@fwa@more ﬂ?éerﬁé"r ohike ﬁ@b%aﬁept?s‘m’ # 8% tbgolishing
comlgo 8&8%1 e 7{91519 o\%dlz’ﬁlg ﬁg&wls Qelgf%d 3534) g}%réiﬁ) Mns?étmg of hydrogen

0 Q .
peroxmde%xwxezawndmummdwmm@atageqﬂodaﬂ%rledﬁ?éfpgf%bﬂa&?& grglgmixtures

there\%? | ;l/'ﬁh Q%%(%&%%’) Qggattésogmgﬁé}ml Ssscanq}each%'% %%koldaatg%ersulfate or

0.001 w.%to O.
comlsinatio0fiperiadidespicBateas ar%p@xsuﬂfamsngacagaénfor e{cggmb} pqtn@mm periodate,

L

pref&ablyhiéxadiyingligenis @xpit orT;Isrﬁassutun abrsp}ﬂatmf ’Hhhe)xidizing agent can be

pol.i shin osition wl|
pres{ o Ty P b RO LI PGB SO “FRbol st g te Fotishing
comf@sm&ﬁbémgﬁs&mmawewoﬁhbﬁ(elgl, ®003 @8% $Eemgre, 0D1owt.% or more, 0.05
ess, 7 or less, 5 or ess,

i Yo miors 95,1 Whih RPN ABREBSH: [15F PEUIRBSOTRoPRPBpreterably

coménQJs ZM@" { cﬁ"lgss’ (e%..01'5 WB¥%Eor 1855010 KA or Eess, wilDs &, 1c§H 2 wt.% or less,
nnre pH can be, for example, from 1 fto 1

or 0.5evig%, 0rﬂ¢~°<§)r921dmna agertiy Brafgrably, tiy, porlasbmgzﬁwosﬂmarcompmes 0.001
Wt /f (O @w‘v/"’ggé o%@%@d%@%@? 0}%“0 bb?ﬁ@‘% £ 10 4.9, 0.01 wt.% to 5 wt.%, or

nposi tlon-ean be achi ev /or maintained by any.
0. 059&1'1 %abl2ewnﬁé egidikibgagepte Mcbnecmeﬂe;ﬂbly, Kee pelishing egymposition comprises

o.oogmﬁ?pg%;vég% of ¥t e, 15 %"P&k 5 odi eo?d"lbsﬁ% 2.8 Rb01 wt.% to 2

or a conbination t
9adkuﬁmﬁgagan.conpr|se consist essentially of, or

0018775 Fho S S S0ES) TR S EATREHPE Ry componcns

dlss&ue@ oaguspendemhgmn @an ha@eﬂarqr sgﬂttable ;ﬁm The actual pH of the polishing

conbi nat.j on ther eof exa acid
comppsifipp willdgpeng, in Bﬂ‘t ¥ tﬁlg} r@é\ﬁﬂ{'at% Eﬁmg é)og%lgpd bﬁmc polishing
compdéitisR ken HWJ @{)Hﬂ:ﬁ' liigﬁfléss (e 200 @Xes¥pl or 1a3h B ohiatL 4 or less, 3 or less, or
acetates, bora f onat es, carngylates

2 ordeih < The Aol HRE CHTRESICT G oAV SRR & SRS L5 JCAHior, 6 or more, §

I S t £, Blon2ite!$1 06.g2HBHO2 t& 10, from 3 to
or nfoRER SR 1015 5k BB SRR exBimp, MonPUes] Re.g2

9, ﬁageﬁﬂ38ﬂﬂdhﬁdédﬂébch anount is suff|C|ent to achieve
[OOﬁid/ Orl‘h??i—f&ﬂhg Ebﬁﬁngg Ebﬁf?@sﬁ%}l &4n bd Mn&%’d'a&ﬂf&gnamtamed by any

e ranges set forth herein.
suitftde afe]anérhMOp@bp@iﬁqw@thhﬂwobshms rowpesitaaicky fudies compsise a pH

or _conp | exin .
e
essehtially af, or abssistfoftang susalils pHaacbustmge:ontpmung Fenoxaseple, the pH adjustor

t hat .rem race.net al. ont am nant s
can 88 BPY mult@le a §1 § 138 aeﬁ%?rg?l?,lﬁ §r 01(':%11%:1 a01d 03' cg)giéorﬁr?ag%n thereof. For
exa@ple, HCddidl€an bOhitieX acin) Ghe par Bafiftin gcambmamdﬁe 4rey. gyitable buffering agent,

for example, phosphates, acetates, borates, sulfonates, carboxylates, ammonium salts, and the

like. The polishing composition can comprise any suitable amount of a pH adjustor and/or a pH



acetyl acetonates and the |ike), sinple carboxylates
(e.g., acetates, aryl carboxylates, and the I|ike),
W@ 200803042@t es cont ai ni ng one or nore hydroxyl BECDUSM07/019274

(e.g., glycolates, lactates, gluconates, gallic acid
and salts thereof, and the like), di-, tri-, and
pol y-carboxyl ates (e.g., oxalates, oxalic acid,
pht hal ates, citrates, succinates, tartrates, malates,
edetates (e.g., dipotassium EDTA), m xtures thereof,
and the |ike), carboxylates cogtaining one or nore
sul foni ¢ and/ or phosphoni c grodps, and the I|ike.
Sui t abl e chel ati ng or conpl exi ng agents also can

bufféning agbet, providek sl aenowtit is sufficient t@racmlvhf ahé/eh elasntain the desired pH of

ne co rocatec rogal | ol ,
the pt% glﬁ%ng cggﬁpémggﬂdg %%&VI{W@% m‘b%ﬂs)?ﬁ E‘%’Weg such as
[002DpquEBhc ﬁ&ilsﬁmgmﬂﬁiﬁﬁltlc%%mnﬁﬂy c&ﬁﬂﬂ&%ta HeMing or com éﬂexmg agent.

., and am ne-confai nin

avaj | abl e from Sol utia Corp.
The é@'ﬁ%’&ﬁﬁ)@sag(mét 1§ any Siitahle ghemig qﬂghta‘(,q that endiahegs the removal rate of the

subsBhe UM Beind remolvEd, or tRRt YR8l c@
) Oozgélt ﬂ\/%lﬂ 1Irno be ao|cr)precf: ate a?ﬁ etn?alﬁt{/bqlt%&?’ﬁmslﬁgﬂwon polishing.
Suitabie,chalating Qfﬁ@mni@ﬁpg agens e@mme}udsx for exarhple, éarbmnxlfcompounds (e.g.,

acetyﬁ@ée&grfa?esgmd the ﬁ'ﬁo)a n?ﬁé Earggﬁﬁgggé‘gg Ql?i_gt!eg ar;cz(’lr ?ogcylates and the

, an acld
like) carpotydates mtu@mgnnerorcmmmydrml geubs aagmgm\,olatcﬁ, lactates,

ool LS e ERIED, o o .
oxalq;jbﬁt, Ioahlat a9id. pidhalates aitrates, ishevinats, teaeh) aRtaseddtabiides.,

T TR W Y IR M -

sulfonrc arﬂagqﬂiosphmxyc @@hf)@,fdilitlﬁﬁé Bké. h&ﬂtéﬂl&cﬁéﬂﬁﬁfg &confféxing agents also
as a

Qunds can function bot
can Haﬁg{{gtf%gagﬁ arﬁ’a - 2 Pelalfohplsde-gg ehtylene glycol, pyrenatgehol,
pyro gaﬂm tehniy abid! Ad e likre§’ rboﬁ}ﬂﬂo)spﬁﬂntafegtsﬁch Q{?e&%@t kgﬁ?)l)equest 2060, or

0023] The polishin mposi tion optiona
DeCIU€ Odavailshle pmpis etuoflnm) aud ammﬁe@ntalsmpoanlmhmdv é5g., ammonia,

aminb €14 Ain R6 a¥doHoRS dEO 2 b y]F@yé}HﬁleQ "anlRhE LR ylic

subunits (e.g., viny yremneé
[002Zcr y Iawdkhe amdmp@ﬂy.h@ma}nymfghé yfoeersentiondd ebingonrdsscan exist in the

form LG Wie ag%&gll bt 5.1{] omum 'glg&rglh{ lhlg?? %)!?CSIH orgas a partial salt. For

conp03|t Fon can cohprlse a sur
examplee oltegscatiudenitrio hmdagﬂawb],l a$ MoOnU4idigand &C-esltd thereof, phthalates

: ent and coa nts
mclu&ﬁgﬁtﬁgl'éﬂp gcal s on ﬁ mocnlgl g%]?%g asgglm Pg&'o@i’é Rbﬁx@late) and di-salts
thereof; pbﬂ'mhlwatpniry:ﬂmieﬁhe c&ttestp@hhmgfddfd @e!, pBEchlEit adidC bs!dR11 as salts

t f act ant
e RIS, oo eSS o e no o, o

examplel Eame adtpourdsdat fesctionteed a cREstidd Eeent K&d an ox1dlzmg agent (e.g.,

Pr ef er abl t he polishing conposition conprises
such g ieom (nilsater Hen AHD miaey e bBOEkeB0420

[0023PCT/ \phe POIHAD edithpositi&x BpiRbrRAlIY ffuﬁhé’%ggm 19@ bPRfe other additives.

syrfactant is an ethyl enedi am ne poly
Such aqdlitixes ipglude agndateneRmprisng ene bampmcryhc SlﬂBmpte I(¢ ghivigyl acrylates

d
nes pr e?% ?%%?_\E}b %M‘?) &%%&89189%9 o a%\%l%ﬁ%s rdéére L8P Spfs thereof.
[0024} ooThepolishing gor@ﬁoamm%an tfc@ﬁ}ih'ﬂe aTdmefaptalnt sﬂiﬂ/a:grheologlcal control
agent, ﬁ%?ﬁlﬁ#ﬂg&sﬁg %nﬁ%@r%g%en‘?sa%‘l nctolafg!tl zg §§%OP}FB% ﬁ]&ologlcal control
agentugugh as, Soi ¢>am1ﬂe,ameﬁ1ﬁmamlggleasje Suitableeltfa@antb dhn Bicfude, for example,
R LR At R T ———
theredffpam thg likge Breferablyh mmlimmmnwmw donfitise¥ RineAldnYc surfactant,. An

is 10 ppmto 140 ppm




[ 0026] The polishing conposition can conprise a
bi oci de. The bi oci de can be any suitable biocide, for
We@x@sPpbmE20 an i sot hi azol i none bi oci de. The anpuPCT/08§2007/019274
bi ocide in the polishing conposition typically is 1
to 50 ppm preferably 10 to 20 ppm [0027] The
pol i shing conposition preferably is colloidally
stable. The termcolloid refers to the suspension of
the particles in the liquid carrier. Colloida
stability refers to the mai ntenance of that
suspensi on through tine. A polgshing conposition is
considered colloidally stable if, when the polishing

exa.nqﬂa‘pﬁs sititabile hsmbhmﬁ'a&tﬁhﬂs an léﬁed%ﬁﬂ@ %B%x%‘tlh&féﬂg 'surfactant.
to st gltat for atine

The WBBP% f%Hbfda‘ia’Pfrlélr ﬁegh W?%@%E’ﬁ&éﬂb’ﬁ%&@@ﬂl Bft.% to 1 wt.%

(preﬁaably 01068 W% 1th16.1 Wit LA é@reﬁreﬁiaﬂliﬁ 8.0053AUAUE B.05 wt. %),
linder ([B] in terns of g/ d the concentration

[002§ paths Rq lébmgi an?élttoa;fas@ompn@e an patifpamingegat. The antifoaming
agen€¥dd BWIS]y ithbie dhti ﬁ)ra %) TS5k éjdlél ﬁHX gé Qfenltg]fnuuae but are not

concentration of pa I'n t e po
limitg@ tpy s¥icondrased @)d $Q$t)tl€frlmslltdfbag¢dm)tlfpgmirmentsa heramount of anti-

foaIﬂF’r ef'er n‘ ET Qle%oé]ﬂshﬁ ’cﬁien[pg mf)g][tﬁ %l [ ]lf)i—p% n?}ec'slsﬂ'q PR or

[0026h u aITlteqaqm.SBmglmrrqaqsrtmhe!aa lebynprise b bisideh dbhebioeidd @hn be any suitable

viooffo o LR I0L TR ARNY bifick ST RERinE ¢ B e bR potishing
compmsnﬂon t&ﬁﬁaﬂjr 1sTh€b SOppahpRgerablFnesbiogpnean be prepar ed

0021&% SUui t | e technj of whjich are known t

[ Phenotishis g. %ﬂrntmém&gtpref?%g%{§| GodRidally stblrosths tsrm ‘calloid refers to

the sﬁs;ﬁniien Pf eRAsRAcledirfthe iﬁhﬁhi &rierC AR I UBabRIYTERSs to the maintenance
neral ]y, the polishing conposition can be prepared

OfthW“ERﬁ?Bli% thepuehdime ofnpoliehing comppaibpn ihcansidessdratloidely stable if,

herl & BoliSIAABL 06RBbsitids |
e PRSI A AL Nt AR AR s s s

unagugtpqi forsa Gy urs theodiffsterica §eadicnthe creentrationef part;xcles in the
bottoﬁ’?lj@ Ry %-Qduascé'& EagiaP n? gegm?s of' %?}gé Wathe conceng%tbo& of particles

pol i shing conposition ca S a onhé-pac
in thgtpgﬁ@rmbgﬁqhm gadugtetdhce/hndemu’l‘ Hmctarms of g/nilhdivideddsi the initial

concé ggﬁg?#) sqg?ﬁén%oliaﬁnign Jnlaé)qr%%bodnggipne Hgg t‘%)rrgﬁls less than or

equaldm(bls éuen,g{[Bg; er[ﬂ“]}/p@h DhS)s iu'm*eﬂablir the alhd 65[tB]C[(Il]l[@n REess than or
as a s @Hogvor di s er3| n.in
in

cauai 0 gl S 1B BB i s tan o
equalsto®h05 and heosa prefisrably ialsds idaesr eqdsli tbiovess, can be
Oozéupphbg Egma second .contajner or rultiple other WO
[0028] 55 1S BR5BNiPEPPIIRIBIR 629 b Brepered iyt anyrimkitabledeqhwique, many of which
are kiioVon t0ihbsé §161led &1 th%'&ﬁeq}férpdl'i%ﬁ Q:Qﬁip%kﬁ‘i%h caRBR! P&Jak% a batch or

of the conpgnents of the ollsﬁ np03|t|on are
contipiqu§proqess RpARlBgRe e?hsm@g @Cfmmsemlmva,n kprepared bytgembining the
compdhénts [P Hin 38Y b1z OTRERGH %o Bn@Sis W€ ﬁg‘léﬁlsthﬁde individual

can be placed 1n one or nore contalners either (f
ingredignti(&8- f¥idizigg|agentopbrasivenic.) agywel as any pembmvnoe of/ ergxedlents (e.g.
water. Ealbéerf‘éihgﬁm abQhtst By, components in the first,

Second, or other cohtainers to have different pH
[0029} | uEbe polishing eompositien yan b@sdp@\hed asl bghamaclmge)system comprising the
liquid? Jha@lél‘the a%ms?yee g%ens%g gllz n ?,'gegg ﬁmg é)pBg?zﬁ yaq)t zlﬂ%ltwes Alternatively,
some @ffi ther@nn%pcﬁlﬂ:ptsl swetth aswaix&dleing aEEacaaBh ?]lqiﬂlh'%d I%H?irﬁ&ﬁntamer either

conbi n n r, short e

in ary)Bgm 875 €50uiGa girpiraion Ty Rgig cirer. andallyrapaigggomponents,

such as the abraswe and other additives, can be supplied in a second container or multiple other




prior to use, 1 hour or less prior to use, 10 m nutes
or less prior to use, or 1 mnute or less prior to
WQs@p/03(4@031] The polishing conposition al so CBEI/D82007/019274

provided as a concentrate which is intended to be

diluted with an appropriate anount of liquid carrier

prior to use. In such an enbodi nent, the polishing

conmposition concentrate can conprise a liquid carrier

and optionally other conponents in anmpbunts such that,

upon dilution of the concentrgie with an appropriate

anount of liquid carrier, ea conponent will be

present in the polishing conposition in an anount
contaviersii @theh @N&ppntaineir,atrehreamgmore cohiatheabombirfitioneafthe components of

N TN R T

[00303 t i 88Hd cdmipbn@ss, sﬁblaSs giembﬁe)s1vegéa&ﬂg@plabétﬂﬁl dt’ﬂﬁor more contamers
trati on recite ve.for .each conponent

eltherp'& Bidry E?Iﬁg Oemé‘?w%w g figp gartigy SMoraoRER dhis shts rLA? for the

compbfiertts ﬁﬂJ!h@CﬁrW bétonl, Gth&Rdonedifery & HAR dAffetenfipHvalues, or alternatively
carrier an equal vol une of liquid carrier,

2
to hayggppst %Mlmgnl?r origygn gaealr pHgplues. Thagpmpeneniesf the polishing
compbbifighdat BE Phﬁfa’lly% efitireflS\@ip1iea |séﬂ§§teﬂlf frbia@4LH ofRE 51‘1@ Ean be

respectlve each conponent Wl present 1In

combinigid; g4gi. By the epﬁ%r@gm shently hefore mm(grg Wtepk far bﬁ%pn@rrigesse 1 day or less
prior \;?ﬂgiéc bl @Pﬁgse%ﬁ%’rr tgqgg hl@ﬂfﬂﬂ?&ed}t gss E{J‘H QIBF%? ro?’rll ﬁlglte or less prior

be under st y those of
tousgdrt, the concentrate can contain an appropriate

{OOBIAr aCtl"‘ﬁxQ ﬁoﬁghl n%@oﬂn gﬁhgn gfgr ! ' e Ito%sicg ﬁi; | nc%r{]gg{xtfr%tg g&l’hlch is intended to

osition 1n
be dilatddewitic ampppxepnateaﬁnddm oﬁhhmﬂtuafrg-,;rqmmp asudd. dn satieadtmbodiment, the
l.ved, or .suspended

. Jl.east par.t.i al | fully disso
polishif SumRRtHPR spsAs A oP R R 6 SHEI T NEPRorally other
compﬁﬁénts i ﬁgoﬂ?ﬁ i ﬂhta% Rpbs ﬁﬂﬂﬁ&ﬂ léﬂh@ rc?ﬁc@bﬂaltd?\dltfl% ﬁyﬁx%pnate amount
conj unction wi cheni cal - nechanj cal poli shi ng
of hqr"él\ﬂﬂ)ﬂ pp%%mon?ngm preseifdn Hispalishing cosyiasHiosds ag amount

withi® b fpropMHuté {‘hng\é@é’d‘teﬁrhbki@@for'eﬁcﬁ SoriBénedR POCe:iR%H1& each component
velocity that results fromorbital, Iinear, or

can be presetan thdeonsantrae i pr SAIOHE! thaiis 2riimesiteat: 3 e, 4 Hares, or 5 times)
greaté}ltﬁﬁr?@le%eﬂcﬁﬁr‘é'neﬁ rvw,l{ea aBB ﬁlr%taapcoﬁ‘i@&{kn't Fh Hl%?g‘l’i Ohin@ Bmposition so

a carrier t trate to be po Dy
that, when Getcpneprinate lmhlurﬁgi erth: Iaalapm@ptl@tet\héura@ of Hgeidafarridrde.g., an equal

volunPe]opfﬁ’ @gaﬁgpe%&ggbg%geg %Rl RGeS AL Fuk @S liquid carrier, or 4

equals'@bsmmfdlm&d pagrigt, acsmeimelyb eacictommpdrient wél pe bresbmtng the polishing

compgérj}{{orggrg %rﬁ %rzlto%tlgiﬁﬁ@ﬁqge g g’ tt mf,gll?~I alg?\ﬁ: icorb Sﬁqngﬂoegrﬁ%onﬁéa)fuﬁhermore
as willbt Iuntléretopdlliysthbmﬂtﬁdmam)smn gn thelat, theccon@eiitffte can contain an

abr ade at rtion of the
appeoBtf Ftian of ot <Biet Peshe i SpchinglsBYsiinBgemPapign in order o
ensuré fitut PR dtEEY dEnpdnRAfhe pSlisheiLeomptatidiyar8Richs pafgally or fully
ht of tﬁ?ﬁ silicon carbide substrate, which is

d‘SSOIUggﬂrfW eadrshindht RNCSAERYAL sili con carbi de renoved

[0032] I ONThEfivehtiBSnetld ofPetibhihe GRabsLRS 1ﬁ5a§t1é’\ﬁ£1]ly 5&1@8&%& Ose in
the art. [00341 Polishing refers to renoval

conjupelipn With g shemisial srechanigalnodishing (Em)sqppﬁf@% Lﬁmeeély, the apparatus
' compgﬁ’és' Sptafafl, GRRHDGHER i BETRANRoRIOM G2 WS iR Ra R IR rom orbital,

reduced surface roughneds by renovi ng
linear, or circular motion, a polishing pad in contact with the platen and moving with the platen

when in motion, and a carrier that holds a substrate to be polished by contacting and moving

relative to the surface of the polishing pad. The polishing of the substrate takes place by the



gouges, crates, pits, and the like, but polishing also
can be perforned to introduce or restore a surface
wW@ews®swy0 characteri zed by an intersection of PCEHOS2007/019274

segnents. [0035] The nethod of the invention can be
used to polish any suitable substrate conprising at
| east one | ayer of silicon carbide. The silicon
carbi de can be renoved at any suitable rate to effect
pol i shing of the substrate. For exanple, silicon
carbi de can be renoved at a rate of 5 nmhr or nore
(e.g., 10 nmhr or nore, 20 nifhr or nore, 50 nm hr or
nore, 70 nm hr or nore, 100 nm hr or nore, or 200

substiagg being plared &) contdre veitd the polisiany pae aﬁ:dithehmhshmg\ceﬂimmtlon (which

genergHy T iFppsel PeIE o BPSIRE AH e FoFLRE PR wish Hpiihing pad

movifg rdl@ff) to th&\GaEHeNgd ¥s toldbeadsl dt &R ﬁ@ftbindﬂ‘ th@sutdate to polish the
removed fromthe substrate at a rate of 5 nmhr to

substret®0 nmi hr (e.g., 10 nn/hr to 1000 nm hr, 20 nm hr to
[0033?00 ﬁ%ﬂéblggt@xe %h&lﬁng Qné-ggnit' 'is”dé?énmﬂ&i quxﬂﬁntbﬁnﬁ ?fQQwel ght of the

nm hr . More preferab
sﬂlcoglcmtu%sm&btedwh@éms peed ferﬂwmte theamauné sidiopa Pﬁrétd@ r&moved from the
70 nnfhr to 180
S“bsn%réﬁ‘,?"h%%ﬁ]%?%ﬁ%r ?}gﬂf‘%‘gg’nﬁﬁ{fﬁg 30 nmihr to 1000
[0034] rri h Ppliﬂlﬁﬁg mefetsrto thoe mvahﬁfm lea;st a pofiamgfrarsur facd @opolish the surface.

f l
I TR TRV ————

gougéso paites, pits,andithe Eik‘qg bmyolhshmg alstg caﬂ e padfpamed B AMRIdBCE or restore a
f 037 Th| S exar% % Eﬁstr?t es e effect, on the
s“ra? §ir; hagacheriasd By RIS 8%0893Pﬁé °8B88ence of
[00353U bstmetmah&cyoismb @ivehtion Shih be @sand paliskxhy bwiedbld subltrate comprising
pol i shing conposition. [0038] A 6H sem -insul ati

at 1 n .
at leat e 1éy"6r%f§tléﬂ°nsqa’ml@%n %F%C%ﬂé@%g rﬁaw%‘i]%t&%w%able rate to

effect ﬁdhshﬁigféf%@ aﬁbdaalel Sﬁarrégaxﬁs@ Gfibbh BABide dad be QBB M Bat a rate of 5
each of the pO i Sh I Ng conp03|t|ons ar e

nm/hf mmgm @ek-i 10 madirer more0 mmyhros maers, M) ga/ty oxggere. Fpw/hr or more,
100 At BE oV Sr Qﬁb g&w&dm N3 'é‘lhceﬁ Lhdfidn be removed at a rate of 800
the resu 1. WO

conpositidn, ts are shown 1 n Tab
mn/hQGﬂRB@@OQ.ZﬁDQ’@WI‘USE m@sw 300o@AAr of lesS',%LOElm/hPQI‘ ﬂ@hl a1 @00 nm/hr or less).
Al
Accopd 1%%3 esg%o&onggel% ¥ S%’%rn ncen‘?‘r“gfl on rﬁ%tr?ﬁ}ff nm/hr to 1500

nm/hi &.§.C umnﬁvmtmw@poam/ht, 20orfwiee tb 300nrhhr 180 ﬁmﬂhr tsiSIOOmm/hr 40 nm/hr to
1B, (conparative 0 % funed 0. %,H202 10-10.5
300 gt PSR K SCREY 2T i b, BieF et cEg e removed
from H?é)éhblﬁ)atk&t b raté.0%20 &kﬂ/}ma IJSID r(rﬁ/(hi’cpm’r&h!hte() 180 nwi/lr¥d 00 nm/hr to 180
0, -
YA %o 18002021 0 nimlir fo 280 mm/hes ot 266 nm/hr to 400 nmy/hr.
[0036] The following examples further illustrate the invention but, of course, should not be

construed as in any way limiting its scope.

EXAMPLE 1
{0037} This example demonstrates the effect on the removal rate of silicon carbide by the
presence of substantially spherical silica and an oxidizer in a polishing composition.
[0038] A 6H semi-insulating single crystal silicon carbide wafer was polished with ten
different polishing compositions. The contents and pH of each of the polishing compositions are
indicated in Table 1. The silicon carbide removal rate (nm/hr) was determined for each

polishing composition, and the results are shown in Table 1.
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polfsgﬂg anti al T ypedeliey 1 cdl  siOxidizepart|i cl i i n Silicon Carbide Removal
Compé¥iRomat | OCopbdirationox| dicticB@raiant) such asl amoRaerthm/hr)
rsulfate, potassiumliodate aor oxone EXANMPLE 2
1A (cofup0a0Ye) Thi 30 wxnpireedieronst Nebes thelgflfoeﬁ:t on the 9
renoval fate eflicgilicon carbide by presence of
1B (compdriteveynt MWdeﬁngeféTelﬁ)ﬁswt-% Hh@: pollpsll‘ili g 46.5
conposi tj on oilicae i nviention. [0041] A 4HNlsingle
| 1C (corfparativd) 5130 eorn tand de wekes Had, pollDslfe® Wwith sevéhs
di fferenf polsitgai ng cpnpositions. [Each of |t he
| 1D (copirhEhé)ND SOWR9S irha@ns| comivathEHo30 wo-1%.Subst ant i &AL Y5
spherical siliggga Si x pf the polishing conplositions
1E(co&i\@a[r§n{ré3f ner 3pRe.Je! ed y thryadditijon ob ef ther 0
anmoni UM peggdlahah amoni um cerfi um nitrjates as
Lgdlr Egge:{ L ek Q] &1 V\D 2008/ 030420 PCT/ US2007/ 019274
1F (1nvétﬁ SLz4 %0%_%(&” ar Uhqﬁ genmovial ggte [(nnnhr) f?\@_g
ned fu%%tagggﬁ%po i s;%‘ggm G OSI tron,} and the
resu!Lts Ar e s %‘é‘f“m lca,;I'abIS ul,fat’g‘ LE 2 Poli shi ng
1G (1nv§ém)gr' Qa'l: le IQI i \J 101 UYWt\.'yIIpU EITlT dat Iﬁf
sub 2' ammonium
spherical s1hca persulfate
1H (invention) 30 wt.% 1 wt.% KIOs 11 124
substantially
spherical silica
1I (invention) 30 wt.% 2 wt.% 10 124
substantially ammonium
spherical silica persulfate
1J (invention) 30 wt.% 2 wt.% oxone 10 93
substantially
spherical silica
[0039] As is apparent from the data presented in Table 1, the silicon carbide removal rate

increases when the polishing composition comprises substantially spherical silica particles in

combination with an oxidizing agent such as ammonium persulfate, potassium jodate, or oxone.

EXAMPLE 2
[0040] This example demonstrates the effect on the removal rate of silicon carbide by the
presence of different oxidizing agents in the polishing composition of the invention.
[0041]

polishing compositions. Each of the polishing compositions contained 30 wt.% substantially

A 4HN single crystal silicon carbide wafer was polished with seven different

spherical silica. Six of the polishing compositions were further modified by the addition of

either ammonium persulfate or ammonium cerium nitrates as indicated in Table 2.
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the data presented in Table 2, the presence of either
anmoni um persul fate or annogéun1ceriun1nitrate in the
pol i shing conposition increaséd the silicon carbide
renmoval rate fromO to as high as 182 nnjhr. EXAMPLE 3
[0042) 004Fﬂe| s'ﬂlitto?l @mﬂp k]ﬁndmhmts (mmﬂn:s\ghhéchtefrflmd faneach e)]ghshmg
val .rate siljcon c e by the presence of an
°°mPQ§}H% bat ﬂ}eﬁe%}ﬁf?&}r? ShAVRY ?PB%ZI tion. [0045] A 4HPSI
single crystal S|I|con carbAgﬂjmmfer was polished with

thr e digdi@REIE [0/ | SXididerc OMHOBHE i{ONS. STHeeh itbibe
pol i|shicign SRRAS! tl UthcERfitRnNgd 30 [WR &) Raddinn@hb)y
sphgrical silica and was adjustled ta a pH of 10 Two
of t|fA feinpsirating) donposNfA ons Werl® flurther nBdified
by t|[2B @dderttiom) of| anmbmitdn per|sdldf gt e as i ndPZated in
Tablle 3. [0046] The snimaonmcarbi de |[renoval rate
(nmiihr) was det er ni neperbdfateach pol ijshi ng
CONHGXE (invéntiom)d tlhe resuloos are 19hgwn in TakT.8 3. WO
2008/ 030420 PCT/ US20Q#firkdgds4 |13 TABLE 3 Pol i shing
Oxi di zer Silicon Car bpégulfate
2D (invention) 1 wt.% 10 126
ammonium
persulfate
2E (invention) 1 wt.% 10 182
ammonium
persulfate
2F (invention) 2 wt.% 10 105
ammonium
persulfate
2G (invention) 1 wt.% 1.7 126
ammonium
cerium nitrate
[0043] As is apparent from the data presented in Table 2, the presence of either ammonium

persulfate or ammonium cerium nitrate in the polishing composition increased the silicon

carbide removal rate from O to as high as 182 nm/hr.

EXAMPLE 3
[0044] This example demonstrates the effect on the removal rate of silicon carbide by the
presence of an oxidizer in a polishing composition.
[0045] A 4HPSI single crystal silicon carbide wafer was polished with three different

polishing compositions. Each of the polishing compositions contained 30 wt.% substantially
spherical silica and was adjusted to a pH of 10. Two of the polishing compositions were further
modified by the addition of ammonium persulfate as indicated in Table 3.

[0046]

composition, and the results are shown in Table 3.

The silicon carbide removal rate (nm/hr) was determined for each polishing



Conposition Concentration Renoval Rate (nmhr) 3A
(conparative) YA O 3B (invention) 1 wt.%22.75
wa@eomssure persul fate 3C (invention) 1 wt. % 2BCT/US2007/019274
ammoni um persulfate [0047] As is apparent fromthe
data presented in Table 3, the silicon carbide renoval
rate i ncreases when the polishing conposition
conpri ses ammoni um persul fate. EXAMPLE 4 [0048] This
exanpl e denonstrates the effect on the renoval rate of
silicon carbide by the presepce of an oxidizer and an
abrasive in a polishing conposition. [0049] A 4H
single crystal silicon carbide wafer was polished with
fifteen different polishilBEBApositions. The
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PCT. US%OO?/ 0%9274 14. Sili con, Car bi de
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subst drXG Gpventosher | 20

EXAMPLE 4
[0048] This example demonstrates the effect on the removal rate of silicon carbide by the
presence of an oxidizer and an abrasive in a polishing composition.
[0049] A 4H single crystal silicon carbide wafer was polished with fifteen different
polishing con‘ipositions. The contents and pH of each of the polishing compositions are
indicated below in Table 4. The silicon carbide removal rate (nm/hr) was determined for each
polishing composition, and the results are shown in Table 4.

TABLE 4

Silicon Carbide
Removal Rate

(nm/hr)

Abrasive
Concentration

Polishing

Composition pH Oxidizer Concentration

4A (comparative)

20 wt.%
substantially
spherical silica
(Bindzil)

10 N/A 76

20 wt.%
substantially
spherical silica
(Bindzil)

4B (invention) 10 0.5 wt.% H202 105

20 wt.%
substantially
spherical silica
(Bindzil)

0.5 wt.% potassium

10 periodate

4C (invention) 102
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0.5 wm. % potassium 116 sph]eri cal silica persulfate

alco 1034) 41 (conparative) 0.5 wt.%ceria 5 NNA 0O 4K

(conpatative) 0.5 wt.%ceria 5 B000 ppm pot assi un Bilicon Carbide
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4D (mv%ﬁet?o ?)r (chhermabhaces 9.5 vv% . % pot assi wperssifate
(Bindzil)
20 wt.%
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4E (comparative) spherical silica 2 N/A 97
(Nalco 1034)
20 wt.%
4F (comparative) subs.tantla_ll.y 2 0.5 wt.% H202 96
spherical silica
(Nalco 1034)
20 wt.%
. o .
4G (invention) subs.tantlgll_y 5 0.5 wt. A; potassium 122
spherical silica periodate
(Nalco 1034)
20 wt.% ‘
. o .
4H (invention) subs.tantlgll.y 5 0.5 wt.% potassium 116
spherical silica persulfate
(Nalco 1034)
41 (comparative) 0.5 wt.% ceria 5 N/A 0
. . 3000 ppm potassium
4K (comparative) 0.5 wt.% ceria 5 periodate 0
. . . 3000 ppm potassium
4L (invention) 0.5 wt.% ceria 5 persulfate 64
aM 7.5 wt.% g seeded
. gel process alpha 3 N/A 0
(comparative) .
alumina
7.5 wt.% seeded
4N (invention) gel process alpha 3 0.5 wt.% H202 37
alumina
7.5 wt.% seeded o .
40 (invention) gel process alpha 3 0.5 wt. A’ potassium 59
. periodate
alumina
7.5 wt.% seeded .
: : 0.5 wt.% potassium
4P (invention) gel process alpha 3 persulfate 350
alumina




alum na periodate 7.5 wt.% seeded 4P (invention) gel
process al pha 3 0.5 persul fate potassium 350 al um na
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apparent fromthe data presented in Table 4, the
silicon carbide renoval rate typically increases upon
the addition of an oxidizer to the polishing
conposition. The conbination of seeded gel
al pha alum na with potassium persul fate was
particularly effective in i nlc easi ng the renoval
of silicon carbide. EXAVMPLE 5%0051] Thi s exanpl e
denonstrates the effect on the renmoval rate of silicon
[0050F ar bAslis dppatene frop’r emelawpreéentéd‘ iherabid 4,ttyipeBicoh catbids menoval rate
ve in a Si ti o A 4H
 ypicaifeskEs pBpR R T SR arBs pOER b FER e ioR + Fhe

combigibtiolof deeded belinbibbitha a6AHRA %\hi}i PorassiEA pRrs@ffate@as apamcularly
pol.i shing, conpositiagns contained 3 w.% abrasive an

effec“i’edn\’/&cr%m}ﬁotll‘5§%rp9¥ﬁlﬁéﬁe§%§|5\‘h&% carhif-was adj usted to a
pH of 3. The type of alunina abraS| ve used in, each
of the polishing conposi tESAMPLESndi cated bel ow in

[0051]2'abl Eni® exarBPRIb S itel H&%fe‘é@ﬁrpﬂféereﬁﬁmﬁ{e 8f8ificon carbide by the

hr) was determ ned for polis
preseneg i diffarpofrtypemef aliminasbudsi v iarapddisbing qompmbicm 5.

TABL I
0052 L5 L8 A8 A8 BB UGSy g otising
comp@itiens( Brach Réﬂmmlisﬁhlgesonmwmons Bo1fthimed 3t woh) al:ﬁ'&ed@ﬂhd 1.0 wt.%

potass \ygﬁsh a ﬁs)GglP uvr‘r%la 3 teg ioaa Yglgoofcgsfhet %%f (ilﬁuixﬁgé)abga%ve used in each

of the @bhwlﬂng compoﬁmnmhs@ﬁdmhted BN inIHD1 29  11) 5 D

10053}, ¢ i s Grele o e @%ﬂ%@w# g‘ﬁ5§faf JoSgachypolishing

compc@ﬁlﬁkﬂi, AndPthe3Rbulis’are §05@n FDTaIE 5( 1 nvent i On) al pha Sai nt
Gobain PN 800 151

process

rate

TABLE 5
Polishing Alumina Type Alumina Average Particle Silicon Carbide
Composition Manufacturer Size (nm) Removal Rate
. (am/hr)
5A (invention) seeded gel Saint Gobain <100 315
process alpha (alpha)
5B (invention) " fumed Degussa 120 109
(RMU3-11)
5C (invention) fumed Cabot (RMWA- 120 129
11)
5D (invention) polymer coated Cabot 120 58
alumina Microelectronics
(TPAG)
SE (invention) alpha Saint Gobain PN 350 121
7955.35
5F (invention) alpha Saint Gobain PN 800 151
7955.80

[0054]

alumina resulted in a silicon carbide removal rate which was significantly larger than the rates

As is apparent from the data presented in Table 5, use of the seeded gel process alpha

achieved with the compositions containing other types of alumina.

EXAMPLE 6
[0055] This example demonstrates the effect on the removal rate of silicon carbide by the

concentration of potassium persulfate in a polishing composition.



7955.80 [00541 As is apparent fromthe data presented
in Table 5, use of the seeded gel process al pha
w@bwsios20 esul ted in a silicon carbide renoval PEEHUS2007/019274

which was significantly larger than the rates

achieved with the conpositions containing other types

of alum na. EXAMPLE 6 [ 0055] This exanpl e denonstrates

the effect on the renoval rate of silicon carbide by

the concentration of potassiumpersulfate in a

pol i shing conposition. WD 2008/ 030420

PCT/ US2007/ 019274 16 [0056] A®AHN single crystal

silicon carbide wafer was polished with five different
[0056p| i shi4BDN singleuagsthl silicon daglsiie faférieas)dlisBéd Hgth five different polishing
composi tiaons .contai hed 3 wt. % seeded, ggl process al pha
comBRRHies 4O RekshiEE amAsHiSopk coHtained Aol eoqstege] process alpha
alumped Arﬁfwwac?@ﬁ@@&i 4 pHIT MV dar be ke ¥lis obipRditns Wike further

%ddi tion of potassium persulfate. [ 005 The silicon

moditigp by the pddition of patagsiymmerTaigas det er mi ned for each

005PP! | SHH\GlicdrOdEPOIAL FdrRByal 244 (s | Rlishi
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compogitising and thersepdisiare phawat buldhde 6. Stabi | ity Renpval Rate
Concentration (nnhr) w. %i-AgﬁE&&on'par ative) O stable

(])'SOOBPéll'is it '?’g ') G%O?ngiu?r%?i‘”oz) ‘3?'(6 q%lglbr(:cwbgg% arbide
(i vgtr:f?l%l YT ungt zﬁ%%u%f 88 [0058]™ .f?Ys appa val Rate
fromthe data pres r?gg‘%)roxf’a le 6, the siljcon (ah)

: at-e—~ceftinud i las the

| potassl um perisul £ $a1e ner ehsed |1p15n
2B, Goxe ' bet wBO820 005 w offalel 0 0R w9290
pot s & i ate OBANPI E [7 [ 0@%Pie Thi s| exanpl3B6
dein®A {mvantean)t he| ef f ed:0%n t he renwtadiler at e| of si 1376on
car®k Gaventiomde lconcen®dati on |of sestdbie gel | pr oce<ss
al pha alumna in a polishing conposition. [0060] A 4HN
ingle crystal, siligcon carbide. wafer S, pQql.i shed with
0058, 0 5 g S S5 BB S Srova v
contifiodd ®HhOGaeEIING céndRAGaENb Btk ge%lf%ﬁﬁ%ﬂﬁhw toa
of 4. e

rsulfate and was adjusted to a pH,
concqiAHER Rty BN VT ShEF08 Weoth patheipma eersEbaGe
process alpha alumna at _a concentration of either
0.1 wt.%or 0.5 wt.% EXAMPLE 7

[0059] This example demonstrates the effect on the removal rate of silicon carbide by the

concentration of seeded gel process alpha alumina in a polishing composition.
[0060] A 4HN single crystal silicon carbide wafer was polished with two different polishing
compositions. Each of the polishing compositions contained 0.1 wt.% potassium persulfate and
was adjusted to a pH of 4. The polishing compositions also contained seeded gel process alpha
alumina at a concentration of either 0.1 wt.% or 0.5 wt.%.

[0061] The silicon carbide removal rate (nm/hr) was determined for each polishing

composition, and the results are shown in Table 7.

TABLE 7
Polishing Alumina Silicon Carbide
Composition Concentration Removal Rate
(wt.%) (nm/hr)
7A (invention) 0.1 213
7B (invention) 0.5 288




[0061] The silicon carbide renoval rate (nnmfhr) was
determ ned for each polishing conposition, and the
w0 e@alos@2@r e shown in Table 7. TABLE 7 Pol i shipgr/us2007/019274

Alumina Silicon Carbide Conposition Concentration

Removal Rate wt.% (nm hr 7A (invention) 0.1 213 7B

(invention) 0.5 288 WO 2008/ 030420 PCT/ US2007/019274

17 [0062] As is apparent fromthe data presented in

Tabl e 7, although both conpositions were effective in

pol i shing the silicon carbidq7mafer, t he conposition

containing the higher concentration of alum na

achi eved a higher silicon carbide polishing rate.
[0062]EXAMLIE a@piren6BPmTthe datepaershted de fahket 7, althsugthbothicbapbsitions were

.00 : . I e._qof ,sever different types o .
etec 905 O ERNE bl 2Rk he ol SHERh ip Rl niner
concerftB@ida]of lihmaindiathievets highpesiliodn SirbifleoticMingahtesi | i con .

car bi de wafers were polished with a polishing
conposi tion containi ng 0BXAMPhoE8eded gel process

al pha.al um na .and 0. 03 . % potassium persul fate, .
006313, ” Ry Bonirals o pfiss oR B Ermordlsmeiatspaal differont typos of
siliconrcamsidakvaféat by @pvlishihg\WempdsitighM ned for each type of

waf er., the results are shown in Table 8. TABLE 8 )
006415} Nige a%gﬁ‘ﬁ?tdxpegi qfisingle exystal siliconygarbidemafersnuers palished with a

lishiRgtc i i 4 o
ol gt o695 18 2 L, 4 R 0 .

potassiughBgFuliaie; adivgipbioarriof 4m t he data presented in Tabl e
[0065]8, A€ sifRéGRhIBIG RAVIMAY (nm/hr) was determined for each type of wafer, and

the results are shown in Table 8.

TABLE 8
Silicon Carbide Silicon Carbide
Wafer Type Removal Rate
(nm/hr)
4HN 282
6HPSI 235
6HPSI 222
6HPSI 241
4HN 322
6HPSI 341
6HPSI 358
6HPSI 345
4HN 316

[0066] As is apparent from the data presented in Table 8, the inventive polishing

composition was able to successfully polish each type of silicon carbide wafer tested.

EXAMPLE 9
[0067] This example demonstrates the effect on the removal rate of silicon carbide by
polishing a silicon carbide substrate using different polish tool parameters with a polishing
composition.
[0068] Five different sets of polishing tool parameters were used to polish a chemical vapor
deposition (CVD) polycrystalline silicon carbide wafer with a polishing composition containing
1 wt.% seeded gel process alpha alumina and 0.3 wt.% potassium persulfate, adjusted to a pH of
4.



conposition was able to successfully polish each type
of silicon carbide wafer tested. EXAMPLE 9 [0067]
wabios/oaampl e denonstrates the effect on the repoDVst007/019274
rate of silicon carbide by polishing a silicon
car bi de substrate using different polish too
paraneters with a polishing conposition. [0068] Five
di fferent sets of polishing tool paraneters were used
to polish a chem cal vapor deposition (CVD)
pol ycrystalline silicon carbi wafer with a polishing
conposition containing 1 wt.% seeded gel process
al pha alum na and 0.3 wt. % pot assi um persul fate,
[00691d] usttediliconecaptiide femdval Yie pEOSID@@g @6termined for each set of polishing
CT/US%QB7/01?274 18 q§§1 Jhe silicon carbide
condjtians, and the Fesults AT 0 #&1%mi ned for each set of
polishing conditions, and TABIESuUlts are shown in
TapTe PolisAEEE 9 Pqﬁh@hlsiseecPl al eDSHeBdrcBown FRilicen Carbide
Si| i cengiidiisde | Condig hgns (ripm  ( pss) RemivakeﬁmvelRate
nrn/ hr) 9A (|nvent|on) 0.96{ 63 9B (i nventi on)nabhr)
iz .A{Ivcvi&ﬂ(rﬁuentlogb‘luu 2l 87 69me 93‘(b3¥8nt|gﬁ)
9B (il edtion E(TnveRpron) 10 4.7 8% P82 | | A»1 s

2:0 Tven UI’I t If:’\liil‘l'amj t:‘?l:‘rr[ ulb: Ezlgﬂpl jb‘dl ”gnsi 655
R\S1+ Clrova al t© I %} ﬁl
ro (mygphg bedl-of—thia pot+-shi-h 2 re—tre uLOWIaé
= uuuP oT—T ||I,% g p%g 9§2
fo (“' EQQQ e—of—th o st+a agatr-Ast—the—pottshtng

"~ pad mere i ncreased. WD 2008/030420 PCT/ US2007/ 019274

[007 éP CLA \Bipparenf\roRi the @aff préeaddaalTapieahasilican katbide removal rate
pol i shi ng a substrate, which nethod

incragol s pipten SNIAohoaeod GGG B HGMEP A IR (he aP Syt pressure of the
subs%%teesd Q&% h%gs\éﬂg‘rﬁh%?bh Wepincrakdd.de with a

hani c pol I shing conposition conpri sing:
(a) aliquid carrier (b) an abrasive suspended in the
liquid carrier, wherein the abrasive is substantially
spherical silica particles having an average particle
size of 40 Mh to 130



nm and (c) an oxidizing agent selected fromthe group
consi sting of hydrogen peroxide, oxone, ammoni um
wW@eoososn4m0 t r at e, peri odates, iodates, persulfaPerySand019274
m xtures thereof, and (ii) noving the polishing
conposition relative to the substrate, and (iii)
abrading at |l east a portion of the silicon carbide of
the substrate to polish the substrate. 2. The nethod
of claim1, wherein the abrasive is present in an
amount of 5 wt.%to 40 w.9%based on the weight of
the liquid carrier and any conponents dissol ved or
suspended therein. 3. The nethod of claim1l, wherein

the liquid carrier conpri er. 4. The method of
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condensation- polynerized silica. 5. The nethod of

Commﬂ8@1a|n11 wherei n the oxidizing agent is present in an
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carbide with yaerhdndcalhmoamicaﬁpolﬂﬁhmgrmmmnmﬁl cologirisingg: wher ei n
t he |ﬁ%UId Earrler .W th any conponents di ssol ved or
suspetdied PRIPSHE™MEs a pH of 9 or greater. 7. The
met ho@)of ah abmakile sudpehdaednntthe liguigluiatrigrawhersin thetdbraiw;e is

conponent s .di.ssol.ved uspended thereij has a
PR B sphgreaA  are SHRRRERT e St Ya e h 1o 130
firh)dndon carbide is renoved fromthe substrate at a

rate of 20 nnihr to 180 run/hr.. 9. The nmet ho
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bstrate co risin | east one | ayer of single
@)y st eiradingiat tnast a:mxbpu of thiet silicongaabide af ﬂmlbatﬁate 4@ polish the
substrat®©! 1 Shing conposition conprising: (a) a liquid
Carrier, (b) an abrasive suspended in the liquid
Tarri ’@hc msitterdesfielditel aidieasiin\the alsrasizk ispresend g an gmount of 5 wt.% to
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agent . wher.ei 0 i zin ent resent i
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4. The method of claim 1, wherein the substantially spherical silica is condensation-

polymerized silica.

5. The method of claim 1, wherein the oxidizing agent is present in an amount of
0.001 wt.% to 2 wt.% based on the weight of the liquid carrier and any components dissolved or
suspended therein.

6. The method of claim 1, wherein the liquid carrier with any components dissolved
or suspended therein has a pH of 9 or greater.

7. The method of claim 1, wherein the liquid carrier with any components dissolved

or suspended therein has a pH of 3 or less.

8. The method of claim 1, wherein the silicon carbide is removed from the substrate
at a rate of 20 nm/br to 180 nm/hr.
9. The method of claim 1, wherein the oxidizing agent is potassium periodate,

potassium iodate, ammonium persulfate, or potassium persulfate.



0.001 wt.%to 0.5 wt.% based on the weight of the

liquid carrier and any conponents dissol ved or
waempesded therein, and is selected fromthe grOUpsS2007/019274

consi sting of hydrogen peroxide, oxone, anmoni um

ceriumnitrate, periodates, iodates, persulfates, and

m xtures thereof, and (ii) noving the polishing

conposition relative to the substrate, and (iii)

abrading at least a portion of the silicon carbide of

the substrate to polish thesysubstrate. 11. The net hod

of claim 10, wherein the abrasive is present in an

amount | wt.%or |ess based on the weight of the,

1Q. qui 4 metheil of chevdicalhy-mashpnipaliy olishings subgtrate, which method

compris\%%_spended therein. 12. The nethod of clai m 10,
erein the abrasive conprises particles having an
@V er agmtading cdubsgate comprisBg an keast onedayer afFingld erystal silicon
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the ogh)di zaniguihesntied, s present in an anmount of 0.00 1

wt . % 0.1 . % based qn.th ight of the Liqui .
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liquid carrier with any conponent di ssol ved or
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process-a al um na.
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ubs ’raarlele at arate of 30 nmhr to 1000 nmhr. 19. A
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average particle size of 130 nm or less.
13. The method of claim 10, wherein the liquid carrier comprises water.
14.  The method of claim 10, wherein the oxidizing agent is present in an amount of

0.001 wt.% to 0.1 wt.% based on the weight of the liquid carrier and any components dissolved

or suspended therein.
15. The method of claim 10, wherein the liquid carrier with any components

dissolved or suspended therein has a pH of 5 or less.

16.  The method of claim 10, wherein the oxidizing agent is potassium periodate,
potassium iodate, ammonium persulfate, or potassium persulfate.

17. The method of claim 10, wherein the alumina is seeded gel process-alpha

alumina.



pot assi um persul fate, and m xtures thereof, and (ii)

nmovi ng the polishing conposition relative to the
waemmssEe, and (iii) abrading at |east a portPOnusfo07/019274

the silicon carbide of the substrate to polish the

substrate. 20. The nmethod of claim19, wherein the

abrasive is alumna or substantially spherical silica

havi ng an average particle size of 40 nmto 130 nm

21. The nethod of claim 19, wherein the silicon

carbide is single crystal siticon carbide. 22. The

nmet hod of claim 19, wherein the quuid carrier

npr i< 3. .The. neth clai.m,19 V\/ne
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carrier and any conponents di sso ended,
t1fer eif meghod q‘%@%ﬁﬂb’d’“&? 36!1%?111%??5 Sé‘g#o tﬁé"’hmh method
conqwﬁé QJuid carrier with any conponents dlssolved or

suspended therein has a pH of 5 or less. 25. The
Bt hoconfactingiarsubgratepemptising Releastiogie dayer jof S%t"&gé‘ib&ﬁﬁ with a
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rate df) 30 abfpid daorikQ00 nnt hr. srae s a
(b) an abrasive suspended in the liquid carrier, and
(c) © an oxidizing agent, wherein the oxidizing agent is present in an amount of
0.001 wt.% to 0.5 wt.% based on the weight of the liquid carrier and any components
dissolved or suspended therein, and is selected from the group consisting of oxone,
potassium persulfate, and mixtures thereof, and
(i)  moving the polishing composition relative to the substrate, and
(iii)  abrading at least a portion of the silicon carbide of the substrate to polish the
substrate.

20. The method of claim 19, wherein the abrasive is alumina or substantially

spherical silica having an average particle size of 40 nm to 130 nm.

21. The method of claim 19, wherein the silicon carbide is single crystal silicon
carbide.

22. The method of claim 19, wherein the liquid carrier comprises water.

23. The method of claim 19, wherein the oxidizing agent is present in an amount of

0.001 wt.% to 0.1 wt.% based on the weight of the liquid carrier and any components dissolved
or suspended therein.

24. The method of claim 19, wherein the liquid carrier with any components
dissolved or suspended therein has a pH of 5 or less.

25. The method of claim 19, wherein the oxidizer is potassium persulfate.

26. The method of claim 19, wherein the silicon carbide is removed from the
substrate at a rate of 30 nm/hr to 1000 nm/hr.



