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substrate, thus reducing mechanical damage to the substrate caused by the abrading process.
The use of such techniques to polish silicon carbide substrates could greatly reduce the costs of
manufacturing semiconductors by decreasing polish time and reducing damage to the substrate.
[0004] 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.
Electrochemical Soc., 144, p. L161-L163 (1997); Neslen, et al., J. Electronic Materials, 30, p.
1271-1275 (2001). The long polishing cycle adds considerable cost to the process and is a
barrier preventing widespread use of silicon carbide within the semiconductor industry. Thus,
there remains a need for alternative polishing systems and methods of polishing substrates

comprising silicon carbide.
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substrate, which method comprises (i) contacting a substrate comprising at least one layer of
silicon carbide with a chemical-mechanical polishing composition comprising (a) a liquid
carrier, (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 (ii) 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.
[0008] The invention additionally provides a method of chemically-mechanically polishing a
substrate, which method comprises (i) contacting a substrate comprising at least one layer of
single crystal silicon carbide with a chemical-mechanical polishing composition comprising (a)

a liquid carrier, (b) an abrasive suspended in the liquid carrier, wherein the abrasive is alumina
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from the group consisting of alumina, titania, ceria, and zirconia, and wherein the abrasive is

present in an amount of 3 wt.% or less based on the weight of the liquid carrier and any
components dissolved or suspended therein, and (c) periodic acid or periodates, wherein the
periodic acid or periodates is present in an amount of 0.001 wt.% to 1 wt.% based on the weight
of the liquid carrier and any components dissolved or suspended therein, (ii) 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.

DETAILED DESCRIPTION OF THE INVENTION
[0011] The invention provides a method of chemically-mechanically polishing a substrate

comprising silicon carbide. The method comprises (i) contacting a substrate comprising at least



and any conponent di ssol ved or suspended therein,
wherein the oxidizing agent is selected fromthe group
w@oengitstopng of hydrogen peroxi de, oxone, anmDNPCFUS2009/001326
ceriumnitrate, periodates, periodic acid, iodates,
persul fates, chronates, pernﬁhganates bronates
one laperdfisorglt eystaf slicat esbidpii) hevatgede ppbﬂnn@ hempesion eatative to the

substrgtgnziﬁ;lsﬁes) %Ea%élgg fgti le'ﬂla,sg gltpg)rtt%xe r‘@ﬁ glgféx? garglglﬁ &%hl?‘? %bstrate to polish the

substr@ll@r goik ggm%né Eﬁﬁbosﬁ‘n&%dmlﬁﬁhe@fcohﬁgts%’sédnﬁ@lmy 6ﬁbb colgsifd of (a) a
the substrate to polish t substrat e [0009] The

hquldwmm(bban flbresivie su%pp@dﬁiddeéh@hqmd pargiepfand (c) an oxidizing agent.

[0012 &atlgat'#dpnl? chaglletc& %’ﬁ SO| F I‘E’E\Iébsgan%aglg ??ﬁ n?%ﬁ%ﬁ%%'g;aﬁﬂcles having an

averag’ktpah@cﬂé 5izeBe40 ayeio 180 neh rhﬁh@he%&d&izﬁig #deht i838lectd Hiote the group
with a chem cal - rrechanl cal pol i shi ng con&g& tion

consisgiggpf hydragen pgroxide; Qong. FRMPIIEM Criyn Bifraig, pgapdaies, iodates,
persul?a"fgsg gﬁ%jg}%ﬂg&fg ttltfe%e(%fh GH 'a%eg&{drénﬂfddu??ﬁtr ﬁfe;}bg;{ggvr%ﬁg gfﬁﬁﬁi? and is

rom group consit s

preserit il @aRowRtefizayt. B 1edsibassd d@ tha Iwklgbhfblf eherliduié cabieasnd/any
resent in an anount of 3 w. @6%- | ess based on the
cmp«w&pé@%#@% spspgudes thearcin, epd HiePXihyingG@pRe REcsent 1n an ‘amount of

0.001 g,éls/? ,P(J %ﬁggtg% bﬁﬁpoerpt(ﬂ@ QVCtl 'oF H{c]-: llcgll"ﬂ&J cérﬁ)er GhdPsl R{@ﬁ%ﬁﬂ@ﬁﬁ dissolved

er mranganate s IS prese
or suspénoled thepéinParfdlid sﬁ\lbct&’d fion2thd gnduplbdnastog ofihydregenepaybxide, oxone,

ammogl{}g% g%&Jlé% %?ql;?gq %i%]%(r)l z?cir:si }O(ﬁﬁ?n%edsqq gsg g]il({ i S%%e\{*ggf cln a third
embocﬁgﬁﬁpﬁﬁé 6)95‘12 ng BEhti8 ptQettf af URDUHRS 0. O@f‘a't 64 td 0.5 wt.% based on the

di n ast a portion of the silicon carbide of
weight bfths llnlqutdr camertand poy icempohentsdissilvet & supgmded thinein, and is selected
nventi on .al so?ér ovi des a.

from () TR0 PP PN a1 1< BTG R PUTheiiRf cfp @ fourth

embo&lﬁ‘khp th TRV SB 2 Urhiha @AM ATbienD irfarSRSHHt B S WO 116 BPsed on the
| éast one |ayer of single crystal silicon carbide

welghmpf the diquideqarmerl anri@nh apnpanentpdissayadporsuapraded theein, and the
ox1dlzért%n%§ﬁglg & S%a{lﬁl an, amq) ngof‘: & b()i W% \(ﬂqé 5% "/a%rﬁée% the welght of the

qU|d carrier,

liquldicﬁnﬁehﬁ@h@}dcdrﬁ@fﬁehfs&h@bméﬂ o@@ﬁ@bﬁddd‘t@eﬁfn ahd s srwccted from the group
titania, ceria, and zirconia, and wherein the abrasivy

consisfisg of BEATAEC PRTaKICaXPHE BRMGNWM GRFGHM PHEsLe, P edlem PeRdic acid,
1odate\§\feﬂeggﬁtlfapef S, é}ggmlafeg,l'ﬂegm&t?éaﬁlbég, lﬂ%a@g,yperbromates, ferrates, perrhenates,

perruthenates, and mixtures thereof. In a fifth embodiment, the abrasive is alumina, titania,
ceria, or zirconia, and is present in an amount of 3 wt.% or less based on the weight of the liquid
carrier and any components dissolved or suspended therein, and the oxidizing agent is a
permanganate salt, wherein the permanganate salt is present in an amount of 0.001 wt.% to 2.5
wt.% based on the weight of the liquid carrier and any components dissolved or suspended
therein. In a sixth embodiment, the abrasive is alumina, titania, ceria, or zirconia, and is present
in an amount of 3 wt.% or less based on the weight of the liquid carrier and any components
dissolved or suspended therein, and the oxidizing agent is periodic acid, wherein the periodic
acid is present in an amount of 0.001 wt.% to 1 wt.% based on the weight of the liquid carrier
and any components dissolved or suspended therein.

[0013] The substrate to be polished using the method of the invention can be any suitable

substrate which comprises at least one layer of silicon carbide. Suitable substrates include, but
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[0016] The polishing pad can have any suitable configuration. For example, the polishing

pad can be circular and, when in use, typically will have a rotational motion about an axis
perpendicular to the plane defined by the surface of the pad. The polishing pad can be
cylindrical, the surface of which acts as the polishing surface, and, when in use, typically will
have a rotational motion about the central axis of the cylinder. The polishing pad can be in the
form of an endless belt, which, when in use, typically will have a linear motion with respect to
the cutting edge being polished. The polishing pad can have any suitable shape and, when in
use, have a reciprocating or orbital motion along a plane or a semicircle. Many other variations
will be readily apparent to the skilled artisan.

[0017] The polishing composition comprises an abrasive, which desirably is suspended in

the liquid carrier (e.g., water). The abrasive typically is in particulate form. Any suitable
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eIe tric, (1L e
tltamﬁ]pg.mg e %%P((we 29) qlgt\éf?lgilginc?e {&ec oﬁ&%%%l?%fei él}:et srubstantlal by dspherlcal
silicalVBlgiAfhd, @efig 2t onidgnhdstithnia tpﬂrtib&.rslvad Baeaum sangd meticle size of 10 nm or
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200 riny pekesofe. £y V& @h os 1¢ss,Clirmes pr mn6ﬁa1m ogless, 4 50wm or less, 130 nm or

di stinct set of el
less, L rorgqss or 1%0 n?n %g Iess nIACcc rrdo lg)gﬁ € subsg] ltPa/llly spherlclal silica, alumina,

ceria, zirconia, and titania particles can have an average particle size of 40 nm to 130 nm (e.g.,
45 nm to 125 nm, 50 nm to 120 nm, 55 nm to 115 nm, or 60 nm to 110 nm). The particle size of
a particle is the diameter of the smallest sphere that encompasses the particle.

[0019] Any suitable amount of abrasive can be present in the polishing composition.
Typically, 0.01 wt.% or more (e.g., 0.05 wt.% or more) abrasive will be present in the polishing
composition. More typically, 0.1 wt.% or more (e.g., 1 wt.% or more, 5 wt.% or more, 7 wt.%
or more, 10 wt.% or more, or 12 wt.% or more) abrasive will be present in the polishing
composition. The amount of abrasive in the polishing composition typically will be 50 wt.% or
less, more typically will be 40 wt.% or less (e.g., 15 wt.% or less, 10 wt.% or less, 5 wt.% or

less, 3 wt.% or less, 1 wt.% or less, 0.6 wt.% or less, or 0.3 wt.% or less). Accordingly, the



t hese pol ytypes, however, can be reproduced in a form
acceptabl e for use as sem conductors. Such pol ytypes
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non-cubic (e.g., 4H silicon carbide, 6H silicon
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additivaglty eyt fabd of ﬁﬁtabmﬁu}bb’ﬂrﬂy kd H)dlpdlisded (eny.| planarized). The liquid carrier
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(0021 bl ings aa CRRROHEOR Gbas AN P a2t Vighgan be any suitabl
ox1dlzﬁ‘%r%§gtvi%r B ﬁllo?esma‘!ét}r ggf{?@g KBbi¥fe Pcpi)é ﬁ&lﬁéﬂgd R@ﬁllsthe ﬁolishing

e pads aV|nga particles affixed
compgsttians Hirefgrably, ftbn';emdfzmg'l&gepoismslhctng fq@adth@;gromycwfslsamg of hydrogen
dhesi ve, binder, ceranmer, resjn, or. the

perox o b B RET A TG % R STES: BT e chlorates

chromQ@L iR Rats %oﬁﬁtetsopffrﬁ’lroma@é& fe'i‘lta%rﬁérrlﬂ:%ﬁies Qerfulligenates, and
pol’i'shi ng pad, such as, for exanple fibrous batt

mixtutespreegpfatléd peindnganatad rpago@eteemﬂaaerﬁuﬂfgtep @my be enypereodate, iodate,
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potassfudi pBfodatd, petiadic ABd, amidRiunm pbt%@l,faté,)ﬁlit@s@iuhy p@'ifsdlﬂfatb atgotassium
a rotational notion about an axis perpendicular to the

permapgm@e ddpratdiembly.ribe exidizaggagent tsr@opgd)otapﬁ@npmrplélﬁqtﬁg)otass1um
permaﬁ%zglag gpr bﬁn ﬁc%é é{}?; g@gloxldugﬁg 3 nft @ﬁlebeoére%}{t ?Ibtlggfo%sﬁ'ﬁig composition

in anywuitéblh ameust. 'Dipadalignele potithing c@hpw:ltl(blha)rﬁﬁmﬂes @lO(wa’s% or more
of theo cylinder. The polishing pad can be in_ the for
(e8> GPORNL Enen BeES, BT W mrémprev%g%wt o efsmore, pPdartp Qmere)

ox1dlzﬁ‘%vaegeﬁ‘t. lTH%%thR&'cgﬂlpWEl'ﬁBn 'i)?e?fpﬁﬁfy ctoﬁlpnses 20 wt.% or less (e.g., 15 wt.%
or less, 10 wt.% or less, 5 wt.% or less, 2.5 wt.% or less, 2 wt.% or less, 1 wt.% or less, or 0.5
wt.% or less) oxidizing agent. Preferably, the polishing composition comprises 0.001 wt.% to
20 wt.% (e.g., 0.001 wt.% to 15 wt.%, 0.001 wt.% to 2.5 wt.%, 0.005 wt.% to 10 wt.%, 0.01
wt.% to 5 wt.%, 0.05 wt.% to 2 wt.%, or 0.1 wt.% to 0.5 wt.%) oxidizing agent. More
preferably, the polishing composition comprises 0.001 wt.% to 0.05 wt.%, 0.001 wt.% to 0.1
wt.%, 0.001 wt.% to 0.5 wt.%, or 0.001 wt.% to 2 wt.% oxidizing agent.

[0022] The polishing composition, specifically the liquid carrier with any components
dissolved or suspended therein, can have any suitable pH. The actual pH of the polishing .
composition will depend, in part, on the type of substrate being polished. The polishing
composition can have a pH of 11 or less (e.g., 9 or less, 7 or less, 6 or less, 5 or less, 4 or less, 3

or less, or 2 or less). The polishing composition can have a pH of 1 or more (e.g., 2 or more, 3
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apparent to the skilled arti sé&n. [0017] The polishing
or menhos Mok 6 arangie; § esmare, abP @z imase). WHieqHH ges be, bt gxapeple, from 1 to

d i he, i guid i , .
1 SRR D RbER7 1 Bk S3h0, Fon Eb o o Mom 3 09)
[0023Vi t aAtHegAb6 B VB liSiaRg BempSHiion daRHe Rhievdd ahd/af Raitdihed by any

~known in the art. Preferably, the abrasive_ conprises,
suitablgma¢ans.s Miase eprdi figally, G polishing pempesition caarther aspprise a pH

: tal 10Xi . .Ih X |.-a ) C . :
adi i, B i oL, P P, R P it Gl omprise, consist
esserlfRUNSS] ot.cofisibt cfany tsiiitébé pH-adjustiagicampoand. OFsrettample, the pH adjustor

products thereof, and_conbi nations thereof. [00189 In
can heanyiseiiable acidpwichiss 48 inASSHBHPE ML @Iganic Ghig, of gombination thereof. For
exa.rxgﬁeﬁﬁl% écfi‘(ll Fé’n Qé nit® ai@N¥he Pﬁ b%fffeﬁﬂg %Fé}ﬁtc Ibla)ényS’ Qﬁﬁfb‘l&@ﬁffering agent,
ITica, alumna, ceria, zfrconia, of titana.

for eSathsle astosphdtys, aphates, batatas, bulfimates, crboxyl@és ané thet likeasThe polishing

col|oidal silica by those of ordinary skill in .
compgSIOnISABFRRABSS X a8 Gt Pht Pl Adfsiatiangior R Bufyring agent,

provided Shdd 4 i@{ufﬁ&@ﬁﬁe%@ iie(?@iirﬂf?l)lyrﬁgﬁlitaqﬁ thexdesiré@pHWTtEd polishing
I's prepared using the sol-gel process.
compigsitbane.gt, wothip dleymrgeds zetdfosthlhiesan.par t i cl es typically

AR L G REEERIE e ERUR A, ——

form-If @l ZarCRR, R 2O R aitAEchlt. FRUIRXASR! Eortady cOMPERH ¥ Dk $ea@bnts may
hi gh purity "al koxysil anes, or by acidification of

perfeampueotsshan dnecinetierp| Kariesamplessarhe etmpeungds cpa furicgipadoth as a
an be prepared..i.n accordance with U S. Patent
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[0026] he polishing composition can comprise an antifoaming agent. The antifoaming
agent can be any suitable anti-foaming agent. Suitable antifoaming agents include, but are not
limited to, silicon-based and acetylenic diol-based antifoaming agents. The amount of anti-
foaming agent in the polishing composition typically is 10 ppm to 140 ppm.
[0027] The polishing composition can comprise a biocide. The biocide can be any suitable
biocide, for example, an isothiazolinone biocide. The amount of biocide in the polishing
composition typically is 1 to 50 ppm, preferably 10 to 20 ppm.
[0028] The polishing composition can be prepared by any suitable technique, many of which
are known to those skilled in the art. The polishing composition can be prepared in a batch or
continuous process. Generally, the polishing composition can be prepared by combining the

components thereof in any order. The term “component” as used herein includes individual



silica, alumna, ceria, zirconia, and titani a
particles can have an average particle size of 10 nm
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conmposition e anount abrasive in the polishing
compbmﬂmsm thedirst;, yqwiond) dryothwrlcbnikameﬁﬂ)toﬂave/drfferemsﬂi valpes or alternatively

to nay i el . et cqna ity ey ol bomnghenlsgf iiagishing
comsziMon %R be bedily dr @nﬂ\ﬁel @bllé&ie?ara@é’ly Brodn ¥dch®6tRér and can be

| ess). Accordingly, t eanDunt brasive in the
comtpudd, sigi. by tboepbusdri shorityabefbee e e. gy tweeB®rigss @rioa tajuse, 1 day or less

pnor\%) {lge/%, &g){la{) ags¥%n%;\gt \}d%/e,g} Igfj)lu% O/e(sge/g){q%r‘ tgéJOSCV\(A):I‘);/n’Ith tg gr less prior
to us@ount of abrasive in the poI i shing conposition al so .

can be 0.01 wt.%to 3 w.%(e.g., 0.05 m.%to 1 w.%,
[003H 0 Tj_le @phs}@mg) cqmgo.wtlom/&lso F@g@q)}TroNQefi @8 p@og%@rn,tra@wh@h 1s intended to

be le.l? géljogégtte%&lﬁt ?Pﬁ%%& @lujng 1%r tB 1§ 2 ﬂﬁ'gv e%\g)dlment the

any op i on t'ives e sur Bice 0% sui

polishinpSbmpbsitib® cOcepthiesiat dofmPrige a liphidrarriez and opt'i'dslellly other
[iquid carrier can be ang sui table liquid,
COmPOFERLS ammttﬁ SeRnigat g dilgtantrd|the %@cgnﬁatﬁé‘tlmppmpﬂate amount

o e Eholnp ROV S B BRfting eomppydioyjn an amount
withiRrtled gppadypriate tange réaied dbowar for eachommmyponsats ,For eramples each component
canb, gﬁ%ﬁh@ggﬁ%&q@feng&e ?r? Qr? IE).I?I‘(:)LSlnt(HlatVySaE ?irrriesrpe).r 3pt£ne1£:se r4% é/s or 5 times)
greater than the concentration recited above for each component in the polishing composition so
that, when the concentrate is diluted with an appropriate volume of liquid carrier (e.g., an equal
volume of liquid carrier, 2 equal volumes of liquid carrier, 3 equal volumes of liquid carrier, or 4
equal volumes of liquid carrier, respectively), each component will be present in the polishing
composition in an amount within the ranges set forth above for each component. Furthermore,
as will be understood by those of ordinary skill in the art, the concentrate can contain an .
appropriate fraction of the liquid carrier present in the final polishing composition in order to

ensure that the other components of the polishing composition are at least partially or fully

dissolved or suspended in the concentrate.



[0021] The polishing conposition conprises an
oxi di zi ng agent, which can be any suitabl e oxidi zi ng
wa@o@atiifoor one or nore materials of the substre@BEUS2909@01326
pol i shed with the polishing conmposition. Preferably,
the oxidizing agent is sel ectl@d from the group
[0032¢ onsTls inwgntife thetliod g€ polfsbingd sidstraiz dpartiowatyiswited for use in

COIl_]UB(ﬁ ogtjvgllglglgtc %thir%a (rékléa%? aip%}é s ) apgneraﬁ:gl f’fl§fp(31§ally, the apparatus
compR§sRr f1aeh 8fhich A& @Suse A8 i ﬁh@’ﬁéﬁ gid hiﬁ f/élb&iﬁ_}ﬂﬁhhﬁ‘&sulﬁﬂﬁlom orbital,
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relatiRabitidaireace PE fheqﬁih@hl&lg Ipdd a?HHp@lhshng@ﬂ’ thekiisshate takes place by the
pot assi um per sul fate, pot assi um per manqanat e.

substrgedieitaplpged ifisenes mﬂz th?gméag@ﬁg prd agd Hisepo ﬁbtnsscgmmﬁltlon (which
sencr 81 b ROLIEAL UILRRSCRORAO RN o RS WALy ltingpo

movirgORROISE té the substeity, s& las tcﬂkﬂr@de&[‘tﬂmt a poitipinadlthe subtstrate to polish the
pol i shing conposition conprises 0.001 wt.% or nore
substrge: g. . 0.005 wt.%or nore, 0.01 wt.%or nore, 0.05

[0033% @9{1ra , he }%hsﬂrné e\P{B Gl s g%éﬁﬂmgd(b§! h?dnﬁgnﬁgﬁ{btwelght of the

I’'ng ‘conpoSiti n preferably conprises 20 wt
silicom barb&&ssu()ﬁraj]e, ,whli&l ustuséd tr cdngsee tlibmmmm%rbucom eab;deEremoved from the
% or | ess .%or less, 1 m.%

SubStrSFe I%@L‘ teq l%eﬂs%‘wf% 16‘?°"f‘b‘§‘stfl 65[1 d| zi ng agent.

[0034Fr ef }ec')'l?slﬂir%%- refeﬁ‘@topcﬁla kéﬂbm OPW&? h&)bﬁfth‘rf&@é tcpp(qpsia the surface.
W . %to 15 w. .

Pohsmng %rt loe Izer&mmed% pﬂ)v(i):&& wfa% hwvm@ reguced s@fm Wghmss:by removing
0t.0, 2

gougeax?ra e§’| ;mj %rgde 11 R/bl?ué pawg}lgg 315{) can %fh%erﬁ%rmeg to " 11?frc\)/\c'1tuce/%r restore a

surfacePEBRet 'cﬁﬁa@t@ﬂ@éd $ean Qlt&%btl%o fa@ailsegments. % 0. 001
%é%)tgyo % 0.001 wt. %tog e@§/})0r0001

[0035t . WIluq;mzthmi W&@(linwfﬁl%g?aa@é fged l[omwlzyl arfy guigblg eibstigie comprising
at least 8%28 t | P mgcosrp & (ffald C%h!: Xﬂfc&? c%’bgﬂt %@rrérlng{led’\ﬁt %y@ﬂﬂable rate to

'SSO suspen erein, can h

effectaYisisiti bﬁﬂie%ubé‘ﬂraté’ hEor&ﬁ(hm@le piticoi ciubﬁiepﬁhlb@l‘remgved at arate of 5
conposition wll depend, in part, on_the type of

nm/hrsqr5BeTe 4¢-8-» B it hpeN 11eFfed0 N 93 Eneren hamAs a5 839 Whnm/hr or more,
100 nﬁf?‘lﬂ‘éi‘%@re% | esq{m/é} fnlokegzsf h%@rlﬁo ggrg?ﬁeséaﬁ%%’re&o%d at a rate of 800
nm/hr or less (e.g., 500 nm/hr or less, 300 nm/hr or less, 250 nm/hr or less, or 200 nm/hr or less).
Accordingly, the silicon carbide can be removed from the substrate at a rate of 5 nm/hr to 1500
nm/hr (e.g., 10 nm/hr to 1000 nm/hr, 20 nm/hr to 800 nm/hr, 30 nm/hr to 500 nm/hr, 40 nm/hr to
300 nm/hr, or 50 nm/hr to 180 nm/hr). More preferably, the silicon carbide can be removed
from the substrate at a rate of 20 nm/hr to 180 nm/hr, 70 nm/hr to 180 nm/hr, 100 nm/hr to 180
nm/hr, 30 nm/hr to 2700 nm/hr, 30 nm/hr to 1000 nm/hr, 100 nm/hr to 500 nm/hr, or 200 nm/hr
to 400 nm/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.



or less, or 2 or less). The polishing conposition can
have a pH of 1 or nore (e.g., 2 or nore, 3or nore, 4
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1I (idwenti6d |y |i's 03®00% W . 90 t 0 2wt % (fprefierabl y 0.001124
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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 iodate, 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
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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 4H semi-insulating 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
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alumina
4N (invention) 7.5 wt.% seeded 3 0.5 wt.% H,0, 37
gel process alpha
alumina
40 (invention) 7.5 wt.% seeded 3 0.5 wt.% potassium 59
gel process alpha periodate
alumina
4P (invention) 7.5 wt.% seeded 3 0.5 wt.% potassium 350
gel process alpha persulfate
alumina

[0050] As is apparent from the data presented in Table 4, the silicon carbide removal rate
typically increases upon the addition of an oxidizer to the polishing composition. The
combination of seeded gel process alpha alumina with potassium persulfate was particularly

effective in increasing the removal rate of silicon carbide.




nmhr, 30 nmhr to 2700 nmhr, 30 nmhr to 1000 nm hr,
100 nm hr to 500 nm hr, or 200 nm hr to 400 nm hr.

w(Q 2®38]100he fol |l owm ng exanpl es further ill ustretEUs1969/001326
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COMDOSI ti prl“RiADE T PlchcbIRiGnafown 10 Tabl e 2
(TPAG6)
5E (invention) alpha Saint Gobain PN 350 121
7955.35
5F (invention) alpha Saint Gobain PN 800 151
7955.80

[0054] As is apparent from the data presented in Table S, use of the seeded gel process alpha
alumina resulted in a silicon carbide removal rate which was significantly larger than the rates
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.
[0056] A 4HN single crystal silicon carbide wafer was polished with five different polishing
compositions. Each of the polishing compositions contained 3 wt.% seeded gel process alpha
alumina and was adjusted to a pH of 4. Four of the polishing compositions were further
modified by the addition of potassium persulfate.
[0057] The silicon carbide removal rate (nm/hr) was determined for each polishing

composition, and the results are shown in Table 6.
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[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

[0062] As is apparent from the data presented in Table 7, although both compositions were
effective in polishing the silicon carbide wafer, the composition containing the higher
concentration of alumina achieved a higher silicon carbide polishing rate.

EXAMPLE 8
[0063] This example demonstrates the effect on the removal rate of several different types of

silicon carbide wafers by a polishing composition.



conmbi nati on of seeded gel process al pha alumna with
pot assi um persul fate was particularly effective in
wo ppaa®dNg the renoval rate of silicon carbi deCEXSNPYED1326
5 [0051] This exanple denonstrates the effect on the
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[0064]i f f dlinndiffeyqns synsh ohbinglerraysdissisopsarhidawpisrs wharerplished with a
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[00630t adbp sHicpe catbideacmovahata/as/ uawes degrmued fptpash tgpe of wafer, and
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pol1 shi'ng conpositions is indicated below in Table 5.
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resul t§ atlicoateanpide WVatsp s, | T5Bew @al[b@ﬂzﬁs&;m%ali&ate
appareht fromthe data presented in Takr@/18) use of
t he seeded—gel—process—atpha—atumra—tresyted—in—=a
silicol B E’ 4 t e-Wwhi-ch—was u!)g -
| ar ger |t han 6ﬁ‘ﬁ9m§’-i‘flﬁdat)_ﬂg‘li eved with the npositions
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he results are shown I n
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.

[0069] The silicon carbide removal rate (nm/hr) was determined for each set of polishing

conditions, and the results are shown in Table 9.



[0058] As is apparent fromthe data presented in Table
6, the silicon carbide renoval rate continued to

w0 p@pea®el as t he concentration of potassi um pePGUUSHEDE001326
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conposition, and the results are shown in Table 7.
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[0071bf STl]us evamplgdsimdastigieseths effycta)n,jbq: TeIne Y rate of silicon carbide by the

preser&ce&? érgr?tlnox[lc?lggé]alg 1!1tn 6f:n oﬁEIﬁ c51¥1§8$t181§10§fh%9{1ﬁent10n

1"con Per's
[0072pol | ARIHgenSiGRPaStitd Qﬂgl@ @ﬂ)ts&il giliogn Oarbidet wifes easipolighed with 12
process al pha al.um na and 0.03 wt . % pot assi um
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[0073] The silicon carbide removal rate (nm/hr) was determined for each polishing

composition, and the results are shown in Table 10.

TABLE 10
Polishing Composition Oxidizer Concentration Silicon Carbide
Removal Rate -
(nm/hr)
10A (invention) 0.3 wt.% potassium persulfate 280-313
10B (invention) 0.12 wt.% potassium permanganate 1682
10C (invention) 0.27 wt.% potassium chlorate 152
10D (comparative) 0.48 wt.% cerium perchlorate <10
10E (invention) 0.43 wt.% potassium chromate 492
10F (invention) 0.43 wt.% ammonium iodate 20
10G (invention) 0.25 wt.% periodic acid 694
10H (invention) 0.37 wt.% potassium bromate 236
10I (comparative) Iodine <10
10J (invention) 0.3 wt.% potassium persulfate and 473
0.12 wt.% potassium permanganate
10K (comparative) 0.37 wt.% sodium tungstate dehydrate <10
10L (comparative) 0.26 wt.% potassium molybdate <10 -

[0074] As is apparent from the data presented in Table 10, the silicon carbide removal rate

increases when the polishing composition comprises alumina particles in combination with an




TABLE 8 [0066] As is apparent fromthe data presented
in Table 8, the inventive polishing conposition was
w@bdoe/1twosuccessful Iy polish each type of siliPORUS2009/001326
carbi de wafer tested. EXAMPLE 9 [0067] This exanple
denonstrates the effect on th® renoval rate of silicon
oxidighuglaigdns sogh popotessiurg parsslfhtecpoiassiunb permnangrate. ogassigimeplorate,

di fferent polish taogl paranmeters with a polishing
potasghgi P Betsh P U BT B AP EPEP RS ot & bf pol | Shi ng

tool paraneters were usedEXAMHMIE sh a chem cal vapor

deposition (CVD) polycrystalline silicon carbide wafer

(00754 t h Taigaiampie demersmatssitha effcct omthe remeyaliratgofoyliconsagpide by the

|_..nr al ph | um .an 9 . assi um
Conc%grraggf’% g? ét,%ssé%x}%LP%{@%#%@gQ% “g'ﬁ Sﬁsﬁl}g\%ﬂ&(&% ie silicon
[0076]ar biAdsH sembviahldtiak 8irlghedrystal shiacondatgdemvads wasrpotiakdd with 11
___set of polishing conditions, and. the results are,shown
diffesent relishmgsomsmsiiogs| Bactogf the pplishipmenranasitions grnigincd & wt.% seeded

rese d.n.Table 9, the silicon carbide renoval rate
gelpfoﬁg%eagé}gaoalglgl%he pl aten rotational speed of the
[00770! | Tk RPicpadadidt fehevaoare (hariud was dserrhimedffot éeeh polishing
supstrat e agai nst the palishj nq pad were increased.
composiopy andithe Fespity prejhipynde dapled laenonst rat es the ef f ect
on the renoval rate of sil{gapgpcarbi de by the presence
of different oxidizing agents 1n the polishing

PolishangpOanpositionf t he Petesnimon. [[0072] AHH Silicon Carbide
sem -insul ati ng siPghengintst al |silicon carbi de| Behwival Rate (nm/hr)
was po[i s_hed W EBndeatdiidd g1€%Y [pol i shing conposi tions.

11A GRGdhgh) (e PoTTshimg aGonposi tijons conyained 0/6 W 701660

T1B Gyelfiond 1 ooy rhe cO02 con ot doeado, ot o1 o0 1O 4682

llc?fgm' 0HPR) oo bt erminedt for each-polishing | 1722

11D (invention) 0.18 1T a4t 1591

11E (invention) 0.2 4 1712

11F (invention) 0.3 4 1747 -

11G (invention) 0.5 4 1922

11H (invention) 1.0 4 1958

111 (invention) 1.5 4 1812

'11]J (invention) 2.5 4 1913

11K (invention) 0.14 10 164

[0078] As is apparent from the data presented in Table 11, polishing compositions
comprising potassium permanganate over a concentration range of 14 wt.% to 2.5 wt.% and at
pH of 4 resulted in a significant silicon carbide removal rate.

EXAMPLE 12
[0079] This example demonstrates the effect on the removal rate of silicon carbide by the
concentration of periodic acid and abrasive in a polishing composition and the pH of the
polishing composition.
[0080] A 4H semi-insulating single crystal silicon carbide wafer was polished with 12
different polishing compositions.
[0081] The silicon carbide removal rate (nm/hr) was determined for each polishing

composition, and the results are shown in Table 12.
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i shed
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w th

comprisi®: phrfoder a;ml opwl d ®hcergrationpargetal S, wt.% to 0 25 wt.%, and alpha-

alumina over a concentration range of 0.1 to 1.1 wt.%, at pH of 2 to 6, resulted in a significant

silicon carbide removal rate.

[0083]

EXAMPLE 13

presence of different types of abrasives in a polishing composition.

[0084]

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

A 4H semi-insulating single crystal silicon carbide wafer was polished with 7

different polishing compositions. Each of the polishing compositions contained an abrasive and

potassium permanganate, and was adjusted to a pH of 4. The type of abrasive used in each of

the polishing compositions and the amount of potassium permanganate are indicated below in

Table 13.
[0085]

composition, and the results are shown in Table 13.

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




[0081] The silicon carbide renoval rate (nnmlhr) was
determ ned for each polishing conposition, and the

w0 e®ulit®wonr e shown in Table 12. TABLE 12 [ 0082] PEWUSR09/001326
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D

13G fdRdaedve] oM the1gat a pr emeRedidan Table 18, thejuse 26

of atpha-alfum na, titania, Zirconia, and ceria
resulted in a silicon carbide renoval rate which was
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itjons nt ai L 0087
2irooR i ] EHAROH GNP PR 6 AN GE oA PR PE A EPAgy larger than
the r§té§ ARG Rt Ele c%p&ﬁﬁom&talﬁlﬂg siehi shi ng conposi ti on
and the concentration of potassium pernmanganate in the

pol i shing conposition. EXAMPLE 14

[0087] This example demonstrates the effect on the removal rate of silicon carbide by the pH
of the polishing composition and the concentration of potassium permanganate in the polishing
composition.

[0088] A 4H semi-insulating single crystal silicon carbide wafer was polished with 5
different polishing compositions. Each of the polishing compositions contained 0.6 wt. % ceria
and potassium permanganate. The pH and the amount of potassium permanganate are indicated
in Table 14, |
[0089] The silicon carbide removal rate (nm/hr) was determined for each polishing

composition, and the results are shown in Table 14.

TABLE 14
Polishing Potassium pH Silicon Carbide
Composition Permangante Removal Rate (nm/hr)
Concentration
(wt.%)
14A (invention) 0.06 2 233
14B (invention) 0.25 2 1202
14C (invention) 0.155 4 915
14D (invention) 0.06 6 690
14E (invention)) 0.25 6 1907




[0088] A 4H sem -insulating single crystal silicon
carbi de wafer was polished with 5 different polishing
weomposiodi ons. Each of the polishing conposi tiRCEUS2009/001326
contained 0.6 wt. %ceria and pot assi um per manganat e.
The pH and the anpunt of pot i um per manganate are
[009Q]ndi éan@@ppamnTémnethtdata[m@m}edﬁh d ab{) li4g the usgrobicgiaa over a pH range

of 2 ta ?r% 8 Svaflieta/ p%ﬂaas%lﬁ)epevln\%gar&g eta% acrlyél qratlg{l? Fe%ﬁﬂ%cf 91' szgllnﬁgant silicon

carbld'eﬁ%h’@vllfl{a@%] As is apparent fromthe data presented
in Table 14, the use of ceria over a pHrange of 2 to

6 at a variety of pot ass b MELFalyanat e

[0091 g?g esre%éf%\fgq r&%%&_fﬁ&?ﬁlgmf 6%@??&1{% |elsdf§§§°n carbide by the pH

and cdﬁéﬁhﬁﬁﬁd&rﬁbﬁﬁotmﬁnﬁbém@mgmté he renmoval rate of si | i con

car bi de_by the gH and concentratlon of po}a33| )
(009} er n&ﬂéﬁ@%mp oo pinglesty Sahilicongarbids Wates vyag palished with 6
dlffergflt%?&li@hm iHoRE PEAS Hahe ol%ﬁlg%%hhﬁgﬁg)nw&)ﬁ‘taﬁled 0.6 wt. %
eren |s I'ng conpositlons of

tltama) ahd Isdstam}uﬁ qmnmmgtanatas The pHaindeble @mbunttof pRiassiuanpeamanganate are
di égssn um {qﬁganate The pH and the anpunt of

indicgigd BeleMim ganate are indicated below in Table

0093}°- RO ELod BEbRIel k58021 Rh S GADYEenTREE f&rnéﬂcﬂ ))1 hi

[ 3abas getermoneﬁ ?‘grr each Qﬂgql sh |?1 onposi tion, Ib ls mg

compoei:siuh,tandahereshkbmeishoWalnh @aMEISTABLE 15 [0094] As |s

apparent fromthe data pr in Table 15, use of
titania over a pH of 2 toe’é&gf‘ﬁgsvari ety of potassium

%Ii’gﬁﬂ-%anat e Conqﬁ‘cfﬁé’sﬁfrﬁ ons [result echn a signl fi Sdfdon Carbide
édrjnf)gsﬂfbncar b| de }sé?fﬁg}{gf’;!nté ateg. EXAMPLE 16 Removal Rate (nm/hr)
Concentration
(wt.%)

15A (invention) 0.05 2 485
15B (invention) 0.45 2 1236
15C (invention) 0.05 4 289
15D (invention) 0.14 4 389
15E (invention) 0.05 6 69

15F (invention) 0.45 6 129

[0094] As is apparent from the data presented in Table 15, use of titania over a pH of 2 to 6
at a variety of potassium permanganate concentrations resulted in a significant silicon carbide
removal rate.

EXAMPLE 16
[0095] This example demonstrates the effect on the removal rate of 4HN single crystal
silicon carbide by a polishing composition.
[0096] 4HN single crystal silicon carbide wafers were polished with three polishing
composition containing seeded gel process alpha alumina and either potassium permanganate,
potassium persulfate, or periodic acid, adjusted to a pH of 4. The amount of abrasive and the
amount of oxidizing agent are indicated in Table 16.
[0097] The silicon carbide removal rate (nm/hr) was determined for each polishing

composition, and the results are shown in Table 16.




[0095] This exanpl e denonstrates the effect on the

renoval rate of 4HN single crystal silicon carbide by
w@2olili®hi ng conposition. [0096] 4HN singl e crp&L/EE2009/001326

silicon carbide wafers were polished with three

pol i shing conposition contai rf43ng seeded gel process

al pha al umi na and eit her pBABbElllﬁn per manganat e,
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16B (@ilenélahr priesentwdyd potdsstune 16, the iowentive 2055
pol i shi ng corrpo§é1tmgg,@§né4@re gbl e to successfullly

16C (ﬁ&,ﬁhﬁ nf N SOM, By CE R acffdl I"con carpj de waf ers. 698

EXAMPEE 17 [OUII] TS cxallpl e denonstrates the
stability of potassium permanganate in an accel erated

[0098]eat iARGs h}ﬁfatrerit @rosh tHel datLprebeatdticiaaraplesi 6, Itl&rhn(s)éntlve pohshlng
oxi di zi ng ents at roomtenperature. [00100]

compoitiopye @esucespslidly nokisle 4Hbi—rln&16 ﬁ@ﬁal ﬁ\hCPy Ca@#ft? wpfers.
oxi di zer of a polishing mﬁﬁj cont ai ni ng
pot assi um persul fate and a poli shi ng conposition

[0099j0Nt Thiti ex@mpid dGsdrisraRs tiengaligtef poessumgssmaaganate in an accelerated
initially and after heati ngf tp .62 C for 16 hours. The

heatingtest tosinplatedhe decqmposiinne T px1dizingagents a TgeMPMPREAYIE.

[OOI(ﬂﬁpaF[ﬁQtSlllCBI? bR gﬁ%@alﬁ"éésﬁﬁt 891&151&1\]— Ia.i?xd &f oxidizer of a polishing
pot assi um per nanganate doe$ nbt deconpdse but rather

compositibh msm:atmm paotamiﬁn petsalfate aal epalishing eampogtion containing potassium

test. CLAI t hod of chem cal |y ni cal
permppganal; eje et iy ywﬂd i %%&0?3.%}{9 ig?wtlfs) THE results are
Showﬁqgtr@glgllr-yg a substrate conprising at |east one |ayer
single crystal silicon carbide with a

chem cal - mechani cal pol i shTABLEdpositi on conpri sing:

Oxidizing Potassium Potassium Potassium Potassium
Agent Persulfate Persulfate (16 Permanganate | Permanganate (16
(initial) hours at 62° C) (initial) hours at 62° C)

Removal rate 251 164 1148 1139
(nm/hr)

pH 3.75 1.90 3.84 3.88
Conductivity 5520 11,350 1198 1185
(uS/cm)

% oxidizider 0.598 0.297 0.170 0.170

[00101] As is apparent from the data presented in Table 17, potassium permanganate does not

decompose but rather remains stable under the accelerated heating test.




(a) a liquid carrier, (b) an abrasive suspended in the
liquid carrier, wherein the abrasive is alumna and is
Wee@gentooi n an anount of 3 wt.%or |ess based PCT/UBE09/001326

wei ght of the liquid carrier, and any conponents

di ssol ved or suspended t her én, and (c) an oxidizing

agent, wherein the oxidi ZlWyMg@ent is present in an

amount of . 0. 001 wt . %1 0. L 290 b i  aae
L oot el i T p el PR 8, MR 5LERY comprises:
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[ ol cal{pi de of the substrate to

compo%grﬁ?éﬁ%@ﬂ%@éh%%? erlgdteg.ﬂ?%&n*r ed nmet hod of claim1,

Wolr ei an éAidizalyrasity e/ hesipthesaidizing agentasipres¢nt In wh agtoont of 0.001

., .l ess based on the wejght of the liquid carrier and.an
wt-% tg 8@%&%@@9&% yeghipt t_E%L%‘@H&é‘a‘_ RBY 8P CorPOoRaREs dissetved or
suspendBd {HefkiR antvidRih 'thé/\@ﬁ?ﬁh& doRRt Rx%EERE %n@ﬂﬁ%oﬁﬁ consisting of
present 1n an anmobunt of 0.1 W.%to 0.5 wt. % based on
hydrogeh@ewriidh bxafe, bimendniguicdricmmitiae, peniddatay, peogiorasd sodates,
persu e o R b 8 M e R h et
perruthéh8®6) 8 QfurskRRBAGEAdt herein has a pH of 2 to 6. 5.
The method of claim1, wherein the oxidizing agent is

(ii) \j\pﬁoﬁsg thepdishimgregarpesision gelativretorthe sdstrate, andai m 1,

ergin the.oxidizi agent 1S ri i i .

i ABFHEHE 7158 St QP 8RRy §2ofE o B S s i substate
2. I'EHEMetiofl bPBlaihe, subgid tkabakiva is pleser@fin 30 amslihy 1 tv0.% or less

based gn7 t%(e): \Ar/]erirfglllqtro'f the liquid carrier and any components dissolved or suspended therein.

3. The method of claim 1, wherein the oxidizing agent is present in an amount of 0.1 wt.%
to 0.5 wt.% based on the weight of the liquid carrier and any components dissolved or
suspended therein.

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

suspended therein has a pH of 2 to 6.

5. The method of claim 1, wherein the oxidizing agent is potassium permanganate.

6. The method of claim 1, wherein the oxidizing agent is periodic acid.

7. The method of claim 1, wherein the silicon carbide is removed from the substrate at a
rate of 30 nm/hr to 2700 nm/hr.

8. A method of chemically-mechanically polishing a substrate, which method comprises:
(1) contacting a substrate comprising at least one layer of single crystal silicon carbide with

a chemical-mechanical polishing composition comprising:
(a) a liquid carrier,
(b) an abrasive suspended in the liquid carrier, wherein the abrasive is selected from

the group consisting of alumina, titania, ceria, and zirconia, and wherein the abrasive is present



8. A nethod of chem cally-nmechanically polishing a
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in ancaaquneof 3 (Yo anleabbzssil we thuwpightietthe hiquidecarmiepuand any components
n.the .abrasive is selected fromthe

. arrier erei
dlSSO@Y%‘LﬁS SB@?‘F@GEC{ &ﬁﬁ?ll&fﬁn& umina, titania, ceria, and .
ZI {c§oni @Pelgx%g%‘z@é §d1t] v&H&?eiﬁ‘ﬂ{egfén\ﬁﬁltl ahad AR preBert/in an amount of
on

anmount o W. % or |l ess based on the weight of the .
0.001 wirbie @ Zamiti% bageddnathy weishb ofthetlisuil easaerang asyy components dissolved

Sus ed.therein, and (c) a pernanganate salt,
Orsu\s/%eé@g?ﬁle{%%’ per manganate salt is present in an anount

(i) of mOviA@th&pol¥hirg cdnipostictoront e€tome stilsstraed, ghd  of t he
_liquid carrier and any conponents di ssol ve
(ii1) su&ﬁ@hﬂ P

. get kepd ra@o,ﬁt?ior( the gdigpn garbrle qfdhg gmsg@t.(e).rtc.) polish the substrate.
9. COPROSELIADs rcﬁlilﬁtg, Wheld? Méeabrc'#%tlg BI‘e% nt3f an@uhtaf 1 wt.% or less based
g at | east aporrtllono th SIFI Ide o

abradin e con car

on theeeightlo$ theali giid Garpiet shartyheniponshts disolved off hspordddatierein.
rein the abrasive is present in anount

of claim8, whe
10. of The gethord of claga s, phgesen B PRSIV gIIBY t he | qui d

Caffid ' )
. &0 t
1 t helﬁéell%%t.h%%).f@%% ﬁeq?%%%pg% I%Fg?%%%v?ﬁrérl e n?e?ﬁgx%’n amount of amoun
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12. thepd Iingﬂﬁ'gg oF RI2irh & WARFLI R 1GRIPORAEE With bRy 8bMBEh s dissolved or
suspended therein. 12. The nethod of claim 8, wherein

susp¢rided khegeindhasapHi &2 toiG.h any conponents di ssol ved or

suspende erein, has .a pH of to 6. .13. A nethod.of —
13. 33t ot Seenetbcarrg-Raly enfistie s sunbayBRn R R comprises:
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(b) an abrasive suspended in the liquid carrier, wherein the abrasive is selected from
the group consisting of alumina, titania, ceria, and zirconia, and wherein the abrasive is present
in an amount of 3 wt.% or less based on the weight of the liquid carrier and any components
dissolved or suspended therein, and

(c) periodic acid or periodates, wherein the periodic acid or periodiates are present in
an amount of 0.001 wt.% to 1 wt.% based on the weight of the liquid carrier and any
components dissolved or suspended therein,

(i)  moving the polishing composition relative to the substrate, and

(iv)  abrading at least a portion of the silicon carbide of the substrate to polish the substrate.
14. The method of claim 13, wherein the abrasive is present in amount of 1 wt.% or leés
based on the weight of the liquid carrier and any components dissolved or suspended therein.
15. The method of claim 13, wherein the abrasive is alumina.

16.  The method of claim 13, wherein the permanganate salt is present in an amount of
amount of 0.1 wt.% to 0.5 wt.% based on the weight of the liquid carrier and any components

dissolved or suspended therein.



(a) aliquid carrier, (b) an abrasive suspended in the
liquid carrier, wherein the abrasive is selected from
w0 b@ogrwoap consisting of alumna, titania, cerPer/Us2vd9/001326
zirconia, and wherein the abrasive is present in an
anount of 3 wt.%or |ess based on t he wei ght of the
17. | i Bheindethad of eleiradd, wherenothp baeidtosrrifir yeigh sretcasmponents dissolved or

suspended. t herei n.,, a (c) periodic acid or
SuSpeﬂgF‘?g’gé?lég?s %\Bgrore%iznto{age periodic acid or periodiates

are present in an anmount of 0.001 wt.%to 1 wt.% based
on the weight of the liquid carrier and any conponents
di ssol ved or suspended therein, (ii) noving the
pol i shing conposition relative to the substrate, and
(iv) abrading at |l east a portion of the silicon
carbide of the substrate to polish the substrate. 14.
The nethod of claim 13, wherein the abrasive is
present in amobunt of 1 wt.% or |ess based on the

wei ght of the liquid carrier and any conponents

di ssol ved or suspended therein. 15. The nethod of
claim 13, wherein the abrasive is alum na. 16. The

met hod of claim 13, wherein the permanganate salt is
present in an anmount of anmount of 0.1 wt.%to 0.5 w.%
based on the weight of the liquid carrier and any
conmponent s di ssol ved or suspended therein.1l7. The

met hod of claim 13, wherein the liquid carrier with
any conponents dissol ved or suspended therein has a pH
of 2 to 6.



