1 POLISHING COMPOSITION AND METHOD FOR HIGH SILICON NITRIDE TO SILICON OXIDE
REMOVAL RATE RATIOS FIELD OF THE INVENTION [0001]This invention pertains to a polishing
composition and a method for polishing a substrate using the same. BACKGROUND OF THE
INVENTION [0002]As a method for isolating elements of a semiconductor device, a great deal of
attention is being directed towards a shallow trench isolation (%‘(E process where a silicon nitride layer

is formed on a BEBHBUESHRMPSIRATEN tré Feh & 4B el chin BFpRdtR Ao drephy, and a
dielectric layer is deposited to filifhiedre kBt RN arationERWEIOEpth of trenches, or lines,
formed in this manner, it is typically necessary to depgsit an excess of dielectric material on top of the
substrate to ensure complete filling of gﬁ%éfeg!%%gﬁ%g%ycess dielectric material (e.g., an oxide)
is then typicéiipremotsd by erthemicalvchasicking|aprativation mécesstitekspasdithassilicon nitride
layer. Whenghgisilicempitridesayer is exposed, the largest area of the substrate exposed to the
chemical-mechanical polishing system comprises silicon nitride, which must then be polished to

achieve a highly planar and unifor@SdraBeEBhEHRIN Ip ST oracticE has been to emphasize
selectivity foppoxifle palishinglind fefeseindestolsiicon ¢itrigenpohshmg. ddws;, thersiical nitride layer has
served as a glopping kayeys dutinaiths.shemigahmeshanical planatizalionpacess:As dneoaverall
polishing rate hgs decreazed yron exposure,af fne sllican Alride. laver, Howeyer, g oxjde line widths
have become emaliter in n%mx}?%e%eraﬁon devices, in some circumstances it is 3e5|ra, e to_utilize

polishing sysfsiRb Rt sctae iy s SilEEH Ritfessoer ORLEDBRRHIRY, Gt ifhifize
defectivity initheé-pxidé tinesdolioethen thensdbistintersurface. f0pO4Tompositions anebsiethods for
planarizing Qi polishingdhesuiase oba:spbstratausiraneal kpavacidhears Bolishingeampositions
(also known ggpolishig slutes) yeisaly.conian analiasive mateypld e gy garjer and are

applied to a surfdace by contacting the surface with a polishing pad saturated wit gﬁﬁglishing

composition SHEHATRSPARIGE MATEHALTA RIS SIS Ao SERUHTBXId8Y Ay K

oxide,
zirconium oxitieoramitiitin byidds xS sRatbntiS B2723 e axbffiple cueseibeshy wisthse for
chemically-rapchaniseiyipalishingaeetahdayer yoaantast nghibie susfasenvithpalispdishing slurry
comprising @gj@epygi}ngﬂ - ﬁ%ﬁ%@lﬁ?@@%ﬂﬁfﬁi%@. apAGURQUSRGHILR. FRQlishingcompositions are
typically used in conjunctign with polishing.pads éf' ..a polishin clqth 0 dISkL?. Snlél-t I%Spohshlng
pads are deSERBRW I ELE BEdMSB G988 %! Fﬁ?"?f,?ff)%featr‘f E??fﬂéfgﬂé? WRRA S5 cIO% the use of
sintered polytrsthesaivetis iy fadi soResdng ariGpar- ke dipsiptie SBEMGXR; Brdwia! patent
5,489,233, whighidiselogesdhe usthobsalill palidhingpatsshavingal spdacetextureiohpattern. Instead
of or in additipp4o-ReiRg ﬁﬂépef@&iﬁ@biﬂ thes2Ralishingmompesitiomheanrasivematesialismay be
incorporatedintg fhe polishing bad. U.S. Ratent 2,298,4 disslases & lxad abiasivepaliaging pad.
[OOOS]Severai3 chemica -mechanical polishing compositions for su%%trggte_s c_ontalnlng _

for silicon nitride over oxide polishing, in order to minimize defectivity in the oxade lines

formed on the substrate surface. ‘

[0004] Compositions and methods for planarizing or polishing the surface of a substrate

are well known in the art. Polishing compositions (also known as polishing slurries}

typically contain an abrasive material in a liquid carrier and are applied to a surface by

contacting the surface with a polishing pad saturated with the polishing composttion.

Typical abrasive materials include silicon dioxide, cerium oxide, aluminum oxide,

zirconium oxide, and tin oxide. U.S. Patent 5,527,423, for example, describes amethod for

chemically-mechanically polishing a metal layer by contacting the surface with a polishing

shurry comprising high punty fine metal oxide particles in an aqueoué medium. Polishing

compositions are typically used in comjunction with polishing pads (e.g., a polishing cloth or

disk). Suitable polishing pads are described in U.S. Patents 6,062,968, 6,1 17,000, and

6,126,532, which disclose the use of sintered polyurethane polishing pads having an open-

celled porous network, and U.S. Patent 5,489,233, which discloses the use of solid polishing

pads having a surface texture or pattern. Instead of or in addition to being suspended in the



low dielectric constant materials (e.g., oxide) are known. For example, U.S. Patent 6,043,155
discloses a cerium oxide-based slurry for inorganic and organic insulating films, having selectivity for
silicon dioxide versus silicon nitride polishing. U.S. Patent Application Publication 2002/0168857 Al
discloses a method for manufacturing a semiconductdr device in which silicon dioxide is deposited on
a silicon nitride film patterned with, trenches, and atwo- e ical- | g%lliﬁnj_ng process is
then performé’alfﬂl‘ﬁ‘éléﬁl@%ﬂ}*%m%Sea%\a}gﬁe i%latgﬂal%gﬁ? aasig%_?é%, t %Jw%ega\%}hggﬂqni%kg%s iled with silicon
dioxide. Thusptﬁe?étqlérﬁaﬁ%@“néé‘ﬁl‘i’ﬁ%éﬁg&bﬁﬁﬁ%ﬁiﬁlﬁﬁﬂgﬁ@ itions and methods having the
reverse selectiyity; for petishing-efisiicosnitrics gesictingexying dielediicebiipehepts 109061 The
invention provides: such a.composition and:-methad: Theseand othexatyantagestekthe invention, as

Il dditional | tive feat il b o} the, | ided
horcin, BRIER SOMMARPOE THETRUERIR (000 T1Re ieont Heate e

Y sl _ The %%se%t isclogure provides a
chemical-medhaiieas BoiIsni g CHRePR SIS C SHBRs Y 8) A eAt A Arasive; %6? a cationic polymer
selected from Ahglgaaupadlisistng26Rp0s85HN loBe lpprn oRaleeti&nicRBHFSHBITMAr, (2) 0.1 ppm to
50 ppm of a calignic GRRPINMISE CRMRATISIRG: sl east idsdcatiotiednanorianandaddgdst one nonionic
monomer, wherein (he 3 leashene cRUGns ;anamen amRUses ol ianSH ek thereationic

1 pp Y

copolymer on&'Rofar basis. and’(3). m to‘ZOO?’E)é);C)rp1 qf a.catipnic, copolymer, comprising at least

one cationic neHeRREt Brig sEIEALGHE o B SHEITEF Viifiérein the at feast.one cationic monomer
comprises 50%iosd et b thhospiilyrmenaing amsksr beibis 2eier o) irer CHPRIEPIREMblishing
composition has@.RH:8fil; AR dasserhedrasent disqlosiiinfusthiicprovidis avrrethdet g
chemically-me(ﬁ:g@C iccacl:l(}/ n#gggaing a substrate comprising (i) contacting a substrate with a polishing
pad and a chemical-mec a_nlcaﬁ'polishin, composition comgrisir&gﬁge%g cai%i]g)er&l;iﬂcag1 ragiyve, (b) a cationic
polymer selectétPfiom tH FFEUP SRS S8 L7 SO 1 50 ppm of a cationic homopolymer, (2)
0.1 ppm to 50:ppmiatea citionivaivolysnaeborn ARRTal RERIIERERRIEh & T TR BRI R least one
nonionic mongrRekswhekein the atlersinpedatibnieeronomer comprises more than 50% of the
cationic copolymer on a molar basis; and (3) 0.1 ppm to 200 ppm of ionic copolymer comprising
at least one cationic monomer and%?i@géig'}Wn%%OQE m&&\éﬁﬁéﬁm the at least one cationic
monomer compiisgs 50%hopiasstafiibiecopelywideon duentlal-beskarnd (o] wder corpsUmy the
pholisfg)ing pad g%lgg;{g;)}g %d%_g@ﬁrélltﬁoyxgkhegh@,)ae%%me@omehmmq?gmﬂhg g;umiggngl "
therebetween, and (ili) abrading at least : strat i straleo aJin
one aspect, th%%él?sg]&r If(‘.iteod‘%gﬁ?e %ES%@%%S%?@%&%%@QWEE@SN% gl.)s%g%srtxrlg %m\évﬁich :
method comprigBely Ry CoREEtRY & LSRR ERA S PORSRIRG Bad and a chemical-mechanical
polishing compasitionicosm prsinge E@tiardatiomen s SSEIH) RUaHATCPEIYHEE LER%YSd from the
group consisting,gf - ARLOid RRE tarab@yinS0pppm ol G gationic ketvopobppwy@) about 0.1 ppm
to about 50 ppm of a.cationic copolymer. COMRANSING. A4 l9ashOBR.GRIARIE MeRGME! abeat iBast one
nonionic monomeP, wlign%reln the at least one cation; gonpmer.com ri moge Ihan 28%e.of the
cationic copoly#niEbrra FAaIHRSI BRI (3)FA S%Su#é.f Ppim to about 200 ppm of a cationic copolymer
comprising at leastienevbatiorie nvbsiinssranesiiorbat Hpd plonfo it MBnBiver! diFesis HENST least
one cationic meaeRIeRGaMESeScheXmalessdbtie iy polishaonsabriolar dwawissaadi{c) water,
wherein the polishing, %@Mﬁ%@%ﬁ%‘%&ﬂh@ﬁ%ﬂ%@&l%ﬁ Ipsmidi)-meving-tne-pidiishing pad relative to
the substrate with the chemical-mech nical polishing comnosition th roqgﬁte\ygg@m@@qr@])@prading at
least a portion Wﬂ@@ﬁﬂ&%&“ﬁoﬁ@ﬁﬁ%‘e‘ substrate. DETAILED DE’S RlPTégN OF THE .
INVENTION [0B0@]Fhesisinantibfl bovics 8 cRamie Al et i B RRiFRG cihpo Si8n t3mprising
(a) a cationic ahasive cfapdacasionicrpolymerigng. shimropolyraterer BEPOYIRENd ahiF(E) Water. The
polishing compgsition desirably alleyus ek seleativentemavakahsilicen adrigeses prefetbrcédo silicon
dioxide during planarization qf substrates iSi W iri i)j digxide. [0003]The
polishing com %ﬁ?&’ﬂ%%?ﬁﬁ??g&ma %%ﬁé?ﬂ?ga%\rg%s%v%gdz&é%%%r%%qggégﬁlgyﬁ?ge.conte>§)tn%gn the
invention, comprhebesh FAEHE i &2 ARM G5 PSR SUffalE éharge Atthe pH of the polishing
composition. Thiestitf dceat asgersf ariahrasivepartriaeary APy oiepHe AlaesopabRTaiohic
abrasive is a cglignisnetal Oxse abraglyendPtefetiabhylitiéngatidnidametabokide sdrasivetishselected
from the group consisting of ceria, alumina, zirconia, titania, doped silica, and mixtures thereof. More
preferably, the abrasive is eerie or zirconia. Most preferably, the abrasive is ceria.




[0004]The cationic metal oxide abrasive can be produced by any suitable process. Suitable processes
for producing cationic metal oxide abrasive partiéles useful in the context of the invention include
pyrogenic and hydrothermal processes. Fumed metal oxides cart be ,roduce&&om volatile precursors
eq. mefa{%ﬁay%%)eﬁ#‘%vW}dgféfﬁ%%%@ggwlﬁydmﬁfgkeaﬁ%r dtion BF greciitcts in a high
temperatygtflanaedid sabs it 2 GhidRiNdapLeduce the metal oxide of interest. Fumed metal oxides
can be prepared from nonvolatile precursors by dissolving or dispersing the precursor. in a suitable
solvent stk ﬂoéélwater,Iﬂlc‘ﬁ‘r?oﬁ%?%fci&“—ffﬁs@d%gwgsﬁi Fha'shoticH (f(}?ﬁfﬁlﬁ‘?ﬂ‘%"m‘édﬂ?@%}%r can be
sprayed iptoighhigh temperatuig dameatusingramiapletigensraiongand themetahoxidé ganthen be

collected. T picadl droplet %%r%“erqt‘ rs inclludel.,hg-ﬂuid atomizers, high-press(g‘re ray nozzles, and
ultrasonic’aforfizers. “38TH00B] THE Cafioric TRetat oxideraliadive eg}?rﬁ%na”dcgégc? SHift"¥6r example,
alumina- dopedsilicaz Aluminasdbped siticasdlecgenbealh preparediby af ¢oifeiming propess in which
mixtures (%(f) %ikl)i&%nst@tra%h!ﬁrgjga 1%% iglw(pirg}ug]vg_ggb%rici?aégosgtﬁjqcted t(gava.{%)rt %ase h%glré)lysis, thus
forming composite pgr%cles comprising alumirium oxide and silicoh"dioxide. ene%@, silica particles
have a negditive; oprtiomc courfacenehiriyesiatiz pHiaboverthecisoelettric pomtoof thengilica partices

(e.9., PH 3,3.0n.higher), fhepresence 9&@&9@9{&%&3&%@%@% rs@' side (g gsolutpipyum oxide)

renders the doped silica particles cationic. Desirably, 0.01 wt.% or more (e.g., 0.2 wt.% or more, or 0.3

Wt.% or MTEHEONGT SEEEHREN RBtdl BYIHE iapresenst (PihebasbEd siliva partiies 2PPehsraty, 2 wt.% or
less (e.9..ck:\t- % 81esS: Anl WL ess) ofa secand metakerideds.presentindhs deped silica 4

particles. Examples of alumina-dopea silicas are the MOX 80 and MOX 179 products (both containing
1% alumif)"aVHTaptd freith DegtisEasiouteAYGibtediapBIsT the eatitiic Hietdl dxideabfasive can be

produced @ eF othermakpPiRces s @ hydrathenesliRrecess & meta)sabkie-8. ha nitrte) having
the same oxidation_level as the desired metal oxide is dissolved in water, treated with a base (e.qg.,
ammoniu® RAREXOET, 5t stbjeReya S LEnaRIBHEF SRS A tmSe FAuFBOSAA S ragEu i8S The
hydrotheratahprocassliesiuhs polbkicorersivniofthaeraetahsal, intd the casrespondingsnatal oxide.
[0007]Alterngtive(l)¥,t m%tatlll stal% haviing &llowgrto%idation level than the desired metal oxide can be
used in ccijrﬁuho&ion with' asnmilf»";’éicﬁi?ﬁglsageﬁtg in Sélrﬁfil‘drothermal process. For example, U.S. Patent
5,389,352 discloses a progggs A9t BreRREeReeHmNONie g rhichy prosrss comprises forming an
agueous ion c rised .of a water-soluble trivalent cerium salt and an oxidizing agent, and then
aging the?é?é% ion QISQ é) H&"ﬁ%‘&‘%%%%’é’ lfgcrsaat?r%leg}l (fl?’#fﬁﬁc\c/:v Bféca'ﬁféoﬁ%%ﬁg Ce r(fiﬁ%ogalt is oxidized to

cerium oXEBTFATNEI68. $0008TD GPRAEc S BrigintP E SOLTRE Feta"STIPRANBE Q8 ded to the first metal
salt duringadiydrsihenrhab processite prosuce eougpet rmetedickitedontaimingtbiersecond metal

compoung..Prefered depaniaare selecisd fromithsnarounicansistipa-ofnichkel «cesitrwanganese,

iron, aluminum chror.?lumh%@ | zine. @pé@gf@b&g amount of the second metal salt can be added to the

first metalcggjl?%sﬁ%r% j the execution of a. rother_mal process. If a dopant is desired, typically 1 ppm
or more (é44%°10 pp;?ﬂ

COPIHTIBE SPBBBIH of PRSP STEA OB BIShiCor MBSt RES P Entcan be
added to the firsemetithsattvauting ahydiothebrasivprectisks:s Prefegabiys LOB0OTHsMCOrTESS (e.g., 5000
ppm or legg, gt LOGQ: f@@ﬂé%@&ﬁ%f@%. PR Qiess) vhacopanteasibenddedde theyfirst metal salt

during & h\xagogtﬁergga DI9sesaa [0 The cationis ahrasive naticles desiraplyhays apaverage

particle size (typic average particle diameter of the smallest spheres encaompassing the particles)

of at Ieastcfwwg%%@?é‘. 2516 {5 i%%eﬁrﬁ?%%é?eg%ﬁ&cﬂ‘f@ ShEPartitil'fave an average
particle sizecohBOtinwar dmprédag., B0 @iBTOERIcoEy &PBONEIBEY Nt Marapréferibly, the
abrasive paiigleshavaanverage, pastitiedizeiotd@00 nm or less (e.g., 800 nm or less, or 500 am or
less, or ev[%ﬂ{)%)o nmh%rclﬁ%%)m meial oxide abrasive can be produced by any suitable process.

Suitable processes for producing cationic metal oxide abrasive particles nseful in the

context of the invention inciude pyrogenic and hydrothermal processes. Fumed metal

oxides can be produced from volatile precursors (e.g., metal halides) in a pyrogenic process

by hydrolysis and/or oxidation of the precursors in a high temperature flame (H./air or

H,/CH /air) to produce the metal oxide of interest. Fumed metal oxides can be prepared

from nonvolatile precursors by dissolving or daspersing the precursor in a suitable solvent

such as water, alcohol, or acid-based solvent. The solution containing the precursor can be

sprayed into a high temperature flame using a droplet generator, and the metal oxide can

then be collected. Typical droplet generators include bi-fluid atomizers, high-pressure spray

nozzles, and ultrasonic atornizers.



[0010]The cationic abrasive can be present in the polishing composition in any suitable amount. The
amount of cationic abrasive present in the polishing composition typically is 0.001 wt.% or more (e.g.,
,0.005 wt.% or more, or 0.01 wt.% or more) based ®n the weight of the liquid carrier and any
components dissolved or suspended therein. The amount of cationic abrasive present in the polishing
composition preferably is 5 wt.% or less (e.g., 2 wt.% or less, or 1 wt.% or less) based on the weight of
the liquid carrier and any 5 components dissolved or suspended therein. More preferably, the amount
of cationic E¥f#Sive Jreserttdmdimesipdlistiaglooripositior i S wiliys.téol owtrdpl00Uh]The abrasive
desirably isispspaneedinthepelishinglcempesilionamerespaciticalls imtheyatergamponent of the
polishing composifian-hen e aasivads suanandedih el shing,somRostion, e abrastve

preferably is colloidally stable, The term colloid refers to the suspension of abrasiv pfrtlcles in the
liquid carri&Y%ﬂﬁm§¥§§BTW%@@?SIEﬁé’%g}ﬁtqeﬁ%?ﬁ%%ﬁﬁm%H%‘i‘é)%aaﬁ}é‘i‘l'tﬁ‘ﬁb. In the context
of this inveftigiicar(sbrasivesis corsigere dasl bR stableificwhesrthecatirasivetis pthced into a 100
ml graduatetbeyline ernardmat puiedddstadiic-upagitated form timeothaursithe-diferencebetween
the Concenﬁﬁ&g@gﬁ%&%@@%@wﬁ&@et@%ﬂ,é@umirﬁirmw@%@&ag avinden (RLINeAMS:of g/m1) and
the concentr%tlon ob%agé%iesolr&lthe t,ppm5 Cr)?é gtheogj%gtq/ated C8/|Ind65 -%LIE/I terms re?){ t[ml) divided
by the initial CORCENtration ot particles in the abrasive compasition ((C]in terms ot gl 1% i$ less than or
equal to 0.55G@¢ BFL PrifFC] OSTRT Hetharki@ sk 13 rc] dediralsipily 1es ¥ kbarr desederdl to 0.3, and
preferably is.3ess%than s eguiaktdOot 180 12]T hre poli sking ©otapo sittemcontprisesd €ationic polymer.
The cationic polymer can be any suitable cationic polymer. The cationic polymer can be a cationic
homopolymer or a cationic copolymer. The purpose of the cationic polymer is to reduce the removal
rate of silicon dioxide as compared to the removal rate of silicon nitride for substrates comprising
silicon dioxide and silicon nitride achievable by the polishing composition of the invention. Without
wishing to be bound by any particular theory, it is believed that the cationic polymer is preferentially
adsorbed onto the surface of the silicon dioxide, The cationic polymer is believed to form a protective
film on the silicon dioxide surface to inhibit contact of the polishing composition with the silicon dioxide
surface, thereby reducing the removal rate of silicon dioxide while advantageously not significantly
affecting the rate of silicon nitride removal. [0013]The cationic homopolymer can be any suitable
cationic homopolymer consisting essentially of cationic monomer repeat units. For example, the
cationic polymer can be any suitable cationic polymer consisting essentially of cationic repeat units
comprising nitrogen, including but not limited to monomers comprising basic amine groups and
guatemized amine groups. The basic amine groups or quatemized amine groups can be acyclic or
incorporated into a ring structure. It is also suitable for the cationic polymer to be further modified by
alkylation, acylation, ethoxylation, or other chemical reaction, in order to alter the solubility, viscosity,
or other physical parameter of the cationic polymer. Preferably, the cationic polymer is selected from
the group consisting of polyethyleneiminc, ethoxylated polyethylencimine,
polydiallyldimethylammonium halide, poly(amidoamine),
poly(methacryloxyloxyethyltrimethylammonium) chloride, 6
poly(raethacryloyloxyethyldimethylbenzylammonium) chloride, poly(vinylpyrrolidone),
poly(vinylimidazole), poly(vinylpyridine), and poly(vinylamine). More preferably, the cationic polymer is
polyethyleneimine. [0014]The cationic polymer can be any suitable cationic homopolymer consisting
essentially of monomers comprising sulfonium groups. Sulfonium groups comprise a sulfur atom
substituted with three carbon atoms, with the sulfur atom having a positive charge. Non-limiting
examples of cationic polymers and cationic monomers comprising sulfonium groups are disclosed in
U.S. Patent 4,528,384. [0015]The cationic polymer can be any suitable cationic homopolymer
consisting



essentially of monomers comprising phosphonium groups. Phosphonium groups comprise a

phosphorous atom substituted with four carbon atoms, with the phosphorous atom having a positive
charge. Non-limiting example of cationic polymers and cationic monomers comprising phosphonium
groups are disclosed in U.S. Patent 5,439,617. [00168]The cationic homopolymer can be any suitable
transition metal oligomer having a net positive charge. For example, aluminum compounds can form

cationic oligoPAEIHES pESERPIEEH HS™RRvAaREIiTITT CHGRIMOGHERTARN T A aeRdF dBRble
aluminum preduketsiig Whichualumiamiatchsdride Passeen partly reacted with base, and which contains

some of the higlhy catignic.elioomersel alumiruRrDIRRE NBRLINItng Bxamples oftrmnsition metal
oligomers are found in, for example, \C ehensi r llic Chemi . Abelm, F.
G. A Stone,%‘Pﬁg)cji_%x “Wilkinson, 'e%é.% 2 e%?r%&‘ﬁ? réi%g%) gg%f%o%%g 2’ %%%%Yc%‘glgg % can be a
copolymer cORMSTISHFARaEt GREPEAHHTE MEAbREEAN OIS DG o HBHE M r{%;é?, wherein the
at least one dationiomenomeroonisiises cithiscinbiedhsfi 509 beimvaebpaymersnsadnolar basis or
50% or less f:tha:c0palymeran:axxojasdeasissdiRa-oatievio-asthnofivniedmbromersican be any
suitable catiogcgge%nglgﬁgi i¢monomers. [0018]For example, the cationic monomer can be any
suitable cationic onomeg@g comprising.nitrogen, includin% bgt not iimiﬁ%d toﬂgn%nomgrs? mprising
basic amine §f8lids and GitERYedE héa&%aﬁ’&g T Bai ARSTh e grouRS BF GGatEmad amine
groups can bexatsyedichsriesthibedvicoporatedhiato sl ¢ingSatreiures EYHmMprEgbPEfShic fionomers
useful in the eentpx, of theinveotims, Frcutde butarenotsimitgddeuetnyteneiminge, which
diallyldimethylarmaniym: halide, methacrylaxyloxyethdtimethylamnonium i chlotdgcn:
methacryloyloxyeth I?im thx%/lbegz%/ amrnotniaurg tggrllori%% feaqrrojf'gt%etha)élarﬂe&p@cgls%t 4+ 2 Gime
N-(3-arninopfsc?é/wlrggth‘ié1 r%/a}él, %/Zlnnﬁir%ﬁ%%&o?e, wn_ﬁ yﬁ&me‘,. viny amlne,q_an amidoamines. The
cationic mon@Hiss WaRCbRIPNAE SIS AN PRESHHOHEIErotiss PatsEium groups and
phosphoniunt@ips shitedkie fommpdangosatomihtetiiedopalymedsecan the s seefdriathbove.
Preferably, the, aliQnic:meReMERiScihe paimine, LoiRALNITENeReNRRiGMONamesdar sxample, can

be any suitable ponianiemenemershincuding bukngtimied o syl RioRy g, eihylene oxide,
propylene oxicé)e,pstyre'ne, epicdlor ﬁy rin, acrylamide, an mlft_ures thereof. }OOZO]The’cationic
copolymer caRABEpFhafet By ey Byt SBE ERh YR oHBSHHIE, TS EE RSN EFEA BEBroduced
by free radicahlcetiomaddmioniteoirsondehsaticnpalymerization, Thebadpohgrmet cxedse dfandom
copolymer, aligsRatinaGeRolyWpREIRENggis sopRi¥MLr. bioskeepalyracs(suppABr ABA, &BC, etc.),

graft copolymel,Of FQRR SORAIUMET . HBF.AAUANIE SARRNINGE 60 hedvilienmpgified by alkylation,
acylation, ethoxdnlatlor?, or other chemical reaction, in oro&ert altegt e SO|ubI|tIt¥, wsciggt , Or other

~ physical par%é@?ﬁﬁﬂé’fﬂfﬁﬁﬁyrﬁ’éﬁfﬁ@@%ﬁ%@%@%I?Fc BSIirer 18 PERLSHIE Fioor%opoq ier or
copolymer) canléraver 2§ eitab keay afagomslcreaibe werghic Prcfarapigiatralicditidigic polymer will have

an average mgleetaimaeigii-ed 1,000 Daltons or more (e.g., 5,000 Daltons or more, or 10,000 Daltons
or more, or 5@,906) Daltgns.OF MEEy QLY eR-#00:QiAalans OfMoLR):JQRRRIT he.amentatief cationic
polymer in the polishing, composition depends.on the natire, of e calionc, polymery When fhe cationic
polymer is a ATVTal o]r‘ﬁ%pb ﬁlr%grr or a cationic cgpoﬁ/mer co%pns%r_l a%alréast one cationic monomer
and at least oHe YioRfEAIE- nolidme PAR RETRiT e Ralolit TRemEs ¢ E<HBIE4Fan 50% of the
cationic copopmiereatiza shilambasiscthele. thed Amdiintof, catioric Poly A0€mim thé golizhirrg:domposition
is 0.1 ppm to:50 pRMRased-en thedatakweightelithe pelishingcampesition. Lypically, dhrsamount of
cationic F’O'yme%iﬂg%%spm oernrg%engg.gﬂél pm or more). Thus, the amount of cationic polymer
in the polishir?r c%mposmon’c_an_ e 0.5 ppm toi ‘ppm (e.g., 1 ppm to 40 ppm), or 2 ppm to 35 ppm
(e.g., 3 ppm B'BE hpm ) VHER e BRI CHORFREF 8 &%S%Bbgo‘fﬁm’%?sb‘b%ﬁ?@ﬁ’gsgﬁ %5t one
cationic monemerandlat demsnbaoabridh kb rrbnorierxnivivdhsinehdreatismerigapierelinrises 50%
or less of the gatipRicecepalyraes.on acslat. asisséhe @mauniofcatianie)patymen ihctheiglishing
composition %%9%%&% Qm&%@(&)%pmm?a&&&%sm&ata% wisiehtof thedelishingcompgsition. In

such an embodiment, typically the amount aof cationic polymer will be 0.1_ppm to 200 ppm (e.g., 5 ppm
to 200 ppm), Bart‘fﬁlbﬁpﬁafbvigffﬁﬁﬁﬂe{%.?ﬁ SBE%}%%“T%&%%] .\Qflfxi#gyalr%%ﬂrﬁ%fg fﬁgség%hé: polymer in
the polishing véfrpuditerris! tsb%owr, fehhserdifsdheestithi g fiomlisuditen e the Eationic polymer is
observed. If the amount of the cationic polymer in the polishing composition is too high, then
suppression of silicon nitride removal occurs, thus lowering the ratio of silicon nitride removal to that of
silicon dioxide removal, as well as reducing the overall polishing rate for the substrate below useful
levels.



[0023]The cationic homopolymers and cationic copolymers of the invention allow for similar selectivity
for removal of silicon nitride in preference to silicon dioxide in the chemical-mechanical polishing of
substrates comprising silicon nitride and silicon oxide. 8 Generally, the use of higher concentrations of
the cationic copolymers in polishing compositions is rfequired to achieve similar polishing performance
as compared to polishing compositions comprising cationic homopol?/mers. Despite pgssible
disadvantage$aRreReREFErAbISE 17 Br8ar rarisreiin Al RBF i eI ers AR Bmpared to
cationic homogehgine rseirpolishingtonnpositipnstisuch&s cestamd! sugply requirements, the greater
precision achigyable in-formuation itheipalishipssempesitonsthaving.pighencangentrations of
cationic copolymers during the manufactiring, proGesRMAY-RE advaniagegus dn seme circumstances.
[0024]The pollg ing Coyr_n'positlo_n f)as appflf of 7 or Iréss (e.g., 6 qr less). Preferably, th p%lishing
composition hBSXECGE PoOPHHGIEL R B ol B S'SF RIGHET BV BT IS e?@rb%ly, %e polishing
composition hasagHbafdfto: 7o(gig sineeprTHepetishiprgtichmpositdnbptentily comipfides pH
adjusting ageRisyifay exanplecnatassiumbydiexidesammonikmntitydroxide catiytamimanium
hydroxides, and/or nitric, agid,; The: polishing.camnasition.canerficnally aamprse petbyiirsing

systems, for example, ammonium acetate or disodium citrate. Many such uffering systems are
el Known i 18 BHET0BS TG COHFLGRIGH SBUBRAT 1 PR SbHLEE Searbonylic acd
Carboxylic aciti§usefe ittt putishingntetinsosierimrva & meriveafifory ié BAEE-EBSxylic acids
and their saltseyTihg-canpoxyligacid samn furhercomprise funclipnatigranps:seteéted frdmdhe group

consisting of 9&8@% %ﬁﬁ?a%wfﬂ@ngﬁﬂg aring, ansknitgasn-eaniaining:-Armmate heteracycle.
Preferably, the carboxy ﬁ

Kylic acid Is selected from the group.consisting of acetjc.acid, ionic acid,
butyric acid, b@ﬁf@fé%8?%‘%%%%0&@’,8363%%% é’c%?n&%:%i%ﬁ%q}z%?d?%g g?i%oabg?dﬁlgbt Lgféid, phthalic
acid, salicylic 8EiH|Ghefranilidacianeieicd BEd G i sHt Rttt 89 A GIE 28 pyruvic acid,
stearic acid, chiereaaegticlagithaichlegesiceticlacid, 2-pyridinecarboxylic acid, 2-piperidinecarboxylic
aciéi gly%i_ne, %@%’1:16, 3r§f 'Bg?%ﬁ i%iﬁ;ﬁ»@#io&z%mgm@y;y&gﬁ@ﬁwpQ@Ehéa.tim HA@@m,p%@&ﬁ&herefOE
and combinations thereof. The polishing compeosition can compyi ny. Sui t of the
carboxylic aci&agﬁbc? \E/ivnF'\’eSﬁntprgt-%f’asg‘%ltl %éllfﬁi%%r?ng%sé%gﬁcpﬁ?%%emgfggégg%t%é tgo%%%%% g%%:é)p
Preferably, thezhiaiftior e beeylicraeig praseht i it SERITHG Eo M PISHISS Wi BBIG06 pm or less
(e.g., 800 ppmvhsitess donx6B0: ppompaiaks).feGa7valilbe bpbretisiteddiien thesaftseementioned
carboxylic acidssamnmxishinihe e afasalbiad:de matahsaltbamapmomngndsaibsaidherike), an

acid, or as a partial salt thereef, F%@rf&[gn ple,Jariraies nglude;tartanic.aqid: asuuell as meng: and

[

di-salts thereo .el_:’m_’t%ermorel é%%oxy IC acids incl dm_g asic functi ﬂal groups can e ist in the form of
an acid salt of%@%&@@%ﬁ%ﬁfﬁ%ﬂﬁl}*&%@%ﬁ%Bf%, ‘?fﬁcﬁﬁre%cfn%%dﬁesg}f/(c}:?ne},%ge\:/ve as monoacid
salts thereof Futibermetensomesbarbbkylferacioy darifgricio Abbthsdis ehdeifasdrisalehelating
agent (e.g., cariantanine acids poickihe: likeyyRiDA2B]T hie: calibexylicatidwsénesisetsral functions in
the polishing GoMPASiRAN.HBs: FarRoxylisiasidineRction withdhasationicRalume seeves:to confer
selectivity for rerr_loval of silicon nitride in N eference to _remova_ll_ of S|I|(_:or} dioxide observed with th(_a
use of the invePiASEHiRY UBIpSGRS by suppression of silicon digxide removal. The carboxylic
acid further sel®¥8Yo bilffecoienH SrIRROL e A RE HpTEERCHTR SR QUBRE SPIREPSlishing
composition [@928}Ehe Eolishing compositispesptional fofumthepcothp isestnechumidterotheny

suitabie cationic polymer consisting essentially of cationic repeat units comprising nitrogen,

including but not limited to monomers comprising basic amine groups and quaternized

amine groups. The basic amine groups or quaternized amine groups can be acyclic or

incorporated into a ring structure. It is also suitable for the cationic polymer to be further

modified by alkylation, acylation, ethoxylation, or other chemical reaction, in order to alter

the solubility, viscosity, or other physical parameter of the cationic polymer. Preferably, the

cationic polymer is selected from the group consisting of polyethyleneimine, ethoxylated

polyethyleneimine, polydiallyldimethylammonium halide, poly(amidoamine},

poly(methacryloxyloxyethyhrimethylammonsum) chioride,



additives. Such additives include any suitable surfactant and/or theological_ control agent, including

~ viscosity enhancing agents and coagulants (e.g., polymeric rheological control agents, such as, for
example, urethane polymers), acrylates comprising one or more acrylic subunits (e.g., vinyl acrylates
and styrene acrylates), and polymers, copolymers, arnfd oligomers thereof, and salts thereof Suitable
surfactants include, for example, cationic surfactants, anionic surfactants, anionic polyelectrolytes,
nonionic surfacRrftecBasphotisrizesurfactethrso Mavamatet s factaorae nepdiray M@'&%%d the like.
[0030]The poligkingicampositie) eptignallipfuitiney, comprigesybicoide. Vioe hiediddigarhbe any
suitable biocide,{qr;exakmpie g%&?gm@gggm%@ biocide. The amount of biocide used in the polishing
composition typically 1s 1.ppm.to 500 ppm, and preferably.is 1 to 20 m. [0031]The polishing
composition c:frqgti?J _prepa?e%f%[i/mgngogﬁgb%n%gﬁnn%}qsﬁie%%eaﬁ@gggp \?vrﬁ?gﬁog{?p %rﬁo\?\(/{rlllstlg tHose skilled in
the art. The pofSAIHg ¢SSR CARTEE HREpAHRA T atbattth o CORHTIGTR BoCESS I Ga R iy, the
polishing compuositiohcandiewptie garedbyeomiviningtthéecoriporemntsthegeobiniavy dedey. The term
"component” agdisedihereinakidesdndividpalnaredientisiiaig mosidebasepriets:) agwalkas any
combl_natlon of o%r(}(%gsegrlglaltss es.f%,ig%#s_, pa@esng%’%g%%tants, etc.). [0032]For example, _the cationic
abrasive can be spersedp in ' water. The cationic homopolymer or copolymer and optional carboxylic
acid can then ¥ Rided ! BhdIHREdINYEY R BISEAETE e SBHBIE SPREBOILL G ¥ mponents
into the polishisgeebrtipoditionoere polighisigecdivipbsition capnbe Flepaket priortyRISENwIticoNe or
more componessgushhasdibe catignicdiomonelyrebal sopslymeriaddediodhe palishingns
composiuon U BelRKe g (e nilin,d maE beAENSC ARG ARuDelalB S8, of Wi 7
days before use). The pH €an be adjusted at any suitable fime. The palishing composition also can be
prepared by miXREFHRECORTPRIRIS STHE ﬁﬁﬁé{"’g)ﬁgﬁgﬁ(ﬁ%% *éﬁ%ﬁg 4?1e polishing operation.
[0033]The poli§#itg compositibmigldoearrbepretidetiaay stdnesnmaiewiminl islintaisadavivde diluted
with an appropfiaie,amauheiwatesprenit Usemin st chamenbedineant, dhepolishingermposition

concentrate cap, cQMQige, & i@ﬂ%&:ﬁ&fﬁsﬁﬁoﬁ&?ti@m&%ﬂm%’%ﬁ QF SR MEhifuearboxylic acid,

and water in amounts such that, 10 upon dil tign %f the cl%ncenttra e v%%ttg an a rolglriﬁlt% a{gnosunt of
water, each coffifs8Rent 8f't Bﬁgﬁ‘fﬁ% BORPostion Wil Be’ praSent i tha polighing composition in an
amount within sReapsre Rl ragairedigsirabcie srageh SoifimsRdHtIs Sxafmie “the cationic
abrasive, a catinniitihomepbhlipenas copblynden, andxarbexylkragidiean wathgdoeoprasdnt in the
concentrate in gi:aeuptthatis 2 4imesH(e;:94 JtResnd BMESIAL:etiNRS)rgreaten thansthe
concentration ;ﬁ&é%%d above for each component so that, when the concentrate is diluted with an equal
volume of water (€.9., 2 equal volumes water, 3 equal volumes of water, or 4 equal volumes of water,
respectively), d48H compbh &Rt BEISFEESAR i thECPUNEIn G EHHHBRIALITAH SR° ARGt within the
ranges set fortinaivove fod eabiasconpomenticFurtiherrnoraersvidl belamdersterd@idy thansenof ordinary
skill in the art, the,sensentatmeaneantain anappiepyiate fastianebike waterpresenbinihe final
polishing comnasHiaRINAIEELda - anae LG kAN NBMOBRMRIALAIROUMEL ARLiona
carboxylic acid, and other suitable additives are at least partially or fully dissolved in the concentrate.
[0034]The inverRiBHaRh BPHPEYIdRS S Hf&thod of chemically-mechanically polishing a substrate
comprising (i) d8H@ctind'er subsrigicthvita o IBMAT Patiahe the bl satiesin peifoa tescribed
herein, (i) movisgiheangalisbing, padineiagveatathesebstratenwithrthepetishin dcomipositigoups
therebetween, and, (i) AbKAding-At leaska porignok it sHbsiiale daRalishithe substiaie 4RR35] The

method of the invention can be used to polish any suitable substrate, and is especially usefull for
sk cyclic or can be Incorporaie .Hl‘a) armg Struciure., . X%Tﬁplgs i% 6 1{)1}}%; WODOMErs Bseins
polishing subsftates Cofprising Sificon nitride and Silicon dioxide: Surtable substrates include wafers

used in the seri#i8saaEEr HhEissRyentivg Foietity BRI beRICHIER R ell-suited for planarizing
or polishing a siidibtrétecthdtihasnindeigdide skliiow weylchyigbidtion (& Tppracessingl®d. processing
typically involvegRienidingxg-aiicamsubsiaigamuhich isdepositedailayenofsiieon nigide. Trenches
are etched ontgQ a,substrate comprising an Qverlying Jayer. ilicon nityj [ hotolithography,
and an excessﬁd??sfl |cglr?p(§%)3(§i§@ |s,a(‘jce o%i’teélt gﬁrelé)g?ﬁ%%hg%[ﬁgﬁg%égi? %%%%ﬁ%\]le%g%% to planarization
until the surfac4PaFYESilidSR IR IS SpBREShHNS FERRSY SH - SruP Rt B8 EHRBIb&EEFemaining in
the trenches isSapjproxingately levebiithhieuad gasiof shikablerichasoDeirablynth&pkaratizagion or
polishing is carrigout én HRLpIRsesSRgitnthecpalishiogeanpesitienoftkeinention, preferably
such that the silicon nitride is substantially removed and the silicon dioxide is adequately planarized
without excessive erosion of silicon dioxide within the trenches. [0036]The polishing method of the
invention is particularly suited for use in



conjunction with a chemical-mechanical polishing (CMP) apparatus. Typically, the apparatus
comprises a platen, which, when in use, is in motion and has a velocity that results from orbital, 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 11 by contacting and moving relative to the
surface of the polishing pad. The polishing of the substrate takes place by the substrate being placed
in contact witH @ polishegnpeidrén thehenpolistringacarivp ositivrrof thdahvertvrnnoiehemnetkyg. polishing
pad moving relativedte thensuinstratercsanario, asadral leagka:-paiionaiifesubstateiedqolish the

substrate. 100%?%130%%}{ t%c%MgepIMﬁgg Relished with the chemical-mechanical polishing
composmonw h any suitable polishing pad (e.g., ollshln(g surface). Suita W%gllsglng pads include,

for example, W& andrﬁ%ﬁaﬁ%’\lféﬁa% Yéﬁ‘?ﬁﬁaﬁa}%fspﬁ@ﬁ% %F%’Lmléﬁl’é‘* p6fi § can comprise
any suitable peiytirge. dﬁ@/aﬁyﬁi@f@en@m})ﬁfmﬁéhéﬂﬁbbhfé%n@%ab@ﬁﬁlﬁﬁé%siﬁmﬁycamlWﬁ@@@wnd upon
compression, giigheampiession medutus: Suitablerpalymergdnchiedesltanaexampleipabyyinylchloride,
po:yvmyéﬂuOr'g&sat{toghpf&g%lgpagi%gp,c&%xgﬁﬁépqgllgteﬁ&eogg%egfaolmqrty@;ﬁ &QM%r,opilyethylene
polyamide, polyurethane, polystyrene ene, cofarme and mixtures
thereof. [0038fHaRif %‘%?'rfﬁé Catbﬁlgré’%éﬁs%ﬁ% re(r:z‘é]éi)m ?rlseeg %?nél)r% séljtu% Tig'hlr%on § rTi0|n detection
system, manyc8fuHsarerkiswRbHe artcTeehimigiiss %fﬂ ﬁ%&b@éﬁhﬁ)i&ﬁd ﬁiﬁﬁ?ﬁﬁ}‘m@“ & polishing
process by analygin dighiereottieks adiationereflected from a surface of the workpiece are known in the

art. Such methgg are descret XA, ik, RABIISII0 S53cH SPaURN S A G5L U.S.
Patent 5,609, %b .S. Patent 5,643,046 h%J %i%f%géu 5,658,183, U S Patent 730 642, U.S. Patent

5,838,447, U. gt eé?ffeéa 8612n 8 %u U. gejlgatent y?éi ! ﬁtgmlgg %t gr 94 éVLfé Patent
5,964,643, DEBHEBINATHEHS SN SIHIBRISHRAR of He ProGreaiost tﬂ%ﬁsﬂfn@ﬁ%é@@?%th respect
to a workpiecetheing polisHéd Bnkdlesithedetermmatioh(®p thelpalishimgrend-point, i.e., the
determinationgfyhen topemminatethadalishingrocess mxﬁﬂﬁga@mﬁ@;@@aﬁ@ﬁ{a{s\u@d@iece

L e aolhing sxe i YSLY uRaiD YR R Rl L cOHEER: SIRHIGRALPE Gonsired

as in any way limiting Its scope. 1 & examples b elow, the polishing exp riments generally

involved use GFEOBE SBNBE |ﬁ8ﬁ)”a?éf‘r%é{éﬁ§6ﬁ’§ﬁlﬁ@“?&ﬂ Wﬂﬁ’f’??rﬁ@ﬁé éﬁ‘%%%?ce pressure
of the substratecagainstieepolishagpadmetopen platensspeett; Benrphicarier gpest, 200 mL/min
. polishing comggsition-flewd ateiaapekiiseHf die Sitbaanditianing: ebrwaneenitiggirnayed CMP pad.

EXAMPLE 1 %9%%&?&%%%9!& JK‘Sa@@ﬁ?%h%érﬂzﬁ%@i%ﬁ&%r}}ézgﬁﬁé’%{%@% gpeimine

having an avera e mol cular welgg t of altons Rl removal rates fo SI|IC n nitride a d silicon
I

dioxide layers SRRy %H‘%C@ BEitians bF thePRvaRtS Ore 4 2188 Siticon nitride
layers and sﬂ@bﬁ%ﬁ%&%éﬁ%ﬁﬁ@%@ﬁ&%@l‘? ﬁtﬂ|BPﬂé“é}1ﬁHt?P§IR°éiﬁ@Fe?ﬁnd&|§ﬁlﬁ@f%é?ﬁéosmons
(CompositiongdA{tle), Epeh of hepampositionscomprisddD.4 wtdscebigrmnd F0Gppm of
4-aminobutyrig,agid.al A Rl ok 4 &idWaRholymer comprising at least one cationic monomer and at

least one nonionic monomer, wherein the cationic monomer comprises 50% or less of the

cationic copolymer on a molar basis, the amount of cationic polymer in the polishing
composition can be 0.1 ppm to 200 ppm, based on the total weight of the polishing
composition. In such an embodiment, typically the amount of cationic polymer will be 0.1
ppm to 200 ppm (e.g., 5 ppm to 200 ppm), or 10 ppmto 150 ppm (e.g., 20 ppm to 100
ppm). Ifthe amount of the cationic polymer in the polishing composition is too low, then
no effect resulting from addition of the cationic polymer is observed. If the amount of the
cationic polymer in the polishing composition is too high, then suppression of silicon nitride
removal occurs, thus lowering the ratio of silicon nitride removal to that of silicon dioxide
removal, as well as reducing the overall polishing rate for the substrate below useful levels.
[0023] The cationic homopolymers and cationic copolymers of the nvention allow for
similar selectivity for removal of silicon nitride in prefercnce to silicon dioxide in the

chemical-mechanical polishing of substrates comprising silicon nitride and silicon oxide.



12 Composition IA (control) contained no further ingredients (e.g., no polyethyleneimine).
Compositions IB- IF (invention) further comprised varying amounts of polyethyleneimine as set forth in
Table 1. Following use of the polishing compositions, the silicon nitride ("nitride") and silicon dioxide
("oxide") removal rates were determined, and the seRectivities, defined as the ratio of the silicon nitride
to silicon dioxide removal rates, were calculated. The results are set forth in Table 1. Table I: Effect of

increasing leVEREBHpolethgI8hRIBRTHE S NEBHCRR RIS & AEFSESIobIRRM Ao ition

Polyethyleneimimes{Mit) NitrigerRate {Kivd Oxidie RatdifignimioSedectivitycAntorned Nonislioentrol) 950

640 1.5 B (inventiesn)ch O €6hdt0ide cationic homopolymers. Despite possible disadvantages of a
requirement for use of larger amounts of cationic copolymers as compared to cationic
homopolymers in polishing compositions, such as cost and supply requirements, the greater
precision achievable in formulation of the polishing compositions having higher
concentrations of cationic copolymers during the manufacturing process may be
advantageous in some circumstances.
[10024] The polishing composition has a pH of 7 or less {e.g., 6 or less). Preferably, the
polishing composition has a pH of 1or more (e.g., 2 or more, or 3 or more). Even more
preferably, the polishing composition has a pH of 4 to 7 {e.g., 4 to 6). The polishing
composition optionally comprises pH adjusting agents, for example, potassium hydroxide,
ammonium hydroxide, alikylammonium hydroxides, and/or nifric acid. The polishing
composition can optionally comprise pH buffering systems, for example, ammonium
acetate or disodium citrate, Many such pH buffering systerns are well known in the art.
[0025] The polishing composition optionally further comprises a carboxylic acid.
Carboxylic acids useful in the polishing composition include monocarboxylic and
dicarboxylic acids and their salts. The carboxylic acid can further comprise functional
groups selected from the group consisting of hydroxyl, carbonyl, halogen, amine, and
nitrogen-confaining aromatic heteroéycle. Preferably, the carboxylic acid is selected from
the group consisting of acetic acid, propionic acid, butyric acid, benzoic acid, formic acid,
malonic acid, succinic acid, tartaric acid, lactic acid, phthalic acid, salicylic acid, anthranilic
acid, citric acid, glycolic acid, fumaric acid, lauric acid, pyruvic acid, stearic acid,
chloroacetic acid, dichloroacetic acid, 2-pyridinecarboxylic acid, 2-piperidinecarboxylic
acid, glycine, alanine, 3-aminopropionic acid, 4-aminobutyric acid, derivatives thereof, salts
thereof, and combinations thereof.
[06026] The polishing composition can comprise any suitable amount of the carboxylic
acid and when present typically comprises 10 ppm or more (e.g., 10 to 1000 ppm).
Preferably, the amount of carbexylic acid present in the polishing composition will be 1000
ppm or less {e.g., 800 ppm or less, or 600 ppm or less).
[0027] It will be appreciated that the aforementioned carboxylic acids can exist in the
form of a salt {e.g., a metal salt, an ammoninm salt, or the bike), an acid, or as a partial salt
thereof. For example, tartrates include tartaric acid, as well as mono- and di-salts thereof.
Furthermore, carboxylic acids including basic functional groups can exist in the form of an
acid salt of the basic functional group. For exampie, glycines mclude glycine, as well as
meonoacid salts thereof. Furthermore, some carboxyhe acids can function both as an acd

and as a chelating agent {e.g., certain amino acids and the like).



C (invention) 2 930 180 52 ID (invention) 4 920 90 10.2 IB (invention) ent on) 6 350 60 5. F (invention)
10 24

%

[0028] The carboxylic acid serves several functions in the polishing composition. The
carboxylic acid in conjunction with the cationic polymer serves to confer selectivity for
removal of silicon nitride in preference to removal of silicon dioxide observed with the use
of the inventive polishing composition by suppression of silicon dioxide removal. The
carboxylic acid further serves to buffer the pH of the system and improves the colloidal
stability of the polishing composition

[00285] The polishing composition optionally further coraprises one or more other
additives. Such additives include any suitable surfactant and/or rheological control agent,
including viscosity enhancing agents and coagulants (e.g., polymeric theological control
agents, such as, for example, urethane polymers), acrylates comprising one or more acrylic
subunits (e.g., vinyl acrylates and styrene acrylates), and polymers, copolymers, and
oligomers thereof, and salts thereof. Suitable surfactants include, for example, cationic
surfactants, anionic surfactants, anionic polyelecirolytes, nonionic surfactants, amphoteric
surfactants, fluorinated surfactants, mixtures thereof, and the like.

[0030] The polishing composition optionally further comprises a biocide. The biocide
can be any suitable biocide, for example an isothiazolinone biocide. The amount of biocide
used in the polishing composition typically is 1 ppm to 500 ppm, and preferably is 10 ppm
to 200 ppm.

[6031] The polishing composition can be prepared by any suitable technigue, many of
which are known to those skilled in the art. The polishing composition can be prepared in 2
batch or continuous process. Generally, the polishing composition can be prepared by
combining the components thereof it any order. The term "component” as used herein
includes individual ingredients (e.g., acids, bases, etc.) as well as any combination of
ingredients (e.g., acids, bases, surfactants, etc.).

[0032] For example, the cationic abrasive can be dispersed in water. The cationic
homopolymer or copolymer and optional carboxylic acid can then be added, and mixed by
any method that is capable of incorporating the components into the polishing composition.
The polishing composition can be prepared prior to use, with one or more components, such
as the cationic homopolymer or copolymer, added to the polishing composition just before
use (e.g., within 1 minute before use, or within 1 hour before use, or within 7 days before
use). The pH can be adjusted at any suitable time. The polishing composition also can be
prepared by mixing the components at the surface of the substrate during the polishing
operation.

[0033) The polishing composition also can be provided as a concentrate which 1s
intended to be diluted with an appropriate amount of water prior to use. In such an
embodiment, the polishing composition concentrate can comprise a cationic abrasive, a

cationic homopolymer or copolymer, a carboxylic acid, and water in amounts such that,



10 2.4 100431As is apparent from the data set forth in Table 1, increasing the amount of
polyethyleneimine from none up to 4 ppm resulted in a negligible decrease in the removal rate of
silicon nitride, while the removal rate for silicon dioxide decreased by approximately 86%. The
selectivity as defined by the ratio of silicon nitride to sificon oxide removal rate increased from 1.5, with
no polyethyleneimine present in the polishing composition, to 10.2, with 4 ppm of polyethyleneimine
present in theupotishingpoamipositionninty cading therapretmeobpalyéthgieneiahireimenepelishing
composition te,d @ pRAMECSMIBSkIROA Significasideduetiopoinsihe: resrositiatafan bothuiayeisial hus, the
results of ihis gxampls emanaiialshesiskandanee ol slisan Hitide.and sicon diggide removal rate
on the amount ofa_ e tatignic polymer in the polishing composition of the |nvent|%r]3. EXAMPLE 2
10044]This. exEAFAPIE ShERHEIHHC BAERY PG SR AT G B FRERS S FohiaV AR A LS a7 Slidon itride
and silicon didxidetegersobsanetPwithibt esgolishing SormpositichSorhe eatiol cj6e483Six different
polishing compesitioRsiwess tsaditaseparatekhchemicatlysmechanically potistnsimilardiliedn nitride
layers and siligag %EO@%Q& A& @%&QP?&?&Q@%%‘?@&@Q%&W% compasiionseomprisgd 0.4 wt.%
§%c

ceria and 400 ppm of 4- arnjnobutyric acid of 4.9in a‘t‘é%é' Com?% itio ZA&» ﬁ(étgntrol) contained

& DIE 1 th

ta

no further ingf@dien@%.° gaégtié%ﬁ%ﬁb%ﬁ?wer Compost %gn invention) additionally contained 8.5
ppm of polyethyiEesineme(ay ereryeimoibiEuRe Wsighico 50000 PPARJAS F 2B 0TAPBEREBH 2C (invention)
additionally cantainechd5 ppmiotpolydiakyttin dtbydarnmadmamn ssilorides 48 (averagamoiesular weight
60,000 Daltong), Gomposition 2D (invehtiomAgsiiopaliy cantaingdi 10 pom of §0%sathoxylated
polyethyleneimine (2verate, majeclar weight 50,000 Daltons), Comgasiion, A&, Unyepimadditonally
contained 25 Bpm ogf boﬁ/aml. oamine ?averag _n%/gfecu ar e'gnﬁt 1,000,000 Dalions). Following use of
the polishing G8ipB&RtIASIhE B hitAt e TEHHON T NI &SRB Ha S T6%8E'S removal rates were
determined, afidthe selBatildties]definédrgydhdaatinahidecdilibon:eittideadisificdly diokidegamoval

rates, were calgialed. JHhgitasulis @re-satfosthiubabiai. dahisdiEfiechetidifierentigationic

polymers on Slieeniiss.end o) on A0S RDQURLERS R RGNV Ral A Qyice Rate
polishing cgmposition therebetween, and (iii) abrading at least a portion of the substrate (o

polish the substrate.
[0035] The method of the invention can be used to polish any suitable substrate, and is

especially useful for polishing substrates comprising silicon mitride and silicon dioxide.
Suitable substrates include wafers used in the semiconductor industry. The polishing
composition is particularly well-suited for planarizing or polishing a substrate that has
undergone shallow trench iselation {STI) processing. STT processing typically mvolves
providing a silicon substrate on which is deposited a layer of silicon nitride. Trenches are
etched onto a substrate comprising an overlying layer of silicon nitride following
photolithography, and an excess of silicon dioxide is deposited thereon. The substrate is
then subiected to planarization until the surface layer of silicon nitride is substantially
removed, such that the silicon oxide remaining in the trenches is approximately level with
the edges of the trenches. Desirably, the planarization or polishing is carried out in 5TI
processing with the polishing composition of the invention, preferably such that the silicon
nitride is substantially removed and the silicon dioxide is adequately planarized without
excessive erosion of silicon dioxide within the trenches.

[0036] The polishing method of the invention is particularly suited for use in
conjunction with a chemical-mechanical polishing (CMP} apparatus. Typically, the
apparatus comprises a platen, which, when in use, is in motion and has a velocity that
results from orbital, linear, or circular motion, a polishing pad in contact with the platen and

moving with the plater when in motion, and a carrier that holds a substrate to be polished
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by contacting and moving relative to the surface of the polishing pad. The polishing of the
substrate takes place by the substrate being placed in contact with the polishing pad and the
polishing composition of the invention and then the polishing pad moving relative tothe
substrate, so as to abrade at least a portion of the substrate to polish the substrate.
037} A substrate can be planarized or polished with the chemical-mechanical
polishing composition with any suitable polishing pad {(e.g., polishing surface). Suitable
polishing pads include, for example, woven and non-woven polishing pads. Moreover,
suitable polishing pads can comprise any suitable polymer of varying density, hardness,
thickness, compressibility, ability to rebound upon compression, and compression modulus.
Suitable polymers inciude, for example, polyvinylchloride, polyvinylfluoride, nyion,
fluorocarbon, polycarbonate, polyester, polyacrylate, polyether, polyethylene, polyamide,
polyurethane, polystyrene, polypropylene, coformed products thereof, and mnixtures thereof.
[0038] Desirably, the CMP apparatus further comprises an in situ polishing endpoint
detection system, many of which are known in the art. Techmques for inspecting and
monitoring the polishing process by analyzing light or other radiation reflected from a
surface of the workpiece are known in the art. Such methods are described, for example, m
U.S. Patent 5,196,353, 1.S. Patent 5,433,651, U.S. Patent 5,609,511, U.5. Patent 5,643,046,
U.S. Patent 5,658,183, U.S. Patent 5,730,642, U.S. Patent 5,838,447, U.S. Patent 5,872,633,
U.S. Patent 5,893,796, U.S. Patent 5,949,927, and U.S. Patent 5,964,643, Desirably, the
inspection or monitoring of the progress of the polishing process with respect to a
workpiece being polished enables the determination of the polishing end-point, Le., the
determination of when to ferminate the polishing process with respect to a particular
workpiece.
16939] The following examples further illustrate the invention but, of course, should not
be construed as in any way limiting its scope.
[6640] In the examples below, the polishing experiments generally involved use of a
50.8 cm (20 inch) diameter polishing tool with 27.6 IcPa (4 psi) downforce pressure of the
substrate against the polishing pad, 60 rpm platen speed, 56 rpm carrier speed, 200 mL/min
polishing composition flow rate, and use of in-situ conditioming of a concentric grooved
CMP pad. )

EXAMPLE 1
[0041] This example shows the effect of increasing amounts of a polyethyleneimine
having an average molecular weight of 2000 Daltons on removal rates for silicon nitride and
silicon dioxide layers observed with the polishing compositions of the invention.
{0042} Simitar silicon nitride layers and silicon dioxide layers were separately polished
with six different polishing compositions {(Compositions 1A-1F). Each of the compositions

comprised 0.4 wt.% ceria and 460 ppm of 4-aminobutyric acid at a pH of 4.9 in water,



56 7.7 100461As is apparent from the results set forth in Table 2, all of the inventive polishing
compositions decreased the removal rate for silicon dioxide compared with the removal rate for silicon
nitride, while maintaining high removal rates for silicon nitride, as compared to the control polishing
composition. The use of polyethyleneitnine with an a¥erage molecular weight of 25,000 daltons
(Polishing Composition 2B) notably reduced the removal rate for silicon dioxide approximately 17
times, while rﬁamemgi@ﬁééilié@ﬁfﬁﬁ{ R tARAO VAl FATRC D MG SR BYifriatdl) RBEE 5?‘?6% Sred to the
control polishingsgesmpasitriFThusathe yéstits @bmpsseiammiegj@nwntﬁraﬁ@q}yé@f@@@mﬁ removal
rates for silicqn pjtride ﬁyl%liﬁeandﬁih%%gleg@dmﬁy@@ﬁ@ﬁgeaﬂﬂbasmme wolishing:composition of the

nvenion. EXAMPLE 3 1004 4 i raimpl w1 e e poues comprising diferr

proportions o hic monomer and onlon monomer on r?mov s for s% on njtride and
silicon dioxidéstagaréisndeivet Withe e p oy coMPOSTisnE 8t ven {igh>f0B4BLEVe different
polishing compisitiens Werewused:ito sefatately dhermically- mechanlcally pollsh similar silicon nitride
and silicon dioxide layers (Compositions 3A, 3B, 3C, 3D, and 3E). Each of the compositions comprised
ceria and copglymersef-acsylamidsanc dinllyfgmethylammoeium chtorides(D ARMAGH in water in
which the molgs.firactienwi RADMAC units in the copolymers was different. Composition 3A contained
20 ppm of a 5 Fonieilh DARMAG copalymatwith-aciytamidénCompsitioni88Rontdinsdi203ppm of a
15 mole % DADMAC copolymer with @emylamide. Compdsifiéni8C contéiied0 ppm of a 30 mole %
DADMAC copelymagsvsith acrylarnide Nepsripesitith 3D cofitdined 20 ppffa 14 100 mole 94
DADMAC copolyineenvthacrylamide {i.e., a homopolymef£df DADMAC) 1 Compos tioh 3E contained
100 ppm of a/3¢ mele:fe:ADMAC dopolymer with acrylarfié FollowingWSe of the|gelishing
compositions, thesiean:witride ("nitfide™) and silicon dioxi@&0("oxide") réfhoval ratesinere determined,
and the seledfivifigs;etatined as the rafio of the silicon nitridélto silicon di6xide remioval rates, were
calculated. Theresulisiare set forth intTable 3. Effect of tationic conolvifier of sili @tride and silicon
dioxide removal rates Polishing Composition Cationic Polymer Amount

{60431 As is apparent from the data set forth in Table 1, increasing the amount of
polyethyleneimine from nene up to 4 ppm resulted in a negligible decrease in the removal
rate of silicon nitride, while the removal rate for silicon dioxide decreased by approximately
86%. The selectivity as defined by the ratio of siticon nitride to silicon oxide removal rate
increased from 1.5, with no polyethylencimine present in the polishing composition, to

10.2, with 4 ppm of polyethylencimine present in the polishing composition. Increasing the
amount of polyethylencimine in the polishing compeosition to 10 ppm resulted m a '
significant reduction i the removal rate for both layers. Thus, the results of this exampte
demonstrate the dependence of silicon nitride and silicon dioxide removal rate on the

amount of the cationic polymer in the polishing composition of the invention.

EXAMPLE 2
[0044] This example shows the effect of different cationic polymers on removal rates
for silicon nitride and silicon dioxide layers observed with the polishing compositions of the
invention.
[0045] Six different polishing compositions were used to separately chemically-
mechanically polish similar silicon nitride layers and silicon dioxide layers (Compositions
2A-2F). Fach ofthe compositions comprised 0.4 wt.% ceria and 400 ppm of4-
aminobutyric acid at a pH of 4.9 in water. Composition 2A (control) contained no further
ingredients (e.g., no cationic polymer). Composition 2B {(invention) additionally contained
8.5 ppm of polyethyleneimine (average molecular weight 25,000 Daltons). Composition 2C

(invention) additionally contained 15 ppm of polydialiyldimethylammonium chloride
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(average molecular weight 60,000 Daltons). Composition 2D (invention) additionally
contained 10 ppm of 80% ethoxylated polyethyleneimine (average molecular weight
50,000 Daltons). Composition 2E (invention} additionally contained 25 ppm of
polyamidoamine (average molecular weight 1,000,000 Daltors). Following use of the
polishing compositions, the silicon nitride ("nitride™) and silicon dioxide ("oxide™) removal
rates were determined, and the selectivities, defined by the ratio of the silicon nitride o

silicon dioxide removal rates, were calculated. The results are set forth m Table 2.

Table 2: Effect of different cationic polymers on silicon nifride and silicon dioxide removal

raies :
Polishing Nitride Rate (A/min) | Oxide Rate (A/min) | Selectivity
Composition
2A (conirol) 1012 558 1.5
2B (invention) 861 33 26
2C {invention} &70 G5 13
2D (invention) 1023 85 12
| 2F (invention) 1200 156 7.7

{0846} As is apparent from the results set forth in Table 2, all of the inventive polishing

compositions decreased the removal rate for silicon dioxide compared with the removal rate
for silicon nitride, while maintaining high removal rates for silicon nitride, as compared to
the control polishing composition. The use of polyethyleneimine with an average molecular
weight of 25,000 daltons (Polishing Composition 28) notably reduced the removal rate for
silicon dioxide approximately 17 times, while reducing the silicon nitride removal rate only
approximately 15%, as compared to the controi polishing composition. Thus, the results of
this example demonstrate the effecis on removal rates for silicon nitride layers and silicon
dioxide layers achievable by the polishing composition of the invention,

EXAMPLE 3
{6047} This example shows the effect of cationic polymers comprising different
proportions of a cationic monomer and nonionmic monomer on removal rates for silicon
nitride and silicon dioxide layers observed with the polishing compositions of the invention.
[0648]
mechanically polish similar silicon nitride and silicon dioxide layers (Compositions 3A, 3B,

Five different polishing compositions were used to separately chemically-

3C, 3D, and 38). Each of the compositions comprised ceria and copolymers of acrylamide
and diallyldimethylammonium chioride ("DADMAC™} in water in which the molar fraction
of DADMAC units in the copolymers was different. Composition 3A contained 20 ppm of
a 5 mole % DADMAC copolymer with acrylamide. Composition 3B contained 20 ppm of a
15 mole % DADMAC copolymer with acrylamide, Composition 3C contained 20 ppm of a
30 mole % DADMAC copolymer with acrylamide. Corposition 3D coatained 20 ppm of a
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100 mole % DADMAC copolymer with acrylamide (i.e., a homopolymer of DADMAC).
Composition 3E contained 100 ppm of a 30 mole % DADMAC copolymer with acrylamide,
Following use of the polishing compositions, the silicon nitride ("nitride”) and silicon
dioxide ("oxide") removal rates were determined, and the selectivities, defined as the ratic
of the silicon nitride to silicon dioxide removal rates, were calculated.  The resulis are set
forth in Table 3.

Table 3: Effect of cationic copolymer of silicon nitride and silicon dioxide removal rates

[ Polishing Cationic Cationic Nitride Rate | Oxide Rate | Selectivity
Composition | Polymer Amount | Monomer (Afmin) | (A/min)
{ppm) Mole %
3A 20 5 1008 2000 105
3B 20 13 1005 1732 0.6
3C 20 30 1009 851 1.2
3D 20 100 467 56 8.9
3E 100 30 1032 63 16.4

{6049] As is apparent from the results set forth in Table 3, increasing the molar fraction
of cationic monomer, in the copolymer from 3 mole % to 30 mole % (Polishing
Compositions 3A-3C) resulted in an approximately 2.4-fold reduction in the oxide removal
rate, with negligible effect on nitride rate. The use of the same amount of the corresponding
cationic homopolymer (Polishing Composition 3D) reduced the removal rate of nitride
approximately 2-fold as compared to compositions comprising the cationic copolymers, but
improved the selectivity to 89, The use of a greater amount (i.e., 100 ppm) of a 30 mole %
DADMAC-acrylamide copolymer (Polishing Composition 3E) improved the selectivity
ratio to 164 with a negligible effect on nitride rate. Thus, the results of this example
demonstrate the effects on removal rates for silicon nitride layers and silicon dioxide layers
achievable by the polishing composition of the invention.



[0049]As is apparent from the results set forth in Table 3, increasing the molar fraction of cationic
monomer, in the copolymer from 5 mole % to 30 male % (Polishing Compositions 3A-3C) resulted in
an approximately 2.4-fold reduction in the oxide removal rate, with negligible effect on nitride rate. The
use of the same amount of the corresponding cationic homopolymer (Polishing Composition 3D)
reduced the"Miw@idoalzisiedisnitride approximately 2-fold as compared to compositions comprising the
cationic copplymers, pidiaproveddihe-apjaativiniedi9. Jdiriise of agtealer FnRUNk{LSod 00 ppm) of
a 30 mole % DADMAC-acrylamide copolymer (Polishing Composition 3E) improved the selectivity
ratio to 16.4W%Sﬁa'gligible effect on nitride rate. Thus, the results of this example demonstrate the
effects on removal (fatesfeciilicensnitdteitayéts andddidicog diadidedayerseachrmivablandyithe polishing
composition of the &%gﬁﬂgl’b()%gééﬁ?@ﬁ iéoﬁl%%'i@ﬁw is: 1.A method of chemically-mechanically polishing
a substrate, which method comprises: (i) contacting a substrate with a polishing pad and a
chemical-mechanidal poli§fiAlcEd5ER#Gh comprising: (a) a cationic abrasive, (b) a cationic polymer
selected from the gup censisting ob ki) @bt &<dmpsm tenabpul S 0ppmiatacatiopisromppolymer,

(2) about 0.1 ppm to about pm of. a cationic. copolymer comprisin aéy to ationjc monomer
and at least one nonionic%rﬁ?c;%i’(ljamégﬁ’E‘E}Lv%er‘cg,\tgl)r(r);n tﬁ%?a%p ?g'axg{coﬁcé”éo |%! r%grrﬁ nf)%lgg}“! ggnf r%%é_omore than
50% of the cationic copolyai@# &Y #PribRircoeaienEneo@) EBeutOTIPPPRG tat ddrritZ@0sgPaNiof a cationic

copolymer comprising at Igaslcane calioaicaenemenmanbAt east ane nanaris menemekwherein the
at least one cationic monomer com rises 50% or less of the coPoI mer olar basis, and (c)

on a
water, wherein the polishifgcSposition hae s pEPBiFab6tt 7'9F1e f’"{(ﬁ?%ogfngj%é:%%ﬁ?@ﬁing pad
relative to the substrate witbpthgohierniealrmachasicadpblishatg coinpositico tiereb2®®Wesn; and (jii)

abrading at least a portion,pf, %i%@%@yﬁﬂiﬁhﬁhgﬁé@ﬂé@@%@- B&iﬂ?ﬁmgrﬁfﬁ@i@%’ wherein

the cationic abrasive is selected from the group consisting of alumina, titania, and doped silica. 3.The
method of claim 1, where® tH&8°€htiBhfc AGFUANR iTCBRTS. THEFREMHY B BaRncrantRlrKIS the

cationic abrasive is zirconigonomer comprises 50% or less of the copolymer on a molar basis,
and
(c) water,
wherein the polishing composition has a pH of about 7 or less,
(ity moving the polishing pad relative to the substrate with the chemical-mechanical
polishing composition therebetween, and
(iif} abrading at ieast a portion of the substrate io polish the substrate.

2. The method of claim 1, wherein the cationic abrasive is selected from the

group consisting of alumina, titania, and doped silica.

3. The method of claim 1, wherein the cationic abrasive is ceria.
4. The method of claim 1, wherein the cationic abrasive is zirconia.
5. The method of claim 1, wherein the cationic abrasive is present in an amount

of about 0.01 wi. % to about 1 wt. %.

8. The method of claim 1, wherein the cationic polymer is a cationic

homopolymer.

7. The method of claim 6, wherein the cationic homopolymer is selected from

the group consisting of ethoxylated polyethyleneimine, polydiallyldimethylammonium



5.The method of claim 1, wherein the cationic abrasive is present in an amount of about 0.01 wt. % to
about 1 wt. %. 6.The method of claim 1, wherein thg cationic polymer is a cationic homopolymer.
7.The method of claim 6, wherein the cationic homopolymer is selected from the group consisting of
ethoxylated polyethyleneimine, polydiallyldimethylammonium 16 halide, poly(amidoamine),
poly(methadmsiiogloxyeylisdtiinathiveimmomioreihekiphigdexyethyitrimethylammonium)  chicride,

poly(methacpy| SPITEIA gsmﬂm&wgm@h‘% ctﬂQ by H@W& g@v@‘m%ﬂerem the

(vinylimidazole), poly(vinylpyridine), and poly (vinylamine) The met

cationic honﬁ’@ﬁf VEmE BN RrehEmipgd @eﬂ?’é‘m%ﬂ”ﬂf’@ﬁiﬁ% wherein polyethyleneimine is
present in the polishing composition in an amount of about 0.1 ppm to about 20 ppm. 10. The method
of claim 6, erelnﬁ;le CatIC,EHIC hornop?aymerés a cﬁmonlct nsition metal ollﬁom er. 11. The method
of claim 1, wherein the cghonlc po?ymer IS a cationic copolymer ﬁo'Fhe method of craim' ﬁ wherein
the cationic polatielesifpiges at least one monomer selected from the group consisting of
diallyldimethylammonium halide, methacry- onloxyethyltrlmethylammonlumchlorlde methacryloy-
loxyethyldi ethylb g@yla m nl m chl rld 2- aml hyl methacéillate N-

aminopropyfimethadlyIate Vi ﬂ ﬁﬁ}rﬁ’(ﬁ’ &‘?ﬁ*ﬁ& UhififePoishfe method of
claim 11, wrm@remm@rmauamemmmmmmylepmmra@onﬁ@t?rmnnethod of claim 1, wherein the
cationic polymer has an average molecular weight of about 5000 Daltons or more.

10. The method of ciaim 6, wherein the cationic homopolymer is a cationic

transition metal oligomer.
1. The method of claim 1, wherein the cationic polymer is a cationic copolymer.

12. The msthod of claim 1, wherein the cationic polymer comprises at least one
monomer selected from the group consisting of diallyldimethylammonium halide,
methacry-loyloxyethylirimethylammonium chloride, methacryloy-
loxyethyldimethylbenzytammonium  chloride, 2-aminoethyl methacrylate, N-(3-
aminopropylymethacrviate, vinylimidazole, vinyipyridine, vinylamine, and

amidoamine.
13. The method of claim 11, wherein the cationic monomer is ethyleneimine.

14, The method of claim 1, wherein the cationic polymer has an average

molecutar weight of about 5000 Daltors or more.

15. The method of claim 14, wherein the cationic polymer comprises nitrogen,

sulfonium groups, phosphonium groups, or a combination thereof.
16, The method of claim 11, wherein the pH is about 4 to about 7.

-7 The method of claim 11, wherein the polishing composition further comprises

a carboxylic acid,

18. The method of claim 17, wherein the carboxylic acid is an amino carboxylic
acid.



15. The method of claim 14, wherein the cationic polymer comprises nitrogen, sulfonium groups,
phosphonium groups, or a combination thereof. 16. The method of claim 11, wherein the pH is about
4 to about 7. 17. The method of claim 11, wherein the polishing composition further comprises a
carboxylic acid. 18. The method of claim 17, wherein the carboxylic acid is an amino carboxylic acid
17 POLISHING COMPOSITION AND METHOD FOR HIGH SILICON NITRIDE TO SILICON OXIDE
REMOVAL RATE RATIOS ABSTRACT The invention provides a chemical-mechanical polishing
composition comprising a cationic abrasive, a catiopic polymer, a carboxylic acid, and water. The
invention further provides a method of chemically-nﬁgchanically polishing a substrate with the
aforementioned polishing composition. The polishing composition exhibits selectivity for removal of
silicon nitride over removal of silicon oxide. (No Figure)

POLISHING COMPOSITION AND METHOD FOR HIGH SILICON NITRIDE TO
SILICON OXIDE REMOVAL RATE RATIOS

ABSTRACT

The invention provides a chemical-mechanical polishing composition comprising a cationic
abrasive, a cationic polymer, a carboxylic acid, and water. The invention further provides a
method of chemically-mechanically polishing a substrate with the aforementioned polishing

composition. The polishing composition exhibits selectivity for removal of silicon nitride over

removal of silicon oxide,

{No Figure)



