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[ 0012] A chem cal - mechani cal polishing (CW) nethod of the present
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[ 0018] As not ed-above, the cationic net QI oxi de abrasive can be
produced by a hydrothernmal process. In“a hydrothernmal process, a
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[ 0025] The cationi c honopol yner can be gny suitable cationic

honopol ynmer consi sting essentially of Tationic nononer repeat units.
For exanple, the cationic polymer can be any suitable cationic
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[0022] 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
about 0.001 wt.% or more (e.g., about 0.005 wt.% or more, or about 0.01 wt.% or more)

based on the weight of the liquid carrier and any components dissolved or suspended



in the context of the invention include but are not limted to
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nmet hacryl oyl oxyet hyl di net hyl benzyl anmoni um chl ori de, 2-am noet hyl

nmet hacry] at e, N—(3-aninOpnopngnethacrylate, vi nyl i m dazol e, .
vi nyl pyrthdsife Theiampraiefrationin abrashy e peaseias thepelishing POIRPASIiRsSRISFDEiN
conpris I d h I, (L : I,f ond -
hosphony o o U B BpaRa HeBIaLRE ab o SECHFIAURRE) BTl can
be as seteighuof khedpdcarferednd aap cympoiatcdissobred ©r suspeomdd tharein. More
ethyleneimn 0031] The, noni onj c nononer,. for ex I e, can be any
sui t abl @f%ﬂsﬁg{ynh@ WGk eapiCiaREas g PRE SRR theROTS R E Colpp Bt ﬁﬁ}@ﬁe,
propyl engy1 RLHVbLERSUIOXKO%, Propyl ene oxide, styrene, epichlorohydrin,
acrylam de, and m xtures thereof [0032] The cationic copol ynmer can be
pr epar ed0033] anyThaatrabvedasaatimigiusperided irethapplighing trenposgminymere can be
produced by.free radical, cationi ani pnic, or .con sation . .

ol yrrer PR TS I ORtopereRa et P A mPRI BTy Warh e REFRAUF ng
copol ynmgpspeR@d i8dh&pSIRRRIgIRIposiBbR ke %ﬁﬁ{/é’ﬁ#@feﬂﬂﬁy &% coll6fallNEAble ABGe
etc.), graft copolyner, or conb copolyner. The cationic copolyner can
be furt fiam epdloiq feders bytha swgprrgionef abaesyyenariagies iathpbiquideioar. Golladder
cheni cal ' ' . -t t . SO fLit Vi ' . or

ot her - pyEAREFER e b B EhartR oP Uy RIS R el BB ST e
(i.e., catenfon anhdrapeliyeaisideredao10idyliesthbleaf) whak eheodbyasbus ik plak&d into a
aver age nol ecul ar wei agé Preferably, the catiognic polymer wll have
an aver 348 migratigiedcylindegrnd aovapbigrstand yothophrgiighen &t afgpeol eheprs, the
about 54300 PRl HRA%nthe EHcntrabion HP BhklicAQ i At ¢ REd
about 50,008 Daltons o more, SP%egeﬁQaggutgfgg§% En?tgg g? nore) .
[ 0034] Thglimden (] infermabi gimly agbthy mencentratidreofipakticddsi in ghectop56 sultaf dire

ool ymer ettt ol Sl deBe § Rkt DSl TR il e asfoaspieles iy
at | easihOMRaid iR RiIFRTTTEA t@H oAlo/thS #5lessAfgh &C%A%IQI%Q). ROTEB} —

wherein the cationic nononer conprises nore than 50% of the cationic
copol ymeF1}d€]a=Md). aFhehadiet [BheR/[Halesirablnis less theatdrsapal tp8i3yamd i n

t he pol i shi C ition i ut 0.1 ppmto about 50 ppm based on
the tot g?e@%ﬁ?lgﬁgf%gﬁ}ahéﬁg%qa?%%gg conposition. Typically, the anmount

of cati ¢002a] pol Yhetatidhiclpobgnéb suitabl for pfindlic M s{tRNE and Methats 4f thpm
or nore). Thus, the anpunt of cationic polyner in the polishi ng[ S
conposi PrERtdAYENHEn £ be 2 eatenihamePolyBE T A ahpiis ceplymers N ithout Wiphing
to abou ] g : )
to about” S0P EEMby iy ARRlar SBRTHER o8RRI R ARG B Potymh U ety
conpr i siadgpridd drea tite sonfecealtsilomon cliorido MEe @tidniatpol yeas tis loekievediorfooniac

nononer, wherein the catiopic . nongner conprises 50% or..l ess of the
cat 1 on ErUGUNE B Ot GG B SETES o RO st o e QpHSREcRayer
in the patH BBk BIRRRIsIRR, ARALYGARMY thd rdnRRM O £IRHN ROQIPRMIe
based on the total weight of the polishing conposition. In such an
enmbodi nmedvantagepusdnhpisigmbeaatiy afifectofg thatdte nf gligwl nitrisie reampyalbe about

0.1 ppm bo 200. gke?. .about 5 m {.0 about, 200 or. ..
about " LO0GiSh ¢ oS etiP RS s g be R s BB b e
~I'f the apgeufdllyodf datienie AldnofteE rapeAtyieE. For éxatpRy tiesdatibgic pOIRRS ichd Bdlardys
too low, then no effect resulting fromaddition of the cationic .

pol yner Shisabiheasiopiccpolymertdeasistifg gssendiplly REcatignicorpeat paitseamprisingigogen,

POl 1 Sh g GOSNk Al 1 A8 cohIE 0B RRE SEHORGLs S0 Rz

nitride renov occurs, rrn 1o of°silico tride

- renoval ainind gratipOfTisd Basicamiad goupeorn qiaterrized afinegtdupasan Belugichigot he

overall polishing rate for the substrate bel ow useful |evels, "

[ 0035] THESOERATREH IO REHSIBISIHE: It atpocsHttatipfr theprsiopiedrodyragr to fpg 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



salt. Preferred inorganic halide sal ts.include al kali nmetal halides
(e.g., sodiumhalides 10 and/or pot as%i um hal i des) and ammoni um

hal i des Preferably, the halides are chlorides, brom des and/or

i odides. A particularly preferred halide salt is amoni um chl oride.

[ 0038] Typi.cally, the iporganic halide salts are_ present |in the
conposi tREPRIF RORMEAROGIFE! %r%@er%wgﬂemﬁlsg%%{pﬁmhx@%m et{i@%a%m

In sone J il B i i 1% qPr ¥ anmpunt in
he T ande e s e R G A i) i)

conposi tpobyimefitacytalyloxycthpltamshylanoherdemacldandoxyl i ¢ aci d, preferably
an am no rboxyl i c.acig: rboxylic acids us I. in the polishin
comost TR o6y e i e sl Poutes e
salts. ?@%(Gﬁ’jfﬁ%&bl@),%6iﬂviﬁ§1@¥ﬁ&nﬁgéﬁ 8hd gﬂmﬁﬁﬁﬁnfnup ClioRNHefesbH Rise

sel ected fromthe group consisti of hydfoxyl, carbonyl, hal agen,
am ne, aadomt pelygenisqwhesiyiénegmmeonat i ¢ het er ocycl e. Exanpl es of

sui t abl boxylic acids.include acetic,acid ropi eni.c, aci d

bt yr 1 o 190781 bl ROt I e Ao ot an B AR E BB Rt o

tartari Godsibtthg dsséhtinlly 8Emenoék Rembfsiag kel fors@h ifgﬁddpk.? Saférflum groups

“anthranilic acid, citric acid, g!gcol ic acid, fumaric acid, lauric

aci d, pyemprise asylfir akane sphistituied with greoeabeneatpms.aritythegniing Hew daving @
acid, 2-nvii di r i - i .1 di G i

ol vi no oAy REEE NG P Blathol &5 ofRufifiil PLIDER Al At

deri vat iceaprisingrseldbnivmardwpstahediedbsedand. 8. daldnn 415283841 her eof

00401T I i shi iti , Cf i i tabl t of
e car UBST e BeresoaRBet ot Sy VG B AR SRR BERITRe pprm
or nore 4 ﬁsi&ingdé%‘ﬁﬁllylgf ﬁlgn&ﬁ%tcoﬂagﬁgnggmsphgﬁiﬁfneér%sy zf]hf)gtﬁglgﬁiglgrggﬁtouﬁi

carboxylic acid present in the polishing conposition w
1000 pprecoprises ph¢sphorops atoousubsiiioted prithofout ebon gpmapwiil the@hognherans

~less). [0041]1t will..be appreciat.ed.that the aforenmeniioned .
o Doy 4 Bhying b g PE, TSo RS it Barl o HRO R PRI fod capionis, ¢

an anmoihéHBng EomBisiddighospliciium @Fous bfb difloses i UR Patet 5,889,611 her eof

For exanple, tartrates include tartaric acid, as well as nono- and ’

di - sal t 4038 eoln Wi ptheembedimentsy the gtioric bemherolymen aaibsg trasitien metal

functiongl gr Lot i ' asic
funct 1 oo e IngE e ke Libebp o icople, Ayl caphurth MRS
nonoaci ctageit sligdieertdpeéias fuvhrastipdy-abhanmusieshibaidel” whiak refers ¢c@a class of
function h as . an acid and as_a cheati agent (e.g., certain am no
aci ds aﬁam@alwm@}n ProgedeiTHch ama&wicgl% _ F_ga%%%?ngoévlyefe%@? BHD B3t
di f 1 er enfqfyngt bcifsing Pt ¥ tROhishly Affofi BRESH s OF alufdiurk 2O BEX Y- Gmitfed

in conjunction wth the cationic polyner Can enhance sel ectivity for

renoval eshmplekio€ ransiticnrmetel oligopreef @ dmuel inofor exaoviae, ‘Congiréhiensime

by supprBen i 1 s R imobar A e S BT RS g "
further reaghnkin Fi8és (19es5)pH of the system and inproves the coll oidal
stability of the polishing conposition 11 [0043]The polishing i
conposi tHBFPlopt AdmmtiyelT.in soias cobagimostsshopasionic pRYBEDTRe Asatplymess.
Such addj ti i.ncl | tabl rfactant and/or r (o]o]!
ot %g*?n@%?%giaﬁgﬁ%ﬁ%&%ﬁ%%gﬁ%g%%ﬁ%%%g@i}%ﬁﬁt O%%g%}l%ﬁinéhf
(€.0., ROleasdnc@atitlgo b@ar caapiseoeit Sthag 80 e t@olan&ranl £molar
ur et hane pol ynmers), acrylates conprising one or nore acﬁ/l ic subunits
(e.g., \napiyior abaujPAtecy less @f theysopplymst py p stclanbasign dhp sptjarg aud nonionic
" copol y : g&?% eof Suitable
surfac%ﬁo@éggf%}&e, opﬁ%@é;rgr%ﬁgc acng?ﬁgﬁl?%&gaéﬁécr?ant s, anionic
surfact 40030] anFornéxamptd, ytel caddmio nydnemer narboamysuitalslt aaticiid sonomer(s)

anphoteric surfactants, fluorinated surfactants, m xtures fhereof,
“and t he 9ompa&ising 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 can be incorporated into a ring structure. Examples of cationic monomers useful



[ 0044] The polishing conposition optiongally can further conprise a

bi oci de. The bi oci de can be any suitab!e biocide, for exanple an

i sot hi azol i none biocide. The anmount of biocide used in the polishing
conposition typically is about 1 ppmto about 500 ppm and preferably
is about 10 ppmto_about 200 ppm [0045] The polishing conposition can
be prepak & %’Weéh?f thginvaptien H?u befirse nofdipitest togHAMCHRIBS K nown t 0

t hose s d
s Dot it Blhm e Bt B R R ol P ETERS
CONposi tmelhaomﬁnylbmq»h;d@mmlbqnzykanhmnmg chlcoelde ozvmmtmeaﬂlyl inbénagfatd, n
any order. The term?"conponent " in jinclu s i ndi vi dua

i ngr edi it S ANEORropy Therethecripiein EaZ)O Qd i xnda%e aea%.aﬁat ion of

i ngr edi effigodnfin&k. THRWaHSnic BRREHersidh fc@i&})ﬂ% sculfo‘ﬁﬁﬁn And é&gﬂ@nﬁﬁﬁ groups.
exanpl e, the cationic abrasive can spersed 1 n er  The c nic
honopol }Smﬁonmm goppd andenhosphooiugagioophalifabie feaincorparation pitd (ﬂmadopolymers

Capabl & BF o At FOANORG Preaatngn Rcan Fonomias pvShrge

conposi t[pe31] ThendPsdnishé Hﬁn6ﬁ>1€i3<f§ﬂ etxh ?lec 84h &eax@rs%aﬂe ﬂoﬂbhi‘érmérfbn&é‘i@),
wi th one or nore conponents, such he cationi c honopol yner or

copol ynercludidg bef rop liptied pbpﬂiyhn@gorwmsethmne pxide, noeifydene axsde, ptarege,
W thin %ﬁl%ﬂt?r&p}:ﬂ?gdg §%lglglec?rgn&11%§x ar .w. thin about 1 hour before use,

or wthi ore usé(BlreStFﬁéeo 'H can be adjusted at any

sui t abl goe32pe. mhtecamohic%p@]gmﬁamﬁ prepited@bp ancanitabe teuhaRpectoby
m xi ng the co onents at the surface of the substrate during the

pol i shi IF§ABPIEr B iCERPIYRO0EP PRHECHISEY BN fisg TaditRbosheniomnianie ok awdﬁésaﬁon
provi ded,as, Qi 608¢ e»n#er (%g?lg“’ﬂa'r Cth bSa fa%@&%ﬁol&ﬂue? ealt@fn'aﬂ%%@o r%ﬂ

appropriate anmount r prior to use. such an e

pol i shi rpgnodutrpqmlymmbmhcemlymee(ecga,m&omam ABQ ealt gmﬁcropalynms,lore a
cationic h nmer, or rboxylic [ d, water jn
amoUnt s CBOITOPHATIer [Bor AP RGO B e e HbeaPArEs hy AR afon. sestafon,
appr opr icaoRky Eﬁ'&'ﬂ rbtr oftfer WRdSikal r@%’@n (719'69&8?%‘ Blt&fthé SRuthRly! $idEdigty, or other

conposi ti on "Wl be present in the polishing conposition in an anount
Wi t hin PhESlﬁﬂi@a@pthmifﬂmc@P@hIn@B reci ted above for each conponent '

For exa t cat.i oni c,abr s ve ation

copol ymi0BLng T BB At 34 ol pioTShnd SRR RED Bl bassry o
in an arbigble i\?b?dgelrﬁola&iﬂartwéigﬁtl Mel(ablygthe qationit pdlykiefmall havodi avdrage
ti mes, or about times) greater than the concentration recited above

for eac Wl%@?%r‘f\?riﬁht@é byl , 000 aktopner meredE s rahew 5,00 alinns 4T Worh oan
equal V%l)&%OQfOO‘T%I@BS ()xlemgre 012 b%g&'% OU(?bHR&‘?S M&F o)r%vea ut YQ(B Yo S

of water, or %4 mes ot wat €r, respective conponent.
will be Dnltememtmon)t he polishing conpositi on in an anount within the

th ab f h t th |
ndor ot 3504y« FsZanei of bl pobn n T RefbipecompRR R AGEALE Sk Becan
cont ai N g QPRHOBAH A EpJ1)Rst 'Wﬁer?fhetcaﬁ'oﬁﬁ@?gfynﬁ[' RSLkiohie HolRpblyRfk or a

pol i shing conposition’in order to ensure that the cationic
homopol yatéeniocopobyyadryoemprisingtal tastione aathmngmooomcx ahd adhadstorrtearonionic

sui tabl e addltlves ar.e east partia or fully dissolved i.n the
concent PgmeoYRRrie PlionRaRneRRE Fofortes M dasePe b fe diamie

- chem calcbyolmeh@m ﬁ@hdr%aﬂ@'théhﬂx@gnﬁuﬁ&&%ﬁ&h@pﬁmf irSthB@olishing e
contacting a substrate with a &mlshl ng pad and the polishing

conposi tcPBRotBerisiabeet hbppmrio akerd S0ippm keaed pmHertelabwtight ofghe mahshmg

oommoct PO Bl LPRuRA PG AUET BRIl B b O
subst r atiegt abqellipph éheore)bShusaihe a[frﬁﬁlﬂec}frdaaometpbt;@h@ﬁn theeolishiggt i on
can be used to pol ish angqsw tabl e substrate, and s especially

useful FCOMPRHIPREANRS P RPELo aBPR S APAY (es8-1 ahoshl APMIte gkow Al ppm), or
-about 2 ppm to about 35 ppm (e.g., about 3 ppm to about 30 ppm). When the cationic

polymer is a cationic copolymer comprising at least one cationic monomer and at least one



conjunction with a chem cal - mechani cal, pol i shi ng appar at us.

Typically, the CVWP apparatus 13 con‘pr?ses a platen, which, when in
use, is in notion and has a velocity that results fromorbital,
linear, or circular notion, a polishing pad in contact with the

pl aten and npving with the platen: when in notion, gnd a carrier. that
hol ds a NETH9BICGTHPEOTS, Wherpy) the sasipnigmerpmelcompE semd “mkierigfrthe eationke t o
the sur fgedyfbr b0 nRMbSHL e At HREaRRS SIUAG Bind ASlihHRRbERbStion

t akes place by the substrate Ing pla n"contact - wth-the _
pol i shi rgn padban €. 1t ypen padbiosh2 (igpoaipesi ¢ tha tahl wdightiofvienpdlshingnd t hen
t he poli shi ng‘gad novi nqlg] rg{)@tive tO‘aﬁjlhe substrate, sp as to rade
at | eastRPRYHPTolf YL phemEYHEIcy iPieaY Skt FEptn RECAioBL olymer YRGS A
subst r abgo@aN Hsink aBRk DESEPpRT(e.BO bboﬁig%q)p\m fombhﬁ@otﬁr}ﬁ)gﬂ)%gﬂ %Haﬁt:mﬁsrﬁ%

“pol i shing conposition with any Suitable polishing pa . 0.
pol i shi o5 ape) (e.gSuibvetid Oepppotd ahouht0(ems). i Ihtlewdwunt of the gatimpice,

woven and, non-wgven..pol i shi ng.pads. reqver, i.table | i shing pads
can combP PR L heolitting EOmpTYANIS ko 103, e gosERe Y Cpebiromadution o7
t hi cknesige catidfRRHMdi$ bbsérveabif the ¥mbant IR oHIR YO yeRFRA BfeSJoliBhingnd
conpr essi on nodul us. Suitable polyners include, for exanple, )

pol yvi nyP@Rpgtieriis, tog bigh/they pynpuessiog of sitigpwaitridq rgmoyelnosens, thus lowering
pol ycaf,gl?m% of ﬁ‘ﬁkgxﬁﬁﬂ&{e’ re&?lﬁﬁg 'Eﬁ/alt af SncﬁP&iXﬁ%Q FermoxBi),laX ?Jeﬂyals g&ﬁming the
pol yam de, pol yurethane, polystyrene, polypropylene, ’coforne

pr oduct svédapetishingrute for esubsirdthbelewfusefuORselsDesi rabl y, the CW
apparatus further conprises an in situ polishing endpoint detection
system 3% of Thsatinnighemerginerhandatignic condumass i die inyentiondpaddssng
and noni - : Fshi | . i Lah Iy: Qb

radi ati g«%&?fgg ?‘e%tr%gpﬁ go?nlilgﬂgﬁa?g) g@g&%} ﬁ%ﬁ@%?{ﬁl?g%éetbg{r%oﬁ r%o\%n%&ﬁ% tl%ehe
art. Suchemeahwmdshaaical pldsbinglyd dubstrates emappsieg silinorLhiideRaklesilicon oxide.
5,196,353, U .S  Patent .5 433, 651, .U S, Patent. 5 609, 511 .S. Patent
5! 643 0} thpiscolhighig agrepRBaiag st tiskubitic doolpgiat pfidingoay ant
S5, 838, 44:3mpb‘si§enﬁ§§&%lre@tc3§o%ie@3§izmﬂér§oliﬂﬁﬁ§ﬁérf(§m§1%% 2k Wmphked-to Palighitlg
5,949,927, and U S. Patent 5,964,643. Desirably, the inspection or
noni t or icAGPeSitienfecopigingsatigric hpraopelymsts Adpspitopessibladisadvariegrsef at o a

vor kb1 o5 gkt RSO ENERGR MPEH05 S BITRHLOR Bph 8 Bl 1o

end-poin m nation o en ermna I'shi ng
~ pr ocess heiropolyarpseiatpolishifg pahpdsitidngd) sueh bk pose afd supPBH3qUikendned, tievgrager
exanples further ilJustrate the invention but, of course, should not

be consPrasEdeHachigyablgyn fppuigtionof thy nofishiag sprapogitamnsdpywetigheex anpl es
bel ow, S0 , s hi ; |l 50.8 cm
(20 1 o R P Bl g e Y RN or o

pr essur edudntigeeusinizstneaireumstancest t he pol i shing pad, 60 rpm pl aten
speed, mcarrier speed, 200 pl/m olishing c osition flaqw
orer alibile offd netisnh SEimatinms hapoet Bowl et (L qrtout Ba teep
pad. 14 &ANRL BelpoliOfRe LdhpssittortRlaH s PNt D6r fbfeEls. Aboli RGNS
anounts of a pol yet hyl enei m ne having an average nol ecul ar wei ght of
2000 Dalab@#s’ @rmere meregseitrablys theipotiphing complesitiamdhasialptt ofabgiiok fade

layers oSG ME%L. Whbit 4 BB &) Hr8Pof RS A R Wptibily AV GHstR
’ adjusting agents, for example, pbtassium hydroxide, ammonium hydroxide, ‘

alkylammonium hydroxides, and/or nitric acid. The polishing composition can optionally

comprise pH buffering systems, for example, ammonium acetate or disodium citrate. Many

such pH buffering systems are well known in the art.

[0037] The polishing compositions of the invention also comprise an inorganic halide

salt. Preferred inorganic halide salts include alkali metal halides (e.g., sodium halides



[0056] Simlar silicon nitride |ayers ﬁﬂd silicon dioxide | ayers were
separately polished with six different polishing conpositions
(Conpositions 1A-1F). Each of the conpositions conprised 0.4 w.%
ceria and 400 ppm of 4-am nobutyric acid at a pH of 4.9 in water
Composition | A (control) contained no further ingredients (e,g., no
pol yet h;ﬂpé/ﬁépﬂﬁaﬁﬁé‘)mﬁlé&?ﬁb%ﬂdt qrpmeniy. hegides. Rreterabdn fhe %ﬁlkdﬁ%@re@hﬁﬁé% ed
var yi ng \2omiiat sndbr i8Rt RphARE1aH e I infindd ide.

Fol | owi ng use cé)? trhle pofi s%%ﬁ%ﬁgg#g)oesf???%%{s{dfe? éilréﬁs%@?%-oﬁ}nﬁﬁhgoﬂ ge

(" ni tri d8038]andTgpitalypthednaghme halidedatie de presepivialthe etng®sit@nen an amount

determ ned, and t selectiviti - defined as the ratio of the . .
a1 11 con T vk QfGBar CB g by PR PPBgl S bl offe osiati ide s
The resréseni@h@n$Blouhhithe falgd 8Rdwuil200T@BbEuts00Ephect of increasing
| evel s of polyethyleneimne on silicon nitride and silicon dioxide

removal [Pe3%s Poh¢ pHlishmecomposition optically etthglse melude neattPRyli¢ 3cid t r i de
ot (A S B AP R B posion
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-containing aromatic heterocycle. Examples of
suitable carboxylic acids include acetic acid, propionic acid, butyric acid, benzoic acid,
formic acid, malonic acid, succinic acid, tartaric acid, l‘actic acid, phthalic acid, salicylic
acid, anthranilic acid, citric acid, glycolic acid, fumaric acid, lauric acid, pyruvic acid,
stearic acid, chloroacetic acid, dichloroacetic acid, 2-pyridinecarboxyli¢ acid, 2-
pipeﬁdinecarboxylic acid, glycine, alanine, 3-aminopropionic acid, 4-aminobutyric acid,
derivatives thereof, salts thereof, and combinations thereof.

[0040] The polishing composition can comprise any suitable amount of the carboxylic
acid and When present typically comprises about 10 ppm or more (e.g., about 10 to about
1000 ppm). Preferably, the amount of carboxylic écid present in the polishing composition
will be about 1000 ppm or less (e.g., about 800 ppm or less, or about 600 ppm or less).
[0041}] It will be appreciated that the aforementioned carboxylic acids can exisf in the
form of a salt (e.g., a metal salt, an ammonium salt, or the like), an acid, or as a partial salt
thereof. For example, tartrates include tartaric acid, as well a\s 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 example, glycines include glycine, as well as
monoacid salts thereof. Furthermore, some carboxylic acids can function both as an acid
and as a chelating agent (e.g., certain amino acids and the like). |

[0042] The carboxylic acid can serve one or more different functions in the polishing
composition. The carboxylic acid in conjunction with the cationic polymer can enhance
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 silicqn
dioxide removal. The carboxylic acid further can buffer the pH of the system and improves

the colloidal stability of the polishing composition



3.1 1C (invention) 2 930 180 5.2 1D (h vention) 4 920 90 10.2 | E
(invention) 6 350 60 5.8 1F(inyentio§| ,

[0043] The polishing composition optionally further comprises 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 eiample, cationic
surfactants, anionic surfactants, anionic polyelectrolytes, nonionic surfactants, amphoteric
surfactants, fluorinated surfactants, mixtures thereof, and the like.
[0044] The polishing composition optionally can further comprise 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 about 1 ppm to about 500 ppm, and
preferably is about 10 ppm to about 200 ppm. ‘
[0045] 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 ingredients (e.g., acids, bases, etc.) as well as any combination of
- ingredients (e.g., acids, bases, surfactants, etc.).
[0046] For example, the cationic abrasive can be dispersed in water. The cationic
homopolymer or copolymer. inérganjc halide salt, and optional carboxylic acid can then be
added, and mixed by any method that is capable of incorporating the compqnents into the
polishing composiﬁon. The polishing composition can be prepared prior to use, with one or
more components, such as the cationic hOmeolymer or copoiymer, added to the polishing
composition just before use (e.g., within about 1 minute before use, or within about 1 hour
before use, or within about 7 dayé 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. .
[0047]  The polishing composition also can be provided as a concentrate which ié
intended to be diluted with an appropriate amount of water prior to use. Insuchan -
embodiment, the polishing composiﬁon concentrate can comprise a cationic abrasive, a
cationic homopolymer or copolymer, a cafboxylic acid, and water in amounts such that,
upon dilution of the concentrate with an appropriate amount of water, each component of

the polishing composition will be present in the polishing composition in an amount within



10 24 10 2.4 [0057]As is apparent frgzﬂhe data set forth in Table
1, increasing the amount of polyethylefieimne fromnone up to 4 ppm
resulted in a negligible decrease in the renoval rate of silicon
nitride, while the renoval rate for silicon dioxide decreased by
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The r esubpcsially @isafal fok polishingsubatbdtes éhmprising silicon nitride and silicon dioxide.
Suitable substrates include wafers used in the semiconductor industry. The polishing
composition is particularly well-suited for planariziﬁg or polishing a substrate that has
undergone shallow trench isolation (STI) processing. STI processing typicaliy involves
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 subjected to planarization until the surfabe 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 STI
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.

[0050] The polishing. method of the invention is particularly suited for use in

conjunction with a chemical-mechanical polishing apparatus. Typically, the CMP apparatus



Table 2: Effect of different cationic polyners on silicon nitride and
silicon dioxide renoval rates Polishir}g Conposition Nitride Rate
(kmn) Oxide Rate (A/mn) Selectivity 2A (control) 1012 558 1.8 2B -
(invention) 861 33 26 2C (i nvention) 876 65 13

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 plraten when in motion, and a carrier that holds a substrate to be polished by
contacting and moving relative to the surface of the polishing pad. The polishing of the
substrate takes place by the substrate Being placed in contact with the polishing pad and the
polishihg composition of the invention and then the polishing pad moving relative to the
substrate, so as to abrade at least a portion of the substrate to polish the substrate. |
[0051] 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 include, for example, polyvinylchloride, polyvinylfluoride, nylon,
fluorocarbon, polycarbonate, polyester, polyacrylate, polyether, polyethylene, polyamide,
polyurethane, polystyrene, polypropylene, coformed products thereof, and mixtures thereof.
[0052] Desirably, the CMP apparatus further comprises an in situ polishing endpoint
detection system, many of which are known in the art. Techniques 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, fof example, in
U.S. Patent 5,196,353, U.S. Patent 5,433,651, U.S. Patent 5,609,511, U.S. 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, i.e., the
determination of when to terminate the polishing process with respect to a particular
workpiece. o

[0053]  The following examples further illustrate the invention but, of course, should not
be construed as in any way limiting its scope. | |

[0054] In the examples below, unless otherwise noted, the polishihg runs utilized a 50.8
cm (20 inch) diameter polisﬁing tool with 27.6 kPa (4 psi) downforce pressufe of the
substrate against the polishing pad, 60 rpm platen speed, 56 fpm carrier speed, 200 mL/min
polishing composition flow rété, and use of in-situ conditioning of a concentric grooved |
CMP pad. R
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1E (invention) |6 350 60 5.8
1F (invention) 10 24 10 2.4

[0057] As is apparent from the data set forth in Table 1, inéreasing the amount of

polyethyleneimine from none up to 4 ppin 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 silicon oxide removal rate
increased from 1.5, with nd polyethyleneimine present in the polishing composition, to
10.2, with 4 ppm of polyethyleneimine present in the polishing composition. Increasing the
amount of poiyethyleneimine in the polishing composition to 10 ppm resulted in a

significant reduction in the removal rate for both layers. Thus, the results of this example



17 Table 3: Effect of cationic copol yner of silicon nitride and
silicon dioxide renmoval rates Polishing Conposition Cationic Polyner
Amount (Prim Cationic Mononer Mole % Nitride Rate (A/mn) Oxide Rate
(Ahnin) Selectivity 3A 20 5 1008 2000 0.5 :

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

[0058] - 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.
[0059] Six different polishing compositions were used to separately chemically-
mechanically polish similar silicon nitride layers and silicon dioxide layers (Compositions
2A-2F). Each of the compositions comprised 0.4 wt.% ceria and 400 ppm of 4-
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 polydiéllyldimethylammonium chloride
(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 Daltons). 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 to

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

Table 2: Effect of different cationic polymérs on silicon nitride and silicon dioxide removal

rates

Polishing | | Nitride Rate (A/min) | Oxide Rate (A/min) Selectivity
Composition

| 2A (control) 1012|558 ) 1.8
2B (invention) 861 33 26
2C (invention) 876 65 13
2D (invention) 1023 85 12
2E (invention) 1200 156 7.7



3B 20 15 1005 1732 0.6 3C 20 30 1009 ggl 1.2 3D 20 100 497 56

[0060] 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 2B) 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 control polishjng composition. 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.

, EXAMPLE 3
[0061] This example shows the effect of cationic polymers comprising different
proportions of a cationic monomer and nonionic monomer on removal rates for silicon
nitride and silicon dioxide layers observed with the polishing compositions of the invention.
[0062] Five different polishing compositions were used to separately chemically-
mechanically polish similar silicon nitride and silicon dioxide layers (Compositions 3A, 3B,
3C, 3D, and 3E). Each of the compogitions comprised ceria and copolymers of acrylamide
and diallyldimethylammonium chloride (“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 copolymeriwith acrylamide. Composition 3C contained 20 ppm of a
30 mole % DADMAC copolymer with acrylamide. Composition 3D contained 20 ppm of a
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 ratio
of the silicon nitride to silicon dioxide removal rates, were calculated. The results are set -
forth in Table 3.
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used to separately polish wafers conprising silicon nitride,
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silicon nitride relative to polysilicon.
~ improved the selectivity to 8.9. The use of a greater amount (1 e., 100 ppm) of a 30 mole %
DADMAC-acrylamide copolymer (Polishing Composition 3E) improved the selectivity
ratio to 16.4 with a negligible effect on nitride rate. Thus, the results of this example
~ demonstrate the effects oh removal rates for silicon nitride layers and silicon dioxide layers
achievable by the polishing composition of the invention.
v EXAMPLE 4
[0064] A slurry comprising about 0.2 perceﬁt by weight ceria, about 7.5 ppm of
polyDADMAC (weight average molecular weight, M,,, <100,000 Daltons), and about 500
ppm of ammonium chloride, in deionized water a pH of about 5 was used to sepafately
polish wafers comprising silicon nitride, borophosphorus silicate glass (BPSG), ahd
polycrystalline silicon (polysilicon). The polishing conditions were as follows: 3 psi down
force, platen rotation speed of 63 rpm, polishing pad rotation speed of 57 rpm, 100 mL per
‘minute slurry flow rate, on a Mirra CMP apparatus using a standard polyurethane polishing
pad, polishing time of about 1 minute. The composition afforded a silicon nitride removal
rate of about 877 A/min, a polysilicon removal rate of about 248 A/min, and a BPSG

~ removal rate of about 3709A/min. The ratio of silicon nitride removal rate-to-polysilicon

removal rate was about 3.5:1. These results demonstrate the effectiveness of the CMP
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t he nethod conprising the steps of: (a) contacting a
surface of a substrate with a poli shi h‘é’ pad and a CMP conposition
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cationic abrasive, a cationic polyner, an inorganic halide salt, an
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nmet hod of claim1 wherein the cationic abrasive is sefected fromthe

group conss$tatedgcafer Abthrtheisipgulint andi the ploral corésa otheewisa indagateddepan or
silica. 3. The nethod,of cl ai erein the catd onic, pol r,is
el ot ed PR HPPREIGF B o uRuT She NGTSr CamBiRPEn B RAvoOr e, B
cati oni ccoRpiRingFe ©HEROIhSHRE adbpérafied ¥thsGRS.| ﬁ@hﬁn?ﬁﬁl@lﬂﬁfnﬁ%ﬂ- net
| east one nonionic nononer, and a conbi nation thereo _ . The
met hod dimiéddzp) unlgssertedrivisemetedatResitiongfrangey ef vdugsrheseinard merehye

conposi t] i I he..r an f.about.0 01 10
per cent 1{6@&\1/\&8{18 ﬂs‘%vgq%%o@ IeneFrl%?t hoéefgwn(,gl lﬁéﬁﬁ%‘@a@%%’r eealcﬁlgé) %%at(g‘é%l}l%ni c
pol yrer fhl$ing methethe iringeén] 663 ot ise ditliédledElieréifpandt eathn sépagatd ddigeisof
about 0.1 to about 500 ppm 6. The nethod of claim 1 wherein the -
i nor ganileeorRATRigE intg the spscifeasion s if 1§ werrindbigipdly recdisd npreh AMdisHods n
the r ?‘”Qi%ﬁ&fbeﬁ/g%in éa?x%e&]% i in]aﬂg‘gui?ﬁﬁé orfier ﬁ}ﬂe&%&ﬁk‘?@is%fi%&i&&%ﬂ&ein or
wherein the conposition further conprises an am nocar boxylic
aci d. 8.ofharwesicteatly wentteinitedby poitexhiTheg ufddfiany red b dxdoples @ exdmpledyy
ﬁg[ ﬁgld n g}sgll}:aéé&nrﬁg,nishé{ gs?blbrgv%lpg grrelens, ?sni(t:l?en Z:d rsnlell'ell}(l: t%q)e(tjtlep ﬁllugl?r’laté ’H‘-%
~ invention and does not pose a limitation on the scope of the invention unless otherwise
- claimed. No language in the specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.
[0069] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
- embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
Variatiqris thereof is encompassed by the invention unless otherwise indicated herein or \

otherwise clearly contradicted by context.



(a) contacting a surface of a substra § conprising silicon nitride
and silicon dioxide with a polishing 3 d and a CVP conposition having
a pH of about 7 or less, the CMP conposition conprising a cationic
abrasive, a cationic polyner, an inorganic halide salt, an aqueous

carrier; b) causing relative notion between the polishing
pad and WH@E%%&‘&E@I% a portion of the CMP conposition -

t herebetween to abrade silicon nitride fromthe surface at a renoval

rate in the range of about 6 to about 60 tines the rate at which
silicon dioxilde i ¢\ disiedunechapiralmelishipg £eMP) methay farpolishing gubstrate,
cl ai m 8 yherel £.C ggﬁ it further conprises an amocar boxylic
aci d. t E%B&X&@ﬁré%‘lﬁ a Ssltn%%%gm cal polishing (CW) nethod for

sel ecti vel y abr adi(@goatdcticga sufdceiofle subistriateevith & pelishéngypadpat wiNPcon,

t he met hod canprjsi.ng the ste of : .a) contacting a .
surface Csmpamggfbémﬁ %PQ&F&LP@%& gty the 6MP P?@paéﬁ%h@%}% 3 FHLgpic
with a pelisRl DeiBaR Rivné, SMRoARARABIINE 041, BRYERDud QT about 7 or

| ess, the CMP composition conprising a cationi ¢ abrasivé, a cati oni c
pol ymer, an i nor g&b) cukiag rdetiwahotjondreteicpnetbe poleshing mad;and the substrate with

b) causing.relati tion.bet n . the polishi ad and t
Subst 1 apwigrrodhe R R R, Qs o el A e grtace.
abrade silicon ni tihicGeethdddn d4s SWhéremahatatfbniCiB¥sdle ik 8é16cteX &8LtheJ
the rate at which polysilicon is abraded fromthe surface. 11.The

met hod @oup conpisting qfirdvming, titaeiacaraoois eqrgnanddanedsilicanpri ses an
am nocar boxyl3i. ¢ a(’;Iihg ‘method of claim 1 wherein the cationic polymer is selected from the
group consisting of a cationic homopolymer, a cationic copolymer comprising at least one
cationic monomer and at least one nonionic monomer, and a combination thereof.
4. The method of claim bl Wherein the cationic abrasive is present in the
composition in an amount in the range of about 0.01 to about 5 percent by weight.
5. The method of claim 1 wherein the cationic polymer is present in the
composition in an amount in the range of about 0.1 to about 500 ppm.
6. The method of claim 1 wherein the inorganic halide salt is present in the
composition in an amount in the range of about 100 to about 1000 ppm.
7. The method of claim 1 wherein the CMP composition further éomprises an
aminocarboxylic acid. |
8. A chemical-mechanical pdlishing (CMP) method-for selectively abrading
silicon nitride in the presence of silicon dioxide, the method comprising the steps of:

(a) contacting a surface of a substrate comprising silicbn nitride and silicon
dioxide with a polishing pad and a CMP composition having a pH of about 7 or less, the
CMP composition comprising a cationic abrasive, a cationic polymer, an inorganic halide
salt, an aqueous carrier; ,

(B) causing relative motion between the polishing pad and the substrate with
a portion of the CMP composition therebetween to abrade silicon nitridé from the surface at
a removal rate in the range of about 6 to about 60 times the rate at which silicon dioxide is

abraded from the surface.
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9. The method of claim 8 wherein the composition further comprisés an
aminocarboxylic acid.

10. A chemical-mechanical polishing (CMP) method for selectively abrading
silicon nitride in the presence of polysilicon, the method comprising the steps of:

| (a) contacting a surface of a substrate comprising silicon nitride and
polysilicon with a polishing pad and a CMP composition having a pH of about 7 or less, the
CMP composition comprising a cationic abrasive, a cationic polymer, an inorganic halide
salt, an aqueous carrier;
(b) causing relative motion between the polishing pad and the substrate with

a portion of the CMP éomposition therebetween to abrade silicon nitride from the surface at
a removal rate exceeding the rate at which polysilicon is abraded from the surface. |

11.  The method of claim 10 wherein the composition further comprisés an

aminocarboxylic acid.



