; e3e, R~V6Tne 3 SPECI FI CATI ON  CWMP ABRASI VE, LI QU D ADDI Tl VE
‘FOR CWP ABRAM’MM’WM&%D FOR POLI SH NG SUBSTRATE 5 Technical Fi¢f 9 JUR 2003
invention relates 10 abrasive usable in the production of

sem conductor el éff¥f#'s, a |iquid additive for CMP abrasive and a nethod for

polishing substrates. 10 Particularly, it relates to a CVWP abrasive usable

in the step of planarizing the surface of a substrate, typically the steps
of pIanarM@W“ﬂ”ﬂ“Mﬂ Mrrlayer i nsul aSPRQIFLICATIONd formi ng shall owtrench
separati o d additive for the CMP abrasive and to a nethod for

pol i shi ng subgéisat es by using 15 the CWVP abrasive. Background Art In

present ultegpl 88ARs36R LU RDBETEVE CHOR SeMPakERAS POE RIS | f¥TiSD FOR
i ncreasing, and various fine processing 20 techni ques have been studi ed and

devel oped. Design rul es have al r BQH}SHENEh8UBSHRABEder of sub hal f micron.
CWP (Chem cal Mechanical Polishing) is one of the techniques devel oped to
satisfy such a strict requirenent for fineness. This technique is essenti al
for the pro@lechnonadf F2818emn conductor devices, typically for planarizing

interlayer insulating fil n hal | ench_separ af i bec eit
can conpletely p?éﬁagfgsnpggerge§§£8§ gép%!%%% $§ru§%ﬁ§ ?%%QE%r @n@%%
exposure tephnidquesoandfstabitpringtbheepenednts| oa Yiguidd 38dCoivei fak

silica abrasjyes, have been.investjgated _as commpn CMP aprasives to be used
T the prodilf: BREBFIYBuAEGNA.E SPOTet PEoBo Lo RTaRar OB EF AL Bani ¢
irsulatimg Parmecusaehyasisi tetaneexitdeai OMBl abragivé| usabbened bhe step

pl asma- CVD em cal  Vapor position), | ow pressufe-CVvD or the like.

Col | oi dal sé%?gggﬁﬂfé§ﬁsgstﬁgysﬁﬁ%6F8d8£ea 5§£St§a~e~1§Yp?9Q££z~£hﬁsing
silica partisekps, oshpthnareziypi eal ixtberapdriinsulgtinghtormsahane t hrough
t hermal deconposition, and adjusting pH Such abrasives, however, cannot

pol i sh i nor §9RATERY EWIAPF B9 SePastt Tough, @ ahiiHee 89A1 ghes T8Tpbhe sHifthg
rate for thebiragi®et agadl tdse. mkBhobat EgEapeUihifyi ssv¥tiatdesbgnusuhgs. of
0.5 ,u.mor nore, devices were separated by LOCOS (Localized Oxidation of
Silicon}? A§hﬁh€MBr69§§§Fﬁﬁ'neasurenents have beconme finer, shallowtrench
separation has becone used in response to the 10 requirenent for a

t echni que giving narrower separation gap between devices. For

shal | owt r eRERFXIERHPGt A5/, the surplus parts of a silicon oxide film forned

on a substrate aff present ultra large scale integrated circuits,
packaging density is increasing, and various fine processing

20 technigues have been studied and developed. Design rules
have already reached the order of sub half micron. CMP
(Chemical Mechanical Polishing) is one of the techniques
developed to satisfy such a strict requirement for fineness.
This technique is essential for the production of

25 semiconductor devices, typically for planarizing interlayer
insulating films and for shallow-trench separation, because
it can completely planarize layers to be exposed, reducing
the burden on exposure techniques and stabilizing the
production yield.

30 Colloidal silica abrasives have been investigated as
common CMP abrasives to be used in the production of
semiconductor devices to planarize inorganic insulating
films, such as silicon oxide insulating f£ilm, formed by
plasma-CVD (Chemical Vapor Deposition), low pressure-CVD or

35 the like. Colloidal silica abrasives may be produced by



rempved by CWMP, and a stopper filmreducing the polishing rate is provided
sunder the silicon oxide filmto stop 15 $olishing. The stopper ﬁLI S
typically nade of silicon nitride, and the rates of polishing t QQ}MNOﬂEJ
oxide filmand the stopper filmare preferably in a large ratio. \Were
conventional colloidal silica abrasives are used, the ratio between the
rate of polishing the silicon oxide filmand the 20 rate of_ polishing the

st opper fiYsARe B5liGalIPagkiches ordRichiare BRI JHRERSY ST Bnnot

satisfy the, fRh1SPEE PaRl PRhAGhIRAEnSHRAT AXEdd i SERRT afd@n. On the
ot her hand, cerium oxi de abrasiveS have been used for polishing photo masks

or the Zurdtéilesbinglnlés.) Sueh abr2Sivensdtowatst nFamwet Drkdfess as I
haraly ek aaEPe Bt Eind e PhUTAB PG SSand oolpiGRiE, PRCLT of o8

m rr or 5pol pehi sigi n¢lonever fot hehekr i praokidel alsasi ves for polishing glass

surfaces cannot_be used as 30 abrasives for_polishing sem conductors,
because they coltalPtegErtperShRtutbhtel v MiFsiatn diled t1af Hixchds @ of

| nventi on bj : t LN ' j [ G5 i 5 ich
can speediﬁ'r%blc?(g 1<g£§u€§5%6¥§§£}6§9%%f?%ﬁ%%)¢&§s’u@ﬁo€% a e@gd ﬁ%gfh%ﬁz%%g
silicon oxsdkicormhl atAngtie| prooesHbuy Mmekswrenents havretthesomdj £tnenf t he

i nvention J IOV a i i i S rface
to be pol i SiakioRtEHtatn S ChE-BEIBT NEs WELAR: RRLAPAP T ddndia thy "ot

cont adOnatregquihemgutf fice aotéehpbiuehgtving matkever netpdsat sachgas sodi um
ions, nor .vking f - h ject. of the inv ion jis to provjide a
CwvP abrasie%#h%éhcégygcﬁ%F§P§%v§%?gg%%hér?éfqkﬁﬁpﬁﬁéﬁiﬁp1r&&%a.%ggﬁ%ératio
of the ratpantspofiahsbhiaosi bxida Hiklreformsed adn g shibdtitatd catde rate of

polishing a silicon njitride insulating fil Anot her ohj ect of the
Pnvent i on TERPESH BYI F9P 5 GRP AbPRLPRRT ThITH IO S L SRS surf ace
to be pol i shed, isuphoasdad suhdeonthi slelicsnl @tideg filnmtov dtewpt 15
contani_nating.the surface tp be polished wth alkali tal s, such as sodium
Cons or - RRFH frdie TG EORPERROtiINCE kBT s B ShEef
storage stmbttidy, Anatbeke ohiestodf pdoheshivventhensikidan psovde ef 21fcVP
abr asi ve, wﬂ%cp%can sgeedi¥¥ olish a furfqéﬁ1io b olished, 20 ?%ch as a
silicon ox® g uf HPPRYT 1 ﬁ$ W T hBTE T oA i At d it Ffe Sirtce ¥iothe
pol i shed wcohivehkabhabetal 3oidathsasicadabias Dnss dmes uwedkd Notlié amstiand can
increase the ratio _of the rate 0&. olishing a sjlicon oxide jnsulatjng film
to the ratBSEPeRRI FoRi FAte GF| PEORERTRS: Hes SishCRT et i Hif randoth
nore. 20 rate of polishing the stopper film is as small as the order
of 3, and such abrasives cannot satisfy the requirements of
practical shallow-trench separation.
On the other hand, cerium oxide abrasives have been used
for polishing photo masks or the surface of glass, such as
25 lenses. Having lower hardness as compared to silica
particles and alumina particles, cerium oxide particles
hardly make flaws on the polished surface and are suitable
for finish mirror polishing. However, the cerium oxide
abrasives for polishing glass surfaces cannot be used as
30 abrasives for polishing semiconductors, because they contain

a dispersant containing sodium salts.

Disclosure of Invention
An object of the invention is to provide a CMP abrasive,

35 which can speedily polish a surface to be polished, such as a



Anot her object of the invention is to prgvide aliquid additive, which is
.to be used to give a CVWP abrasive inproved in storage stability. Another
object of the invention is to provide a liquid 30 additive f or TCBRIUN 2103
abrasive to be used to inprove the flatness of the polished surface of a
substrate. Another object of the invention is to provide a nethod for

pol i shi ng r o] trate w thout
maki ng fIa%%igggﬁtgkngmghgglggg %ifgsa%‘ %éer o%ﬁ ? gQ e invention is
to provide a neAhodher4obje9tJUN 20@31mwenpmbnshsngoapsm%sdeaaeCMmhlch can
speedily P9 ish.a surf_.agce to be ch as siljcon oxi
heul at ) ngSPFRRE G 1 RBAEEERNgoPPanLY St hnd; ASrEad {HeBr FPOTaithe
rate of pokishiag a silflieon oxi:.de insulating film twitheutate 5 of
polishing a silicon nitride insulatin cordingly, the

i nvent in FERLEBINALING the gu CangsP9eP8ihﬁ??§|%bgﬁ %kéﬁﬁ]@? slurry

contalnlngsa@hlaglgéaﬂampabhsclﬁSr AaRkiggersans. and water; and 10 a liquid
additive containin i spersant. and water; (2). the CWP abr asi ve of (D),

wher ei n each ofAPﬁghGFsB€ﬂ§5ﬁtchBH?a%ﬂ%ﬁn#hoPhéscE?lBﬁ?%&@%eas?UPry and

the |iquidagddkiiue i’nﬁ&léﬁc&'svﬁbi‘e' §d@aﬁ€h§€8ﬁsdiﬁp€ﬁ§@nit ¥hhChnkgedse
pol ymer containing ammoni um acryl ate as a copol ynerized 15 ingredient; (3)

the CMP abithgi yatép Qf) thghepépno&arpnléshing Gl§béi§9ﬁt§xé@ﬁtapﬁéaatﬁnﬂhe

cerium oxigeg; Wf]n 5r¥hans!att%eokl guh dsaddht !avgl'_‘LEéBHCBﬂ’Pide' $ndulQky ABf
di spersant, ich is a polyamoni um acirylate or a pol yam ne-acrylaté; 20

(4) the Cwﬁlémra3|ve of (2) or (3)) wherein the polyner dispersants have a
weight average gRbeGul-abpYekenbeOtnd0fntBnt@o0fs £5)pthe: GMPaaEyBSi ve Of

(1) wherein the ceriumo urry contains O 0 parts by wei ght
of the di spbresavez5whdkcht cad spee80lpaperdibl) aebfynfaceé taebeeppdisbridde

parti.cles a0dncagt 8l 83a0ednt Bxdfle"1iuiBt Ol Bl DeuSERbUE oI de particles

based on the cerium oxide slurry; rasive of any one of (1) to
(5), mnérebnnthmicemﬂuml¢hﬁd§usﬁaceytbsbpkmelﬁehec w3bh(d)kahd @eRadlsrasive
of any one g, g(é%.%Bdgﬁ%?lWﬂ'CPoks 3R Rﬁ EEBSS'Qn&aEbRFQEQEa%eF8£1B@"Sh'“9
a silicon 8xrde®fiPm rate o Shi a silreconni e a

l'i quid addiotiide S@anNlebrayede1005pprsgagsaaUL$pEYsant and mater 35 (9)

the | d add b t
(e 0, 209 KEnke” EIBCADERSLNE, hybfiaon 1p0:d Beagbderdl eigcont a ns
abr asi ve ohbﬁaﬁ;vwhembdmhtwgndsppeﬂsamtppslahpalyanﬁcqeuhpabeybaﬂQSGBGa
pol yam ge- %%E%'%%e §1ﬁ£¥%nt%ﬁadbqﬁhggﬁgqahpvﬁliﬁr &??hﬁﬁ&as've of (10),

wher ei'n t hé pol yanmoni umacr te or € poFyam né-acrylate has a wei ght
aver age nnh@@ﬁbmanWEDQMtbhb BUGGGCEotQOD¢OOOll$mG¢ wvheh| agkadiavditailee for

CMP abrasi ye %f %1£Lﬁlmﬂﬁﬁ%h@ A8 PRLYIAEP Y Ui ACLYE3EEn O intREase the

polyanlne-ac
ratlo of the rate of polishing a silicon oxide insulating

film to the rate of polishing a silicon nitride insulating
25 film to 50 or more.

Another object of the invention is to provide a liquid
additive, which is to be used to give a CMP abrasive improved
in storage stability.

Another object of the invention is to provide a liquid

30 additive for CMP abrasive to be used to improve the flatness
of the polished surface of a substrate.

Another object of the invention is to provide a method
for polishing a substrate, which can polish a surface of the
substrate without making flaws on its polished surface.

35 Another object of the invention is to provide a method



10 has a nol ecul ar wei ght distribution (weight average nol ecul ar

. wei ght / nunber average nol ecul ar weight) &f 1.005 to 1.300; (13) tth'BUNiﬂmﬁ
additive for CWP abrasive of (1!5), wherein the pol yammoni um acryl ate or

t he pol yam ne-acrylate contains 10 nol %or |ess of free ammonia or a free
am ne, 15 which does not forma salt; (14) the liquid additive for CW

abr asi ve of 10)&_mthh is pH4 to S ﬁlS% the liquid additive for CW
abrasi ve ofOF1BP1iRRiRE RaSURSHFatesi ¥Pigh $aBosSPEe9isy RPLLSN2B (16) a

met hod forsppkheli R BeSpBILERLA, SAQBArhsi AIshRkdbRJoRigEbshsai gthayi ng,
formed thereon, a filmto be polished against a polishing pad of a
pol i shi ng pLamenwitbphgnweakapapféaysngandnganpinageane shesrihie afdthge
pol i shi ng e i | yi ; : alr asi ny; oNey. 25 to
(7) 0 bothain Phelpiisnine ¥ 8unbpn Meial BRLUEaRInd ¥i o eE e Bk Fabe

pol i sh & heofi paktighbagpeal isiRédonandtridp iheukathod 619169, SOheremprehe
substrate to be,pali as- A i ] xipde filmor a silicon
nitride filn1fo%§§8&§E§gé h.tgé Eggghﬁgae kégggﬁgr§ghg Qut the Invention
Cerium oxi de maylbe predOMBdabyasiheeoxbnptisingf a cerium conpound, such as
carbonate, nitrate, sulfate_.or gxalate og ﬁetiun1 CbnMeg£iEnal C Ei m_oxi de
abr asives for 35 SSF%EWiH&lgflﬁ ShtéxraetAit % GFhed by PO Gr*the

i ke 6 la9ddbbez28@dtcaniawatemnoangdst al | i ne cerium oxide particles with

| arge primary parti.cl e sizes, .and tend.to nmake_polishing flaws., Therefore,
the bl um oxi 48 PAFELE EEOA51RE G9BASERLPReS: AYGREFBANAr EAObEF FATL od | o
the nmethod of praducti @he bOMP avaaeipeeber abhy pnéyeiystats ohathare
aggregat es _of nonocrystal s of nmto 300 nm For _pol (shing sem conductor
chi ps,  t heQLaPPARPOKEdEOPAALPERedip BFePRBAYC BRLAPN SIUTFYL ERE 58910 ppm or

| ess of al kahhidehalds tare halspaersvelke igehhpdsymeabliespBrkAfti nwAAthon to
produce the 10 cerium oxide particles include burning or oxidation usin

: ) ] . g
hydr ogen pé?o?iH@l@mth@qqt@épipﬁeP@FPB&“BuPﬁFH&aFéngératGPBQlYQﬁﬁéZPPom
350 t1900ikhgrédgenaw material suitable for the method is cerium carbonate.

The above nethod gives aggrﬁgates of ceriumoxide 15 particles, which are
then preferably (Bdl ver tE8dCHECRRAREAVEY OL EkAdpl ¥ReBeip eReR @8 BBPveri zing

net hods i ngh 4de rdbw t& iddHtRd nksl B8 @heCbeFilin ofRdeWslugkiyndhAgtHsi ng a
pl anetary bead mll. The ceriumoxide slurry to be used in the invention is
20 obt ai nabfeuifopdditiyice raspeqitdyelyi 4§ & PoApBSert AdSPEERBPLsi WH1Che
cerium oxi d¢ RAh{attmdiAimMG Y akBowe ahpbaghaihst hegyiatdi spersant for
di spersing the cerium oxide parficles in water and water. The content of
the ce?® um oxi dé4parti EhesCME ABFapiket 6§ bHa? PE pPef eVABFGLD. BREo 40 25 by

wei ght, nmope;pheiesalipe & an tis0 e~ abWeehdhtivbeaBanfibeebiadi RELHILOB £
easily. In _the CVP abrasive obtainable by m xing the ceriumoxide slurry
and a |iquit@%ddi ti%&%%he content of the ceriumoxide particles is

preferably 0.0Z (59 10 tnycwei gbtasi®eeopr eig) abh¥r8id tBeScerbimwekghe. 30
The di spersant to be used in the invention conprises one or twp conpounds

sel ect ed fF&HFEBl§ﬁ§?xﬂf§bé%§ﬁnﬁ§,2w§t@@§$FuBVeW§ﬁEBﬁistGPPaéﬁéﬁﬁggant

wat er - 39| ublea ataRieORiC 190 frREU3NLY, Wedlghit- 9 khlke ceatiuMNbgkiger pastastesand
wat er sol ubl e anphoteric surfactants. For polishing sem conductor 35 chi ps,
the di sper 88t SoRdRdmshIQr Tt 40 & &y Med@nd 28 thepprrium oxide

particles based on the cerium oxide slurry:
(6) the CMP abrasive of any one of (1) to (5),
wherein the cerium oxide slurry is pH 6 to 10;

30 (7) the CMP abrasive of any one of (1) to (6), which
is 50 or more in ratio of rate of polishing a silicon oxide
film to rate of polishing a silicon nitride film ;

(8) a liquid additive for CMP abrasive comprising a
dispersant and water;

35 (9) the liquid additive for CMP abrasive of (8),



19 jun 2003 or less of alkali metals) such as sodiumions and potassium
.ions, halogens and sul fur. Exanples of pd& ymer dispersants include1p9kﬂﬂ¢qmng
of unsaturated carboxylic acids, such as acrylic acid, 5 nmethacrylic acid

or malefic acid) or ammonium salts or am ne salts of the polyners;

copol ynmers of an unsaturated carboxylic acid, such as acrylic acid,

nmet hacrylic acid or malefic acid, with a copol yneri zapl e nononer, for

exanpl e, afRFRYICORLAANT & QucH & BeMeiItc Al dhe gLseffeMdcryl ate, a 10

hydroxyal kyl acryl@f ) tHich sap ity HaepixatRyY kotCtupaledradival k¥l (9),
met hacryl ate, such as nethyl nethacrylate or ethyl nethacrylate, a

hydr oxyal ky¥he®e actle adspersan sl iy medy@mnan ivm taegiliadiee Ovighy| acet at e
or vinyl al 9%9 . ang Tajw msalts or amine salts of the copolyners. The
15 unsatura‘?e Acrgfrg%% 1C actl%l'd noieties in the polyners or copolyners may
be convérted i ntlBmorihemlsiatuisl eiddidi vieeffore CiP abiresipel pietli®ati on. The
pol yners and_ copol yners eferably contain 1 to 100 | d, .more preferably
10 1o 100 MEPEEBEn iR LR ks ot 1Y ey T B ¢

di sper sant sh&s ea ped ViRt SaeOrd @é Mmdige AIMEMN iwe D@y YdMatle, (D accqpa Yoy i zed

i ngredi ent, pol yamoni umacryl ates and pol yam ne-acryl ates.

Pol yanmoni um acr y}@t es @ Jﬂ&%ﬂ@é’%&”ﬁ %toés %&eéﬁgﬁw%g\% (ki dght

aver age nol@estadn WehdhbS1 Pamio @D 183G R0 Gr NiHe pyBfatiald YackPloee5 to

60, 000, further preferably 10,000 to 40,000 . If the vveiVIght aver age
mol ecull® vRRFhE TQLeELLaE aplah bobis e Wn Bk e it ia %@%w%ﬁﬁ%e,

and i f noregé igit AP0, a POr 4 §8 Msh Al ald iyHEY o readirad 1heo;

pol yammoni unacr yl at es and pol yani ne-acryl ates preferably have nol ecul ar 30
wei ght distributibhb (viEiYyhkiaiet aitiddivec dicdr R ahrARdiise °faddi®ge
mol ecul ar wgh §RE3n Ofhd- drfindn BEF- a B 18t &freratd Yook Y del ake te

further preferably 1.1 to 1.200. _if t'he nol ecul ar weight distribution is
| ess than 1c0052iRHel @ dRrelin oXF deepardf d=ee My Sfatde, f58fd 3¥indre t han

1. 300, jtshe F29iPR! 45Hé NGt 2ESrhal i Laiy be reduced. Herein, the weight 8
19 J U N 2003 average nol ecul ar wei ght and nunber average nol ecul ar wei ght

are measured t hrolgh getheekimntd oidirigeatfogr &M aBasdyeortt H40) .
cal i brationygugne; 9f @ stapdgrd) pol ystyrene. The pol yammoni um acryl ates
and pol yam ne- acaglsa?es are 5 obtainable through neutralization of a

m xture conpri si b potackiavid AAH HYe £eedMR mhitas o @ft (30 )armoni a
or an anine relative to _carboxyl o n in view of high flatness,
preferably ¢3h gi frllaﬁsal\(%?%sjagylgf r’r%pgo Otf‘o Idze'sgs&o 1!'ET‘ \rlgée anmoni a or am ne
form ngoo salts({that a mettiod et A ikhiny G Gluddranay b@opprgritys of

olyacrylic acid are preferably neutralized The amount of the free
gm%ni ayor Bﬂiﬂénﬁ of Hﬁsﬁﬁagﬁﬁgvk’éﬁ’v b%oﬁi'é%%ﬁﬁ%%orby aaotg’rlr% T % gani ¢

solvent to poeecipedakgainetpal poPishing tydd ngF tdiep @i sty gychten,
quantitatively, deterpi ning. Lhe,anoupt, of 2mmmni o, gr amne 1o, 1§, dhe
polishing platen while gupplying the CMP abrasive of any one
25 of (1) to (7) in between the film to be polished and the
polishing pad to thereby polish the film to be polished; and
(17) the method of (16), wherein the substrate to be
polished has at least a silicon oxide f£ilm or a silicon
nitride film formed thereon.
30
Best Mode for Carrying Out the Invention
Cerium oxide may be produced by the oxidation of a
cerium compound, such as carbonate, nitrate, sulfate or
oxalate of cerium. Conventional cerium oxide abrasives for

35 polishing silicon oxide films formed by TEOS-CVD or the like



Exanpl es of water-soluble anionic surfactants include triethanol am ne

. lauryl sulfate, amonium |l auryl sulfate &nd tri et hanol am ne polyoﬂygynnuqnmg
al kyl ether sulfates. Exanples of water-sol uble nonionic surfactants

i ncl ude 20 pol yoxyet hyl ene | auryl ether) pol yoxyethylene cetyl ether,

pol yoxyet hyl ene stearyl ether) polyoxyethyl ene ol eyl ether, polyoxyethylene
hi gher al cohol ethers, pol et hyl ene octyl. .phenyl .ether ethylene
T R A A S L e
derivatives, rﬁéx@og Yexvetkylsenesor BhiaReAAN@baMARECpolishing flaws.

pol yoxyet hyl enesol bi tan nonoparm tate, pol yoxyethyl enesol bi tan
nDnostearaﬂ@eqﬂﬁpéﬁyeﬁﬁVI@ﬁéé@mbpﬁaﬁetPﬁ§Fé§#&§et°p8PyB§9étﬁFIéﬁ@SOIbltan
monool eat e, nl%' %ylefapﬂ %%Sq'ﬁ 128 1Y e}\eaﬁnetheal 4ex }é%ﬁiﬂl:%&%%o' l%'uttm
tetraoleate yethy ene yco nonol aur at e yet hyl ene gl ycol
nnnoste&rawae mmeﬁemh@ﬂ@n@O@W¢chtdﬂsteaﬂ&terepgggeagﬁteﬁeoglyco

nonool eat e, et hyl en Kyl n pal.yo I, or
oil and al KA c%&ﬁ%ﬁé%l ge% %&aﬁplggboﬁ%watgr¥sé¥i%Fng F%ﬁﬁgggﬁr g%%ants
i ncl ude cocoriygsanithe aeeummeoaﬂdeB@asteanybapreeeaaengteonta&n Bsanpl es of

rghe;;zehgﬁﬁ5¥§%$hot |c surfaﬁgggt%flnik 93 hg% Ibetgl a:Lostearylbetalne

2-al kyl - N-car bowmytholﬁsh)a@ramyéehhylthm dazehitAbineet pra@uckn thieew of t he
di spersibilit iyt dﬁ? % ictes in the cer“%g15 oxj de slurr t he prevention of

their 58di R Tetes i gHshi %?Qw%?%ﬁ% t he

amount  of tﬂ}@rdig%@xelb‘é&@tﬁd@ddﬁd th‘éhe.lﬁﬁl)un‘Pr@Ee'ﬁ:B@ddb&ﬁﬂﬁ.ﬁgnt added in the
ceriumoxide slurry is preferably 0.01 to 2.0 parts by weight relative to

100 parts Uyemmarmﬂumrs mmg@mfcmndéSpartpl 8PesC. 10Tmnngwmetdrspér sants
descri bed above ner ersants referg %§have wei ght aver age

nol ecul ar %ﬁﬁQQ 0 65 F5F& Br&?é 100 to 50, 000, further
preferably 1, 00&%@0ab@v@oamt&&dngayesedgghegagbsgef perteat baide

chromn raph ed on .the calibration_cur he t andar d,.
vty PR S 25 PRy PR PRkt T o puiRanited’ BRSRRGca % con
oxi de fil rr&a:mm;ﬂjdg @@N piidfeirde d |ph1|:rsre|my:mgt mbehpdbl iheduﬁpedﬁﬁyl y enough,
and if it is to gﬁg t he cerlun1 xide .slurr e toQ viscoys and | ose

rorage st AT HPie i Ml cBRel ¥ Baanbans, et Pepdraitr st o
10. If the yd4d snilda | ow, a Ilquid m xture of the cerium oxide slurry and a
liquid additive | ose stor.age stability and ke polishing fl.aws .on
pol i shed silicoﬂqggfﬁﬁﬂéwlfﬁﬁ NEEEi &8 PRI aﬁ& ?% “t A8 %Htﬁgnt&b hi gh,
a |iqued modtaimaflel5 fidre ammmm,omﬂelsbu&eyngnd eohpquiid iaddi ti ve may
al so | ose storage sta I|%¥iand make poli 183%5 kams on oI| hed silicon

d

oxi de or sifT9® ﬁﬁqql(ﬂf T PRe FHPME q¥t8d b6 i°§§ an aqueous
anmoni a ancclsdragtanis thhss cexr idimpaxisaa tp&oki dieperannhe tdlespelrs.em iox it er
by 30 “Si”%;?%£§é §1f§|Jgfgf(gh %gﬁgil S%%h %%n eg%ng%en %e%ef?am

oxide particles is not limited but is preferably 0.3 to 40 %

25 by weight, more preferebly 0.5 to 20 % by weight to handle
the dispersion easily. In the CMP abrasive obtainable by
mixing the cerium oxide slurry and a liquid additive, the
content of the cerium oxide particles is preferably 0.01 to
10 % by weight, more preferably 0.1 to 5 % by weight.

30 The dispersant to be used in the invention comprises one
or two compounds selected from polymer dispersants, water-
soluble anionic surfactants, water-soluble nonionic
surfactants, water-soluble cationic surfactants and water-
soluble amphoteric surfactants. For polishing semiconductor

35 chips, the dispersant preferably contains as little as 10 ppm



ultrasonic disperser or a wet ball mll. The ceriumoxide particles in the

»slurry thus produced preferably have an &hverage particle size of Olgldgﬂ %ﬂﬁa
1.0 um This is because ceriumoxide particles with a too snall average 3

particle size have a considerably |low polishing rate, and that with a to
1 9 JUN 2003 too | arge average particle size tends to make flaws on the

polished film The liquid additive for CVP abrasive of the. invention
conpri ses %rdlr%?)%r%gn ﬁéﬁﬁlv%?'é?%s THUGH Grorsefium 975 PG RMEFEF AP he

ceri um oxi enParhhtd&sns oAk @i SiehedN, t he above described cerium
oxide~slurry~in water. In view of the polishing rate ratio and the high

flatness of theEPMPEaRdoE RebTeeT tHeSREET saninc ke M MFS t®E ceri um

oxi de sl Urﬁﬂs@f@ré‘%é@_éé‘fﬂﬂﬁé og%iﬁbl%%icgd@g% J¥ ddes di spersants 10

used in the cerium oxide s ry an itTive may be identical
with ob diriéthapryiiontebdhontieleidhacibnoentarpimiumisakies ddspamsaat in

the liquid ptive,y ly, Br"t i ifsis less than 1
~ by wei gh%a??l %ed)%o'f]:“gh@éf u‘%]?%bec%‘%/ e%%s@fﬁt%a%ﬂllf#én%re 15 than 10%
by wei ght ,catizoxeiicnackddespalntas| asrynhic aggrdgatet hadey OMP adidsove of

the inventjion i ed so.iha h eriumaxjde slurr d.the liquid

addi tive pW%%%%%dgéﬁgrt‘gﬁ%nﬁl’e}é%ﬁom%rrlza'%iemr&%rl u ¥ t ﬁ€° ierr’ga“‘ ﬂ%m 8ni ng.
I f the 20 &#Ekyunaoxyllets| usughaas méehyl quexly balite towesdnel sderetata, aaf orm

of a mxture, the ceriumoxide particles wll aggregate, thereby naking

ol 1 song FTarE R EREL AP REL AR haRRes | 88 St oneRPrel FemtlFEe oral™ s he

| : qui d addalxye xaeﬂhadafiémté ugm@ar(]hdsss:h@tmyl aﬁeetamwg@ﬂbo?tra%p?ﬂshi ng

pl aten 25 separate an ] X t hereon, or. m xed inmediate efore

Dol T Shi ng BREAC B A EBp! 7 OBy SHOLY SLREL | AT SR e S i g 1ot 0

bet ween t hgy&ebk8tR¥1 dRe ShalcFyl and, thenyl ke ekl o1 vein$l n@lcenslicul arly
limted so far as the desired concentratjons are final(lbi/ iven. 30 In view

of the di spRYsPHPPRLYMoFASEF{PE| FR1NG FHELS|Qf rihe (P i onTBf their

sedi mant at hRvaeidatbBe E8EBOKPNEBI Hchet MeLst PO | B fige fpePmens dhe anount
of the dispersant added, the amount of the dispersant 1n the |liqujd

additive rePRPIVECTd PRE PerroRvekted 13t iy $2bE1 ¢ bLRET 2BBHOPSIt S

by wei ght, oposetpreh8ighbyifafioh0 1B00 Példmedy andlcdfoliphe203 wei ght,
further preferablg .01 to 500 Earts by weight, relative to 100 parts by
wei ght of PRefeERPlM 6RPEaIpatt el &80iRCthe BRFS RF DG ERP LY ut P ytOTHRO

specific %@Y%tMfoﬁnbaeukhﬁéhdc&ﬂﬂbﬁtﬂfci§c§dﬁﬁ@i@€f@éy 1.005 to 1.050,
nore preferably 1.007 to 1.040, further preferably 1.010 to 1.030. If the

speci A% gravi t JTrEeFEsd fhERSTSHOES AR PROIVRHER W tateingyaBRONALE f| at
and if norgcihaatd. Q80a &Bgo@%éﬂmeaiﬂﬁgp@aiéﬁi espdByamaeh eagat e. The pH of
the liquid additive is _preferably 4 to
acrylates and polyaminé-acrylates. Polyammonium-acrylates
and polyamine-acrylates preferably have weight average
molecular weights of 1,000 to 100,000, more preferably 3,000
25 to 60,000, further preferably 10,000 to 40,000. - If the
weight average molecular weight is less than 1,000, cerium
oxide particles may aggregate, and if more than 100,000,
polishing rate ratio may be reduced. The polyammonium-
acrylates and polyamine-acrylates preferably have molecular
30 weight distributions (weight average molecular weight/number
average molecular weight) of 1.005 to 1.300, more preferably
1.100 to 1.250, further preferably 1.150 to 1.200. If the
molecular weight distribution is less than 1.005, the cerium
oxide particles may aggregate, and if more than 1.300, the

35 polishing rate ratio may be reduced. Herein, the weight



10 8, mare preferably 5 to 7, further preferably 6 to 7. If the pHis |ess
.than 4, the polishing rate may be reduced, and if nore than 8, t gywsg
surface may be less flat. The adj ustnent of pH nmay be perforned by a

an acid or an alkali) such as acetic acid or agueous ammnia, to the |liquid
15 additive. The viscosity of the liquid additive at 25C is preferably 1.20
to 2.50 nPas) nore preferably 1.30 to_2.30 rnPa~s, further preferably 1.40
to 2.20 nPaYErape PﬁéeﬁP§é65W€99P§ PE@S“PHQ%I1a?9r%®%~%01?ﬁ91€§rWG g%lde
particles gpy ﬁggﬁﬁ%hefth%BQthg r 8etR@Bt 2oROHESMS t o 5PEPRY! | BASEa20n
surface may be less flat. In abrasive of the invention, the cerium
oxi de sIurt?eaﬁdlﬂhéatﬂqnlQuaﬁélevé ahgnderdsepolgstyiegnare, or

non- pol ynmeri c aggi.t ) h t e

NN i met hyl ot hadsi RERamBHRuASaBeih A Gy AT DODPRAT O%cPyiatag  37es 1 ne
cerlunHDX|dbtahuabyeomhtbeghlqaudraddzatwenfof Emmuxﬁheeaqomprssmhgsuch
additives are_such.that Hggla tgtag ﬁongggtratlgn i fthe resultln%

abr asi ve iEOEVQFgﬁ&%FyaG iy Po 20%4 BW Fgﬁ?o ﬂ%r% p?@?%?é%l 81 to 10
~ by wei ghtmide fh&aﬁﬂ@@ganlcambsuyatgngubslnnﬁar whlcheWhefCNEgabraS|ve of
the inventi n i s used or e a by.l ow pressure CVD or

bl asim. QVDE LTSRS Em §TOREFBOA Yo RPRERERI A by LEBUEprBLtlr Bo kDD mbRaS: Pane:

Si H4 i s usegeas affohliaS@u @thinandony8gNhoOéadssatRYYJES; SAUr ¢easando

Si H4- QZ oxidation is 121 glun 2003 carried out _at a | Qw tenperature of

400 CHt | BRP. OAf tthe EPBPOKY At STPERENRAt PALYACTENDEr AFtite@RBt hi gher than

1000 C naypeakeqa@h&yn@@t&@u&u@a)outThwhameuﬁhosahenHSfrEélamﬂ@ﬁgd o2
planarize the surface by high tenperature reflow, an SiH4 5 O?-PH3 reaction

gas i s preBBARS FOTEERI PrasShd tevPaPsPeddeheanesad P¥ eAdingneni egganic

reactions &@qwiehitNohiptacligiRekat ¥hesSpENgRErNOEMteri AET FRE BEU ek ik can
undergo at |ower tenperatures. The nmethods for generating plasma include

two types SMaBIFAETHVed YcOGHIeTAG ARG thEUBTPYBLIOE CBUBPIAG. CEXAMPNES 16f
reactipf gages filG¢ade an Si H4-N20 gas conprising SiH4 as an Si-source and
N20 as an oxygen-source; and a TECS-(QZ gas containing tetraethoxysil ane
(TECS) as an SlE§@@P@@S(PECBﬁﬁpésﬁﬁleVBF amhenﬁﬁesérgelt@eﬁﬁeia@ﬁpéeof t he

substrate E%H%%%an%ﬁ%hﬁﬁ% h@ 394 guléaﬁeprSEEBBEGmlﬁaﬁéﬁﬁtbBﬂfHE%S%%%e
ranges from67 to Pa. As descri bed above, the silicon oxide filmto be

used in théﬁh@ﬁ&ﬂﬂQ%ﬁmﬁﬁﬁ @@ld@ﬁaét%WﬂﬁnétﬁékYéléﬁﬁﬁ?ssuéﬁéﬁeﬁs phosphorus

or boron. To fo@@b&g%éé %&nw%%%&'@%lﬁbh@‘HMnHBH&9r§§§EE€t§NPL include
di chl orosi | ane: H2Cl2 is used as an Si-source) and amonia: 20 NH3 as a

ni t r ogéh- s pelyexyatd nlieaesilapcyl- RFBesxi BalvonyrshEdenpedcsyd athgrhigh
te”peratur%o'Qo%@%tgyl%&eEé%%%E%lOEthQ? rBéi&bQQegﬁglEHE Bh@?ﬁae@MQr's an

Si H4- NH3 gas conprising SiH4 as an Si-source and as a nitrogen-source.

The prefer@@dypéWﬁémaﬂ@m@ dighiee adeohpat ethgrgesPP2¥oRyY8bbYiengs osd(y1C,
The substraienha ReHesed og§egh§qghgoHgﬂgﬁobthpitg@hgrbear|ng circuit

devjices and wring patterns for
polyoxyalkylene alkyl ethers polyoxyethylene derivatives,

25 polyoxyethylenesorbitan monolaurate, polyoxyethylenesolbitan
monoparmitate, polyoxyethylenesolbitan monostearate,
plyoxyethylenesolbitan tristearate, polyoxyethylenesolbitan
monooleate, polyoxyethylenesolbitan trioleate,
polyoxyethylenesolbitol tetraoleate, polyethylene glycol

30 monolaurate, polyethylene glycol moncostearate, polyethylene
glycol distearate, polyethylene glycol monooleate,
polyoxyethylene alkyl amines, polyoxyethylene hardened castor
0il and alkylalkanolamides. Examples of water-soluble
cationic surfactants include coconutamine acetate and

35 stearylamine acetate.



t hereon, or a sem conductor substrate which bears circuit devices forned

.thereon and is further coated with a sili®con 30 oxide filml ayef .Ofr, "
silicon nitride filmlayer. Polishing a silicon oxide fil mlaye{ %JUQ 0%

silicon nitride filmlayer formed on such a sem conductor substrate by

usi ng the CWP abrasive snoot hes out the unevenness on the surface of the

silicon oxide fi er, 13y i | e.t : fﬂﬁ%o

200 the sem condéu’é%r@es%b%% Sﬁéﬁe&n%{%lﬁgﬂa %g%gﬁpe%rcslaq{)l e oargts naﬁ]ﬁaofv@(?]r‘éﬁgh
separ at i on. 1 ke 1ot d 1renc hs tseay 1 d i mes e ds uarylatine iy tdei neatexode and
polishing a si]Jicon oxide filmto the rate of lishijng a silicon nitride
Fi1m (si @i o s oV 164 TR REit Suk 0 B paa s o THiA A 4l P TR 8% ng
rate) of 10 or mMeridd dherHatdisgerdi®q 1978 lof tha-widfey encehetyeeuhhe
silicon oxide filmpolishing rate and the silicon nitride filmpolishing

rate wi Bl bexidR SHEITY ¢ otRe rmnsiamPiatthe igo Hadige praddaeranhethe or

shal l-owtrepch, SERM R Y Betdded PoiEHH] Filaws Gl HY GamdA ¢ S Ngnhgan be
stopped easily by the Turther reduced polishing rate of silicon nitride

film and thesEVFsabiasidded tthesruntr &tff dFhes digrerganta@ddgdrin the
shal | owtrench. sep, i O |1 sy u p‘aif‘@s :
conmon one,@§€l‘€ﬁi%& %s%u%%Fd%r) 4%&%%%3{'?1533 gzo'ﬁg ctor g?%s‘?‘?]é@étand
a platen (ecpilppidewie hlG0 paors dry tweel dhitk @ e agpatilum afxidlmmangiebeat i onal
speed) ,appl i ed vifth 2 polishing. pad.. The MLer ol gl the polising pad my
be any“One, such™as HONWOVEN T abr i c) 4a po yurebnane' foam-or por ous
fluorine redispel2faidte podfatamly fead/d weirgfteraaldnagqy oovietbdlaxcolé tghts he

CVP abrasi ve_i he g v The pol.ishing .condjti,on r ot_limted, but
the rotatiohhl P%(é)eg%l {)é)&t(ﬁczo .p|rgﬁreeg RES erre?% Ya&q%f}a()lsso@ogos&'zoﬁ“lﬁb or less
to prevent phefeeabTpnduEtOrtsubsioed e d9 aradminegl ethrdwerh dgdie pressure
applied to the 25 sem onduc{gor sybstrate is prefer ];t%/ ]Tr#( [cn? _or Igss
not to makePPOPTIRFAY FHERRT T RHARIG 93RAT (Ofhd E’Seﬁ?:# 5% ,‘%bo(flf?ﬁer' ng
shou: d 1gaketﬁﬁvwf&:?m:ﬁd Mémgp&éﬁu NGLf tire sdallggular mgmwws: vhe
supplied to_the polishjng pa sone neans,. such, .as a punp.. Not |ljpmitative
but " br of er r SPRFBIARE 366 oF0% e Ha T g ielt 1 B P HAL 0100 ot FEERE o
t he polishi fglpadmag wbrelys oL Stbdvdgeddiasldiidugh Afdred politshi$igtobhe
sem conductor substrate s pref(?rabjlﬁl washed wel | in runni n?ﬁ]‘\é\@t er and then

%rs

14

dried afterPbPdui hy® an&y 1R o Y S Ihe” S 't tb75%5
substrate byterapénstlaberioy.the like. Thus a planarized

20 The pH of the cerium oxide slurry is preferably 6 to 10.
If the pH is too low, a ligquid mixture of the cerium oxide
slurry and a liquid additive may lose storage stability and
make polishing flaws on polished silicon oxide or silicon
nitride films, and if the pH is too high, a liquid mixture of

25 the cerium oxide slurry and a liquid additive may also lose
storage stability and make polishing flaws on polished
silicon oxide or silicon nitride films. The pH may be
adjusted by adding an aqueous ammonia and stirring.

The cerium oxide particles can be dispersed in water by

30 using a common stirrer or others, such as a homogenizer, an
ultrasonic disperser or a wet ball mill.

The cerium oxide particles in the slurry thus produced

preferably have an average particle size of 0.01 to 1.0 Mm.

This is because cerium oxide particles with a too small average

35 particle size heve a considerably low polishing rate, and that with a



19 jun 2003 shallowtrench structure is formed. Subsequently, alum num
.wiring is formed on the silicon oxide iA8ulating filmlayer, and1a3gUN o8l
oxide insulating filmis again formed between and on the wiring by the sanme
met hod as descri bed above and 5 polished by using the CVP abrasive to
snoot h out the unevenness on the insulating filmsurface, thereby
planarizingomhole the surface of_tﬁe sem conduct or sybstrate. The process
i s repeat etP? ol PFYBURECHALR P REMITILE oF L 5F t FPRLRi YR dakRy drkavs ap Hhe owp
abrasi ve ofoifenéaveninon can polish not only the silicon oxide filmformed
on a sem conductor substrate_but also an inorganic insulating filmforned
on a W ring boaflebbhgnhd adptehHes cfFor MMP vibraRive h Hie alnyenthen oxi de

film ol assoRbr2bLsCNafbhetdent OBhd Gl 8SSpne URTLFor SIRK 0L d S gBsks,
| enses and prisns; inorgahic conductor filns, such as I TO optica
i ntegr & eddtspensing bthei carivmi oxhiegpaeiickss agrhioptned| iguiltesabeie eh
----are pade o n t L he ials; e f.ac 0, i ca
fibers; op%?%%ff§%§o€?§%¥§Ig#iggcﬁfgéf c?%t??#%fbrgﬂlso(Sg-%%af%glaser 20
nonocr yst abslishppyi retsubstiat @sdf the bhigh | fkztnedd; oS etrthe qruilcsloed
nmonocrystal s, .such SLC, _GaP _apd GaAS.. gl ass_substrates for. magnetic
di scs; andsﬂﬁaﬁcé?'rcgﬁ‘éag%sp?ﬁg?ﬁif?léﬁga?ﬂ% %eﬁ%"r on wr T %’é“ﬂ%sﬁf‘fﬁﬁ}ﬁ in
nore det ai hreedbsoi sgitabExafpteshanti@obpasddivivdEx anmhesdi s cdabs
however. do not Limi the scope of the invention: Preparation 1 (Preparation
of ceritum BRPRet BabhecPEET S8 Rutae  SERFEN B0 DBhe RS T hEYSI BRRG o a
plbati numkvséfehelﬁl}aﬂcam[]nﬁﬁhi ﬁrtﬂve\fjﬁéfeﬂﬁ 706m Gdcl Qtihedr s,qf'xsé)dto gibve
about 1 kg o ell ow s ite p er. The powder s jdenfified tp be
cortum ox ) BENGYSRERRY ORI Phr boe | ORSErTsanhe e kil DR PN Sl i xed
with dei onpzedevabely 10td010 Bybyewghgheoncentiatiomesndepah verséziegd with a

hori zontal wet_ ultrafine_di spersing-pulverizes_at 1400 rpm for_ 120 m nutes.

35 The restBPifRy- | FREi BOABPRSAVEUHAICRRREIE 019D £dbr B dotf MoTe5 to
gi ve drsy CehhHM OXkdgyPaklgRteSthdhee s i Usk LXé USa PRl ¢1&4 aRayer €

pol ycrystals conmprising 10 to 60-nmparticle size primary particles as
observed b$99rePaRSm ssion el ectron microscope, and had a specific surface

area of 39.5 n2fgeagmp HBREYLGH BY the BEJeiEidRdis Ri€HRra4 i @a? the
(Preparation of ceriumoxide particles) 2 kg_of cerium carbonate hydrate
[

was pl aced“PRidM prafpnEMvEEsanrdahliebliiaeddi addhel v rPEePIDRA APRFL2

hours, 10 &@ofli ¥8cAPOUhet keOhi¥Bh! Q¥ EHe WRihE POVWESIisH{Weg POVEErtMES
identified to be ceriumoxide by X-ray diffractionetry. 1 kg of _the cerium

oxi de FowdEPTHES BK}AGr SHRETW BAdatPet LHARED FRELEEYS LATRxF HRIPAr iR cPes
were pol ycgyshabs QORRkksirBY #RenNBbiPuROoRiMPapAT€168164 ZR1 P11 ABGYefALL Cl €S
as observed by a 15 transm ssion el ectron m croscope) and had a specific
surface ar EReseby1makipggPadifBaBar £4285 #Re BEFSHRY hddShaRepat@ti on 3

(Preparati gB19kngag wa@Xi dengkHELYY, 18Re U1 04ul HCad@1 t 1R OXhderRarticl es
prepared in 20 Preparation 1, 3 g of a_40-w~ aqueous sol ution of an
anmoni um sSPTiBM 9XA8ry §ARFFYcaaEi QUEBHSLIneR, awhPLthshird spBagen

copol yyeeri zapheR tBh9dHal Rfixaar ¥higedfl doaNdi RBE Nyhmegi ¥t &l ¢ woeohad an
wei ght average nol ecul ar wei ght of 10,000, and 2372 g of _ deionized water
were mi xedPodigh2pauppfagbancarPpldpdpersedavwpehishingi pyatame dFBPersi ng

was conduckggiher ri@ il BUkGeeW thedBetl hhasRDaE E18AHENENAOEnE01 kFRiqThe
resulting slurry was filtered through a 0.8-iccmfilter, and dei oni zed
wat er was addédiveedst sotopgirfdcylarhyodémitath 8Ri farsear ke (degired¢he pH
of the cerium-@ritdatSloWs’ ¥re finally given.
30 In view of the dispersibility of particles in the
slurry, the prevention of their sedimentation and the
relationship between polishing flaws and the amount of the
dispersant added, the amount of the dispersant in the liquid
additive relative to the cerium oxide is preferably 0.001 to

35 2000 parts by weight, more preferably 0.01 to 1000 parts by



30 (A-1) was 8.5. The cerium oxide slurr)é (A-1) contained particles with an
.average particle size of as small as 0.281. um as deternined fromJ‘rbeiJUN 2003
particle size distribution neasured with a |laser diffraction size

di stribution neasuring apparatus. 95.0 ~ of the particles were 1.0 I~ mor

| ess. 19 jun 2003 Preparation 4 (Preparation of ceriumoxide slurry) A

ceriumoxide slurry (A was pre ed.ipn the s nner as | reparation
3, except t¥el®eli ut 5?(%%_5 %‘?E‘?’E‘?@YSOp&ep%ﬁ &P%%g?%t‘]’wr}igmre
replaced byrdhet £€&1 48 040 dgap@étbglﬁéi@@nﬁf ethd nedFaRAT i @ parthe1pll of
the ceriumoxide slurry (A was 8.7. The ceriumoxide slurry (A-2)

cont ai ned pirttkeecserivn ax¥idg e HgerParticle size of as small as 0.21 ,u m
as determned fr t hel L t : Sd ISt A0t ] o8 + 4 . &~ of the
'P%éié'ﬁ}é%}??%éfé@l%%@f 14,4 fu{\.}:ﬁi’ a2 G g

particles were 1. Preparation 5 reparation of cerium oxide
particl és) pPr&fiepableriubdtatdohad 20 hyerze epweafepatakedl i0A Pd at i d4dh vessel

and burned in i f or oyr 15 [ve ut .
yel | owi sh ?%%’Q%B%{é??éﬁagi?%gm@{roﬁta&; |fI e3n i fifetg ttq%e bsé&gcgﬁh% %%“g%t%y
X-ray diffrastiesettiganl1kgodf the peli sinedxsutef poawdesy ies Degs gfbahd with

ajet mll. T e_gerium ide.p {Jictes Wer £ nmonoc stalg. OJC 80 to 150 nmin
particle si2B8%ad oﬂgﬁ?vgﬁaﬂyla{% an Ws%?’éhur%l%’&‘i%rp% T T oLdhe, and had
a specific sygtagetarearnt pB. 5f NPhg Rsqui@saAdE&Tt Dye the BEFferithog. 4 to

Preparation 6 (Preparation of ceriumoxide slurr A cerium oxide slury
(B0 vk o eptip B8 PROEREABLHeS 250 nhniEyt CAST (PTARESLT oh & bxcepf FhE

cerium oxi dgupagt 1ek8StRARPA! efhé Np&HL EPRIAG | Ll d N@{leoé ept deesa Pyahbeir
cerium oxide particles prepared in Preparation 5. The pH of the cerium

oxi de sl urrJoFe- thapad gthe pRbighed Fvbkicr *ANrhs +8:9)Lt3ht ai Fed

particles whhhuatmaner agepRansy Che porebife®ivPSaddBhy &8 LB o¥ Anas
determned fromtheir particle size distribution. 85.5 ~ of the particles
vwere 1.0 , ufitbRlies§uchxafpPestic 18ChAdOToHPARAMT VIVEXRHD! 50 1tBpdl 2auigdy

15 additive. The viscosity of the liquid additive at 25" C is
preferably 1.20 to 2.50 mPa's, more preferably 1.30 to 2.30
mPa‘'s, further preferably 1.40 to 2.20 mPa‘'s. If the
viscosity is less than‘1.20 mPa's, the cerium oxide particles

may aggregate, and if more than 2.50 mPa's, the polished

20 surface may be less flat.

In the CMP abrasive of the invention, the cerium oxide
slurry and the liquid additive may be used as they are, or
non-polymeric additives, such as N,N-diethylethanolamine,
N,N—dimethylethanolamiﬁe or aminoethylethanolamine, may be

25 added to the cerium oxide slurry or the ligquid additive for
CMP. The amounts of such additives are such that their total
concentration in the resulting CMP abrasive is preferably
0.001 to 20 % by weight, more preferably 0.01 to 10 % by
weight.

30 The inorganic insulating film for which the CMP abrasive
of the invention is used may be formed, for example, by low
pressure CVD or plasma CVD. To form a silicon oxide film by
low pressure CVD, monosilane: SiH; is used as an Si-source,

and oxygen: 0, as an oxygen-source, and SiH;-0, oxidation is



19 JUN 2003 Ceriumoxide slurries and liquid additives were prepared to
.prepare the CVMP abrasives as shown in TaBle 1, and m xtures of ﬂ C?QNJ ]
oxide slurry and a liquid additive were used for polishing an i &u ig%
filmin the manner described 5 below. The results are listed in Table 1.
The liquid additive used in each of Exanples 1-5, 7 and 9 was prepared by
di ssolving in deionized water a predeterm ned amgunt of the sane di spersant
as that usear¥ied heutedt umn bRV deemperatungd Eadfl € pr 1OWER dikflemsant
used in Exanples 6, 8 and 10 was a pol yammoni um acryl ate havi ng a wei ght

average noff uIfaﬁla\?\etwt%?“'iof,lbo@,t%“m@%r%m%déﬁﬂtﬁ%cﬁﬂ% WePYHe of
8, 333, i i j i f t of.
Srmon um a1 P FLoNEL B ng) CALL AN | i EhAHRERY s [ €pea

viscosity v dladtanPzesthaadsarfpesiby iglavidnypeaxfathifE Qee fi TowCongar &4 Hy~e
Exanmple 2, t sanme ceriumoxide_slurr nd liquid_ additi as those used
in gaﬁpl eoTr%&iérEeBFgw}PBugﬁ Wx@ﬁ?gﬁﬁ%bﬁﬁeuﬁ?at urgfﬁ%’gau(gga #8r polishing
an 20 i nsuhd@ramgadédbnz ong theyt adli@iiicd Potésdt iehofrdqisidiatid ngidnlm A
125-mmdi aneter sjlicon V\Qfel‘ with a silicon OXLiHC.i[le' filmfornmed t{hereon by
TECS- pl asneCTERAF P FF X202 BOHL  HertBAFIYL GIEH T 1 SRR i U 9a9P 1 3F

fixing subséwét esempsriotdes) amge Wwastiddn s&t )gadintiiey prd{aee of the
insulating filmdirected downwardly, on a platen to which a polishing pad

made of a pRFbEde uF‘é‘Ph’élﬁ%e?e%fnc@\%%C%%‘ﬁ"e >OYD LR PR FHEN ¥} aced on it
to praducecgup Pl of BRAMPIESPor ThEaSPLdMSsh i d Nihdidde vias $okj-31ed ghy

rotating the platen at 40 rpmfor 2 mnutes while feeding a cerium oxide
slurry (sofPEPEbLRiRGt S18s B AMS IgiROTasd 309 MNgli 8S a8 PXYESBeFRPACElY bot h

at'a rate 9fq22 FhoELE, HHHA M g 8013 MRS Ryisd U ad ONiTEde 4 alren by
controlling nozzles so that they joined 35 together just above the platen.

After polishiagurepe(RaPSrrlagma 1C Jun PopPiekerremhianiemrtere bl der,
washed with runnin ter ], .and n,_ Wi . ul trasond ¢ _cleaner for 20
m nutes. Al %rs\%gﬁ]f%g? ﬁﬁl\[(g sd?%%’]‘e%g;&\/\té? elébezgveaﬁ’ frae serﬁ]‘he rier, and
the wafser wesctibgdpiossiPenranges from 4204 4o eFa. Thes cwe@eidedan the
filmthickness before and after é)ol i shing was nmeasured with a

phot o- i nt eRP@¥ent tRe| Fi L APeRneXs i 1y Bppited v 1 etFSR heOR HRaY

pol i shing pat@opédd Phereothethe1sméheon oxdnlead i prvdpHames yr ThEFopl asm
CvD) a silicon nitride film produced b onvjdﬁressure CVD was lo\érg)olished in
the same manner TonB@FMt ReSLLHEOR MR HhsE LM P NP RRRFF YT tHEP fi I m

thi ckness fetm1eresdiantersprldishiBiused as an Si-source, and ammonia:
20 NH; as a nitrogen-source, and the SiH,;Cl,-~NH; oxidation is
carried out at a high temperature of 900°C. An example of
the reaction gas for plasma CVD is an SiH,-NH; gas comprising
{ SiH, as an Si-source and NH; as a nitrogen-source. The

preferred temperature of the substrate ranges from 300 to
25 400°C.

The substrate to be used may be a semiconductor
substrate bearing circuit devices and wiring patterns formed
thereon, or a semiconductor substrate which bears circuit
devices formed thereon and is further coated with a silicon

30 oxide film layer or a silicon nitride film layer. Polishing
a silicon oxide film layer or a silicon nitride film layer
formed on such a semiconductor substrate by using the CMP
abrasive smoothes out the unevenness on the surface of the

silicon oxide film layer, to planarize whole the surface of



was neasured, to determne the polishing rate. The results of the

. measurenents of filmthickness show thatl3he silicon oxide filmp ﬂuced by
TECS- pl asma CVD and the silicon 15 nitride film produced by Iomﬂdé

CVD were nmade uniformin thickness all over the wafers. No flaws were
observed on the surfaces of the insulating filnms by visual observation
under a nercury- vapor the surfaces me e furt served

preci sely hS§W1§86 85 FHﬁséféﬁPnlnéttﬁé s SQpﬁBBEéﬁEB &t TQAf er s

(trade namgnha@1¥MRPYTeAch?@eParBhadrcedshnlDowrpeeneht E6phr&@ionlhdels a
Simlarly, a silicon oxide film having 20-,u msquare 5, 000-A-high

proj ect i onga&io1 9d- themraits: Sfc 89 1iE51p6I PsKédicaRdOKhEedEdLBe tBF tshi ng
uas measur sdedl oen B TR AR oPRLRoR5neLHREN -G RoLh Bl BroRECiFloRs O

eval uate the flatness u~ -~ ~d o ~ co ~ ~~'
~00 ~5~ poll@han@! @afcle/rsl@lm @1©r®dle'llm pélbsm@goram) of' 10 ©rCO rl

. CO ) rI g{){# the ﬁrarti:!I'OO)llﬁ 6% \nglg 5h}s dgfye%gngg~8e'i:wgeeN \th(r%og ﬁ
n +~~a @lﬂlCOO @xaép i lm-pod iNhdng lrate0Qa@dnmthe awldcomon@t@ide0 W1 -~
ri 11 ON %f%ﬂyﬂgfgéﬂ&ﬁg rate will be too small to stop polishing at a
position predetermined for shallow-trench separation. If the
10 ratio is 50 or more, polishing can be stopped easily by the
further reduced polishing rate of silicon nitride f£ilm, and
the CMP abrasive with such a ratio is more suitable for
shallow-trench separation.
The polishing apparatus to be used may be a common one,
15 which has a holder for holding a semiconductor substrate and
a platen (equipped with a motor or the like capable of
changing rotational speed) applied with a polishing pad. The
material of the polishing pad may be any one, such as a non-
woven fabric, a polyurethane foam or a porous fluorine resin.
20 The polishing pad is preferably grooved to collect the CMP
abrasive in the grooves. The polishing conditions are not
limited, but the rotational speed of the platen is preferably
as low as 200 rpm or less to prevent the semiconductor
substrate from being emitted. The pressure applied to the
25 semiconductor substrate is preferably 1 kg/cm’ or less not to
make polishing flaws. For shallow-trench separation,
polishing should make few flaws. During polishing, the
slurry is continuously supplied to the polishing pad by some
means, such as a pump. Not limitative but preferred amount
30 of the slurry supplied is such that the surface of the
polishing pad is always coated with the slurry.
After polishing, the semiconductor substrate is
preferably washed well in running water and then dried after
blowing away the water droplets from the semiconductor

35 substrate by a spin drier or the like. Thus a planarized
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5 polished by using the CMP abrasive to smooth out the
unevenness on the insulating film surface, thereby
planarizing whole the surface of the semiconductor substrate.
The process is repeated to produce a semiconductor with
desired layers.

10 The CMP abrasive of the invention can polish not only
the silicon oxide film formed on a semiconductor substrate
but also an inorganic insulating f£ilm formed on a wiring
board bearing a predetermined wiring, such as a silicon oxide
film, glass or silicon nitride:; optical glass, such as photo

15 masks, lenses and prisms; inorganic conductor films, such as
ITO; optical integrated circuits, optical switching devices
and optical guides, which are made of glass and crystalline
materials; the end faces of optical fibers; optical
monocrystals, such as scintillators; solid-state laser

20 monocrystals; sapphire substrates for blue laser LED;
semiconductor monocrystals, such as SiC, GaP and GaAS; glass
substrates for magnetic discs; and magnetic heads.

Hereinafter, the invention will be described in more
detail referring to Examples and Comparative Examples, which

25 however do not limit the scope of the invention.

Preparation 1 (Preparation of cerium oxide particles)
2 kg of cerium carbonate hydrate was placed in a
platinum vessel and burned in the air at 700°C for 2 hours,
30 to give about 1 kg of yellowish white powder. The powder was
jdentified to be cerium oxide by X-ray diffractiometry. The
cerium oxide powder was mixed with deionized water to 10 % by
weight concentration, and pulverized with a horizontal wet

ultrafine dispersing-pulverizer at 1400 rpm for 120 minutes.

35 The resulting liquid abrasive was heated to 110°C for 3 hours
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il~ As app&PeﬁﬁVFr ﬁYTSBFéuTzOFﬁgecﬂﬁrﬁb?énge Tha fethdl ?6+&%o|ish@ng
substrat espage9rdeBdwkeet PE1yBYQBERDE EaMpPRsish BoStéfegenhopletpehished,
such as a silicon oxide filmor a silicon nitride film wthout
cont ani nat FAget RELIBarvaparticdepeaporPsnruedi by al keppshEsalen aLeRtasn

sodi um i ong,; in I - e LN SEerabi d {dicon
oxi de fi|nﬁ%gﬁgéﬁ?gg'rgFg)?%gi?iggﬁgﬁﬁ%?i%EE???%1g%??sﬁan§igt@)/§§A%o or
more. 19 | ngasuriedl bgpphecBBI meghdde CMP abrasive of the invention is
suitable for polishing nethods used in the production of sem conduct or

el enents, particularly for polishing substrates for shall owtrench

separ at i onPlrepawstiph 2afPsppedalkyopobfsheaisurdatdet patbibkepdl i shed, such

as a silicon oxidg,fplm. wiihout gRking Ll aus. . Tng. Qb,abgasi veyof the

I nvention Is as we adv ageous 1 n oes not contam na?e t he

surface tophatpauinshedsent Bnal kakhedeial shesHER a2t 3061 ¢MEdHNS, had@dscan 20
i ncrease tﬁe ratio of (silicon oxide filmpolishing rate)/(silicon nitride

filmpblishiongivat @pouthd BuPoibradileowish whateénpewdeon | TheubedBes Wee
pol i shing Teheds usedol Bel B2 RLATUE: hENLG xSERYCRISHELEE16hEERYLS Begguse
It can I nprove the storage stability o
of the cerium oxide powder was dry-ground with a jet mill.
The cerium oxide particles were polycrystals comprising 10 nm
to 60-nm-particle size primary particles as observed by a
15 transmission electron microscope, and had a specific surface

area of 41.2 m?/g as measured by the BET method.

Preparation 3 (Preparation of cerium oxide slurry)
125 g of the cerium oxide particles prepared in

20 Preparation 1, 3 g of a 40-wt% aqueous solution of an
ammonium salt of a polyacrylic acid copolymer, which was a
3:1 - copolymerization product of acrylic acid and methyl
acrylate and had an weight average molecular weight of
10,000, and 2372 g of deionized water were mixed, and

25 ultrasonically dispersed with stirring. The dispersing was

conducted for 10 minutes with an ultrasonic frequency of 40
kHz. The resulting slurry was filtered through a 0.8-Um

filter, and deionized water was added thereto to give a 2-wt?d
cerium oxide slurry (A-1). The pH of the cerium oxide slurry
30 (A-1) was 8.5. The cerium oxide slurry (A-1) contained

particles with an average particle size of as small as 0.20
Mm as determined from their particle size distribution
measured with a laser diffraction size distribution measuring

apparatus. 95.0 % of the particles were 1.0 iUm or less.



25 ceriumoxide slurries. The nmethod for polishing substrates of Qf
~invention is suitably applicable in the Y6oduction of sem conduct ér JUN 2003
el enents because it excels in polishing speedily a surface to be polished,
such as silicon oxide film w thout making 30 flaws. 1 9 JUN 2003 22
CLAIMS 1. A CWP abrasive conprising a ceriumoxide slurry containing cerium
oxi de particles, a dispersant and water; and a liquid additive containing a
di spersant and water; wherein each of the dispersants contained in the
cerium oxi %?ﬁi;'alifartio%”i t(B% elpaduitq AAIEt L %& 1 RS BES V‘Ehxr'rg %a pol yrer

di spersant, erein said polynmer dispersant is a poFyner cont ai ni ng

ammoni um acr yl ate casiamc opddgmsiluzey i(Agledwest prappokyadmothemsacey| at e or
a polyanine-acrxjate“ a?p wher ei.n _t he ceriu%1gﬁide sLurr& c%ntain .ijl to
2.0 parts BPTW&ETgRS of r?&?&rré%éf’ ant PECEPIY &0 “E06 " Palts “by PR&i gt ot

t he cersumpeépdeedariin Prepaandd ioantlawvese0rdpliacéd Yybyheeceht uel okicieceri um
oxi de particles based on the ceriumoxide slurry, and the |iquid additive
contains 1PEEtLIGIGSHPrROPGRE 6 PREPGTSSérsant.  FheTRE P tasr seiempxide
claim1, whargiry qach )ofyashe di.spansartsicanbalaedsinrthe (genijum oxide
slurry and the liquid additive respectively is a polyner dispersant, which

i s a pol ynSendEit&ichiDig tdiedesi Wrhtac @ &VeTrageaPadsdCyfefilZ€d Ofn§Se dimErt!

3. The CwWP abQ@§hy2iof clgggélm.mggr igmegéh.of thg.dispergants cont ai ned
in the ceri®%m"oxid ?Iﬁ?ry Rd THe I|5U|d Gt tF e %%s%e%%l%ely is a

pol ymef ~di + swher el igd I I, .4 r.sa .S 1@
polyan%%niﬁﬂggéﬁgﬁg?gﬁﬁr ggﬁéﬁfaﬁ?ﬁgﬁgffﬁgkgege§lnghn1280éL%305.l%ﬁg'CNP
abrasive of claim2 or 3, wherein the polyner dispersants have a wei ght

aver age nol _ecul ar meigg} %j 100 LQ 50,3@0. a s. Th% cvP gbr Siée of any one
of claims ITTEXIWE & A HHREEETIN S §&1fr Pi¢ BAEC5°F. 6. The oW
abrasive of any 20mg of deaiingn tatr®omatwhh¢ldrateS@aer paaced anrati o of rate
of polishing a silicon oxide filmto rate of polishggg,a silicon nitride

film 7. ARliafiindmad@issate aney bovmesbridsithe édFpaitsiPRg & &PEpér BeNESand
wat er,  ghergy ny e M RRensayf Jss Xgel%'@i@%r w‘iiﬂiscl%ep%%fer.merﬁl%" SRt Rl e

di spersant 1s  a polyner containi ammoni um acryfate as a copolyneri ze

i ngredi ent ,idengdlfigddn e aemiluat @xddea byo Ky aaiyn didcrplcatiomedny -.whdr éit
the liquid hid v ' 1 %)% Vgl t i spersant:.; 8. The
liquid addiotaélj\cyerwf ocr%r%l%%‘ Zdb}érlgsﬁ \PE&O%C?TJQQCI alm ?,5 &f%g?lf&dnqgﬁg %‘l ?;?Ztr g}{alnltl is a
pol yamoni Uiheacrapiaine aride poinftdmirsacepleatroncgrysiallsi gfi @ Oaddi tlisge rimor
CVP abr asi v 3] : [ I [ r.yl.at r

pol yar ne- agt e a4 Ao obardvaee o RIS ERA B8k sf 1

100, 0000 1GnicHwsddngui caratidiad e sSeci@iR stwrdsicee agkacodi h8s,5 wiégeks t he

di spersant has £ a veigght, g i bution (weight average nol ecul ar
wei ght / nunber égg%aggingrécualr(Vé?%'t) of 1.005 to 1.300. 1 9 JUN 2003

24 11. The liquid additive for CVWP abrasive of claim@8, wherein the

di sper sant SNAINS AP ¢poR rd B%h Ve 1EAARYGR Fudslyyee ani ne, which

does not forma s
A cerium oxide slurry (B-1) was prepared in the same

25 manner as in Preparation 3, except the cerium oxide particles
prepared in Preparation 1 were replaced by the cerium oxide
particles prepared in Preparation 5. The pH of
the cerium oxide slurry (B-1) was 8.4. The cerium oxide
slurry (B-1) contained particles with an average particle

30 size of as small as 0.35 Um as determined from their

particle size distribution. 85.5 % of the particles were 1.0

Lm or less.

Examples 1-10 and Comparative Examples 1 and 2



12. The liquid additive for CVMP abrasive of claim8, which is pH 4 to 8.
.13. The liquid additive for CVP abrasivd7f claim8, which has a4qvasSapsi %3
“of 1.20 to 2.50 nPa s. 14. A nethod for polishing a substrate, can%ﬁﬂg?é@
hol ding a substrate having, formed thereon, a filmto be polished against a
pol i shing pad of a polishing surface platen, followed by pressing, and
novi ng the substrate and the Eolishing gl ten,mhilg_sup | yi ng the CWP
abrasive of anyCBR&UBF O¥LAPnS1YITLCE PRALLLGREG FHELEYSS t¥ehR BEFPER&T and

the polishtpgppagate therely Berhshvibeaki badvhw De Pabished.adg. The nethod
of claim 14, wherein the substrate to be polished has at |east a silicon

oxi de fil nM&KLUISS| PEoA RPFANBeOKLAMm FERREY 2m@r2oklaubd ad@btixp WBZhsi ve
0 C'a'”‘3’u§@8rﬁb9 Sgiﬁsﬁinbhﬁnd&ﬁgﬁiééﬂﬁﬁ fﬁf&aiﬂeghéﬂnéﬁﬁefe&éEE}ﬁﬁer

slurry and the liquid additive respectively has a wel ght average nol ecul ar
wei ght 0 7pe1080 t &ha0oreeolts arg Jumted 2§ Tgblaghk. CVP abrasive of claim

3, wherein eaChFRE &9§u§h§Bﬁﬁi@ﬁ%ﬁaﬁggﬁaiﬁega%ﬂ 5PeE£%@$PQ%°fi%? §! 4pgy and

the liquid additive réespectively S a nol ecular weig drstribltion
(wei ght averwge pukpevkdr bgeddghsbhuibgr invdeagrirneflecatar aei ght) of 1.005

to 1.300. . brasi i I ch_o e dispegrsants
cont ai ned %%egéggggggﬁﬁlggggé%sﬁﬁr?bga%é&?hﬁggﬁﬁtg%ggdgft?Qépr%g%éc?ﬁvely
cont ai ns l@heoke#tiaom baddeokliirey ammBrampde &.free am ne, whi ch does not

f oam alt, 19 _.The.CVP_abrasive .of claim ergin_the.liquid additive
o to 5. oBnET A SER AR b¥a an kR ek es "Ehch oihd R LA g adai 1 ve
has a vi scesllyamibniud0atceydat@ hARZing. a2keidhe &MPrabeandyvecalael aim 1,
wherein the di spersant tained [n the liquid slur is 0.001 to 2
TArts by wiEGHBToGF 100000k { & By RBTyATeEROEHBo Leh it oo HSNbaPE s B 893
cont ai ned anmbhectg@arUmedyhde askti-iyut2dn dbe1l pguhd abeast¥gtobrCEaiem 8,
wherein the dispersant has a_wveight average molecul ar weight of 10,000 to
i

h
40,000. 232MPRAINEY REd 40P EPAPm 14DenhdABiA RAEIEAPR abFad| VR FXaTR)BI Ped
bet weeyy, t hg h'E”bﬁgcgéiﬁggb%hﬁq4%”ﬂpéh§hg9§'§héﬂQcP byr &4 (4 tgpeously

suppl ying the cerium oxi slurry an iquid additive on the polishing
pl at en separatiel.y. 24. The nmethod of claim 23, wherein the cerium oxide

slurry and the Liqui d_additive_.are _suppli on_the polishin | aten_in such
¢ R Pn Efle Prti sEHidroRPaBo

amounts that t h& diSPEPEANT "EoRt Al PG G5t U §°1$ 07001 o 2000

parts by wenghtlip@idl@ddiarive by whogkt uektdt he EramphbeoXiderparticles

i di h i id | .. . .
CALL A g2 PACK SR EyARTsBR, SBnR The nixtuge s AHORA AR APRLLAPLRIATR. Ao,

A As nz0"f desulditing film one day after.

(Polishing of insulating f£ilm)
A 125-mm-diameter silicon wafer with a silicon oxide

film formed thereon by TEOS-plasma CVD was fixed to a holder

25 to which an attraction pad for fixing substrates was bonded,
and was then set, with the surface of the insulating film
directed downwardly, on a platen to which a polishing pad
made of a porous urethane resin was bonded. A weight was
then placed 6n it to produce a load of 300 g/cm®’. The

30 insulating film was polished by rotating the platen at 40 rpm
for 2 minutes while feeding a cerium oxide slurry (solid
content: 2 % by weight) and a liquid additive separately both
at a rate of 25 ml/min and dropping them as one liquid onto
the platen by controlling nozzles so that they joined

35 together just above the platen. After polishing, the wafer
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rate) to 50 or more.

10 Industrial Applicability

The CMP abrasive of the invention is suitable for
polishing methods used in the production of semiconductor
elements, particularly for polishing substrates for shallow-
trench separation because it can speedily polish a surface to

15 be polished, such as a silicon oxide film, without making
flaws.

The CMP abrasive of the invention is as well
advantageous in that it does not contaminate the surface to
be polished with alkali metals, such as sodium ions, and can

20 increase the ratio of (silicon oxide film polishing
rate)/(silicon nitride film polishing rate).

The CMP abrasive of the invention is suitable for
polishing methods used in the production of semiconductor
elements because it can improve the storage stability of

25 cerium oxide slurries.

The method for polishing substrates of the invention is
suitably applicable in the production of semiconductor
elements because it excels in polishing speedily a surface to
be polished, such as silicon oxide film, without making

30 flaws.
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1. A CMP abrasive comprising a cerium oxide slurry containing

cerium oxide particles, a dispersant and water; and a liquid
additive containing a dispersant and water; wherein each of the
dispersants contained in the cerium oxide slurry and the liquid
additive respectively is a polymer dispersant, wherein said
polymer dispersant is a polymer containing ammonium acrylate as
a copolymerized ingredient, a polyammonium-acrylate or a
polyamine-acrylate, and wherein the cerium oxide slurry
contains 0.01 to 2.0 parts by weight of the dispersant relative
to 100 parts by weight of the cerium oxide particles and
containg 0.3 to 40 % by weight of the cerium oxide particles
based on the cerium oxide slurry, and the liquid additive
contains 1 to 10 % by weight of the dispersant.

2. The CMP abrasive of claim 1, wherein each of the

dispersants contained in the cerium oxide slurry and the liquid
additive respectively is a polymer dispersant, which is a
polymer containing ammonium acrylate as a copolymerized
ingredient

3. The CMP abrasive of claim 1, wherein each of the
dispersants contained in the cerium oxide slurry and the liquid
additive respectively is a polymer dispersant, wherein said
polymer dispersant is a polyammonium-acrylate or a polyamine-
acrylate.
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and water, wherein the dispersant is a polymer dispersant,
wherein said polymer dispersant is a polymer containing
ammonium acrylate as a copolymerized ingredient, a
polyammonium-acrylate or a polyamine-acrylate, and wherein the

ligquid additive contains 1 to 10% by weight of the dispersant.

8. The liquid additive for CMP abrasive of claim "7, wherein
the dispersant is a polyammonium-acrylate or a polyamine-

acrylate.

9. The ligquid additive for CMP abrasive of claim 8, wherein
the polyammonium-acrylate or the polyamine-acrylate has a
weight average molecular weight of 1,000 to 100,000.

10. The liquid additive for CMP abrasive of claim 8, wherein

the dispersant has molecular weight distribution (weight
average molecular weight/number average molecualr weight) of
1.005 to 1.300.
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11. The liquid additive for CMP abrasive of claim 8, wherein
the dispersant contains 10 mol % or less of free ammonia or a

free amine, which does not form a salt.

12. The liquid additive for CMP abrasive of claim 8, which is
pH 4 to 8.

13. The liquid additive for CMP abrasive of claim 8, which has
a viscosity of 1.20 to 2.50 mPa s.

14. A method for polishing a substrate, comprising holding a
substrate having, formed thereon, a f£ilm to be polished against
a polishing pad of a polishing surface platen, followed by
pressing, and moving the substrate and the polishing platen
while supplying the CMP abrasive of any one of claims 1 to é in
between the film to be polished and the polishing pad to
thereby polish the film to be polished.

15. The method of claim 14, wherein the substrate to be
polished has at least a silicon oxide film or a silicon nitride

film formed thereon.

16. The CMP abrasive of claim 3, wherein each of the dispersants contained
in the cerium oxide slurry and the liquid additive respectively has a weight

average molecular weight of 10,000 to 40,000.
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in the cerium oxide slurry and the liquid additive respectively has a

molecular weight distribution (weight average molecular weight/number

average molecular weight) of 1.005 to 1.300.

18. The CMP abrasive of claim 1, wherein each of the dispersants contained
in the cerium oxide slurry and the liquid additive respectively contains 10

mol % or less of free ammonia or a free amine, which does not form a salt.
19. The CMP abrasive of claim 1, wherein the liguid additive is pH 4 to 8.

20. The CMP abrasive of claim 1, wherein the liquid additive has a viscosity
of 1.20 to 2.50 mPa-s.

21. The CMP abrasive of claim 1, wherein the dispersant contained in the
liquid slurry is 0.001 to 2000 parts by weight per 100 parts by weight of the

cerinm oxide particles contained in the cerium oxide sharry.

22. The liquid abrasive of claim 8, wherein the dispersant has a weight
average molecular weight of 10,000 to 40,000.

23. The method of claim 14, wherein the CMP abrasive is supplied between
the film to be polished and the polishing pad by simultaneously supplying
the cerium oxide slurry and the liquid additive on the polishing platen

separately.

24. The method of claim 23, wherein the cerium oxide slurry and the liquid
additive are supplied on the polishing platen in such amounts that the
dispersant contained in the liquid slurry is 0.001 to 2000 parts by weight per
100 parts by weight of the cerium oxide particles contained in the cerium

oxide slurry.



