SI LI CON POLI SHI NG COMPOSI TI ONS W TH HI GH RATE AND LOW DEFECTI VI TY
BACKGROUND OF THE | NVENTI ON [0001] Silicon wafers used in el ectronic devices
are typi cablzgizpseared from a single crystal silicon i ngot/ush@t/ons29ir st
sliced into thin wafers using a di anond saw and then ground to renove
surface inperfections arising fromthe sawi ng process. The silicon wafers
thereafter typically require a final ,polishing step to provide surfaces
havi ng very | ow surface roughness before the silicon wafers are acceptabl e
for use in electronic devices. 100021Current nethods of performng the
Final _SieheR mor Riiid FeRmPUSFFONSORT P 1BTR! RATROANSNE OO/ pRFReS LI pps t hat
contain silica as an abrasive in an aqueous carrier and further conprising
additives such as am neB: %rﬁﬁnm@tihéﬁytﬁhﬁhhlh}m@m ts as polishing rate
enhan ‘ rent i opal I|s nposi tions sili.con wafers generally
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silicon nore qU|6k |y to inprove throughput and nor e effectively utilize
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subst natts.@me«t%utetcheme Jificon eteRfarentefabiaent ok ¢ olocesnis dsueR. as waste wat er
treatnent regul ati ons, the use of amine additives is undesirable,
100041991, t hewrentractbodsnd ogripamipg ghedinal pelishingoilsan otdirs o4kt suekani cal

polis 1 l e
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abrasive, arate accelerator a olrsac charide, a base, o tlonally
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100061 Figrcl BY SElish A if?%?&c'r?&tcﬂm\)é 1BIRVh iR & ¢leRT cal - mechani cal pol i shing
conposition conprising a (b) one or nore organic carboxylic acids

or salip&ddher E@iistm(gct)tmqmemons amrtteslpmtl thsiaes hanides pebilegtiesh finenpadidy gr oup

or o Baese o PR g R SRR R PSR E LPE ey Rer s (1)
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bi oci des, and (h) water, wherein the polishing conp05|t|on has an al kal i ne

pH. 10005 Thelutsn eabrwevhdhy @atnqm»t smwgd@ onfsois iandl bieei g the edrsdaitce with
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content, thereby being of relatively | ow cost. 100081The invention further

provi dB404 et hisuttsre Erawrd Hl thy srdehanresd epiia-shchyne! sobdittate with the
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100091The i nvention prBRKEE&U& {eiaoy c‘él“i-"frt‘édharﬁi\c"ﬁt)\pol i shing conposition

and a t hod chenmically ani.c Ilshln a substrate
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t hat conventional am ne rate accelerators Iead to i ncreased particle

def ectpsaitamt mmmmeléssed:‘dhame amnpmd &sckterd substrates. [00101In an enbodi ment,

t he c chanlcal n_conprises,,.CoNsi sts.
easentPbldly of i B CetarBiel P ey S8 e oy GRB RS SR o
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from the group consisting of a hydroxyal Kyl cel | ul ose, carrageenan, and
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Olle or IOCI e organi c carboxyhc acid is
sel ectzadiof [Wtﬁhisl’?ﬁ(ig bPtEhatioRSE St hdg: etiudhg asdvax yhi dpuasaitisoneaminig@e aci ds,
hydroxy aci ds, amino-carboxy substituted pyrazine conpounds, and
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i nvent'i on desir exhi bits a'h e rate en

subst rdattezbéi_sc@dnbirsnglngb ramaved hod tmﬁ ptxtmtu duiantvitp endRow mxearmba,mmhem
polishing silicon wafers in accordance wi th an enbodi nent of the invention,
the polishing conposition desirably exhibits a renoval rate of 500 Ahnil

or higher, preferably 700 Almi n or higher; and nore preferably 1000 ikimn
or higher. 100121Moreover, the polishing conposition of the invention
de5|rably exhlblts IOM/partche defects mhen pollshlng a substrate -as
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4 .5(:):DH wherein nis an integer of 1-5; (iv) carboxy substituted
pyrazi ne conpounds; and (v) carboxy substituted triazole conpounds, (c) one
or nore pabysedshsei des sel ected fromthe group consi st iPag/usk01a/049629

hydr oxyal kyl cel | ul ose, carrageenan, and xanthan gum (d) one or nore bases,
(e) optionally one or nore surfactants and/or polyners, (f) optionally One
or nore reducing agents, (4) optionally one or nore biocides, and (h)

wat er, wherein the polishing conposition has an al kaline pH [00151As
descri bed herein, the polishing conpositions are prepared as concentrates
for cqsky &hieshbdEmsh Bpttngmm@!nt h&a &Lln tutﬁ tatugtt LAuPek 'n§hh{?(9n ha'lihe
pol|sh|ng conposition concentrates can “From 1 one pan
concemﬂnaﬁeﬁdsMummwth@ehxpanto%ndﬂnﬁhup“Kmul 50 or even 1 100 or nor e.
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silica particles), or conbinations thereof The abrasive preferably is
S|Ilcaub%%n&mMWME@sﬁhémal oxide (e.g., silica) particles generally are

bstanti al | h | - I .tL ed etal, id .0g,, Sili
;;rflgre;agenefglf; %'“iﬁgfﬁﬁ ?ﬁéMQS‘e'uﬂgg ggaﬁiuﬁéﬁyepgstiglesél ' c2)

10017384} si | TE@incanideovideONMidnsiealiichRfi08gRssisthy L@@Fé@n@ and a
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5, 230,833 or can be obtained as any rlou comercially avail abl e
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Ni ssan Chem 9 C ari ant Ftng “g 81lThe silica.can he or conprise
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and/ or “oxi dation of fhe precursors in a high tenperature flane (H2lair or
H2/ CHAwaioF ot fmm mmu@gdmh golvimere ¢ optipwdly oTher suirtitadosing eptds. ing, t he
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ultrasonic atom zers. Suitable funed (al so known as pérogenlc) S|I|ca

par t | GNERC-aPBOROHHRSY efes) myRzalarasady. PRFTBEIGERPY sshEhulas vesBbt |
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average particle size e part ter). The silica can
have am:a\xer a’@hc pﬁrshmgltmmammbt tfhmm{m[mm'déiel,dbﬂ.&xlh[h‘lt:s(al’hislflh)fe&lm@b@ 15 am

or nore, ﬁ ITI or ? rimor { Al ternatiyvely; P addition,

the sifiPes ‘eéé*HI Hued § “Qé@r"ab‘é Pt p opdhes ‘%{éh*’bf“‘?@tt“hﬁrt’*81‘““1‘%@3“ 50 mil or
l'ess, plaggnﬁt‘r‘@th%n tw‘%‘x%?g m%t:@ardmi’clsQ\1ﬂ{‘atpefmll»tﬁ§z§temje(?%é%Uex%nl ﬁ%?ei;ggncw or

| ess, 80 umor less, 70 MD or less, 60 urn or |ess, urn | ess, or 40

urn om0hwssunﬁﬂuwubhhﬂhéutmaanoaﬁIMQwéﬁ%hiaumna@aﬁpanntkr@hsNﬁbihmunded by

any two t he,above v exanp the silica can have an average
a1 &¥ biRbed dng e Bfoa ol AP R0 100 um 20 urn to 100 nr 20
urn t go@Qur Niodldvet, fhd @oiBRinklcMup8siidPoihe n’i&@nﬂ&t BBiraFRIexBivi@ M pher i cal
silica particle, the size of the particle is the dianefer of the snmall est

spher @attivdt defersorrpas selshitee plprate) s dehmingd by iseitabls legnignest Hertisid | ca can
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conp05|t|on can conprise_any suitable anount of silica. The concentrated

pol i shRgdBmBcsRIOs CARNEERpeS Beiphjiguobgun rEggosge (BCQDcan e yged 15 wt. %
or | e§8 yeid Quilth nda e )L?&ﬁ obp thg%? bekﬁrgr@ss &\%ul%tx N Qsptl,ﬁﬁ? S]il%GT\N:}‘f }?/Q}Q.’Et l ess 7
W.%or Te ess, “B WE . 9% o ﬁes%, we . 9 |'ess % or W
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conp05|t|o can co 0.001 wt.%or nore of si
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Thus: the polishing conposition can conprise silica in an anount bounded by
any two of the above endpoints recited for silica. For exanple, the
pollshlng conp05|t|on can conprlse 0. 001 W %to 20 wt. % of S|I|ca or
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[ 00321Fhe am noal kyl group desirably is an amno C -C6 al kyl group (e.qg.,
am nonet hyl, am noet hyl, am nopropyl, am nobutyl, am nopentyl, or

am nohexyw®.20@n307521 ustrative am no acid conprising an &girnsadiphoc29
substituent is lysine, wherein one of Rl or :R2 is an am nohutyl group and
the remaining 1 R4 substitutents are hydrogen, 100331The carboxyal kyl group
desirably is a carboxy G -C6 al kyl group (e.g., carboxy Me thy!,

car boxyet hyl , carboxypropyl, carboxy b tyl, carboxypentyl, or

car boxyhexyl). Illustrative am no acids conprising a carboxyal kyl _
subst 'Lbr#fear ek %k YER) LJu‘M\ (erewlaertnaﬁparta,qir aghig AN @itk asGeRGfyd, Wherein
one of is elther carboxynet (aspartrc aci d S or carboxyethyl

(gl ut amcon.agmi@red il tehevereivapnlisigng cmﬁ&sﬂlﬁuiﬂ:emmtémhﬁ 'ar)e(hyﬂlm@g‘e?ﬁ(mn ot her

illustrative, am no acid conprjsir ne or r rboxyal Kyl substitutents
is nrﬁPWﬁBPriﬁ%eﬁrcﬁgh‘ﬂm“gﬁ%# Rg@gﬁﬁmgﬁnggﬁﬁﬂd ﬁ?ﬂﬁg yd?ogen and each
of R 'o@nd R4y ﬁéﬁ)i&ﬂ(;ﬁ%ﬁ%ﬁzwh of #RASALTDE dBY AL Rk M 39\5,%9@ dgsirably is
a hydroxy Cl-C6 kyl "group (e.g., hydroxynethyl hydr oxyet h

hydr oxpppelopy b suimrdreo rmznedriymtmgrlpmxyrq,uewfm;pdmragﬁl é@kyregld nAOW
%LEZ}'&%@%}#&%&?{Q@% 1Frcrﬁ§m.ie%cﬁv dﬁ\n\grn,b?ﬁyie&ioegﬁﬁo?* i“?ﬂéﬁ%f Lﬂ etlr_.&l ;456” ne,
subst itdk@ifus cak Be bydrio geasurdngtengl pdlishatbiubabive ARIRGRCEGeCONPEIlisbNg one
or nore hydroxyal kyl substitutents is bicine, wherein each of RlL and R2 are
hydr Og}@ﬁ»}gﬁdx iHhGR yfenRve pelshRe g@ﬁ@rowgﬁ dgy@bhyrmb d[}’@@@@?})\?\ measwementPhe am no
acid C r 5 /R4 tre
Conne%?g £ m%ﬂé L ‘b%{é‘me@é%ﬁ% I, r\gtlﬁoﬂegs %ﬂ&n% ;E%e e&bl@ﬁ‘i‘) %ng o ie§3, > 3.

4, 5, [o81d), ﬂmeri&hw.(ﬂaner{ﬁmmﬂrpoahimp@ashmposimetredaeo@i}rgIumm@agmunﬂk\ dafn a
preferred e nis 4. Pipecolic acids, picolinic acids and prolific
are an®) ‘rqurgqvawr%%ﬁ B ARG ARG T P R A RO OFORR Re ar e
connechdsitlo iyl fic gHOUPHLordhuag: (C1- 1-- CL-0, “group. [003611n

accor dance he invention, amino acids can have any suitable

stereochem stry as appropri at ggl.e- gngﬁircég% and m xtures thereof,

i ncluding racenmic mxtures). 100371Suitabl e organi c carboxylic acrds
include aliphatic hydroxy acids of the formula 3 2 R R C 02H wherein n is
an i ntvdyerin ofis @ Bugger of O-Sanil sadh ofi R’ angt R*4s iBlep@idemly gead)d frtandhtee‘@hp of R

nycir Xy R SF AT e el ol 1 @A shRS i MR AR, o
hy dr oy adkls ehodpD add Rhef iy B6r @BROticIBAs bitwekn ﬂhhe*r:aRrF s@mhydr OXy aci d of
formula ( I') is an integer from1-3. 9 0038j The a group_of the

al i pha’t“#‘—’@@’l*fiﬁérlbkykfdé‘il foprihe gropicangiagng o stagl. e’iari g, of Havirdrruﬂ@ﬁ @u)pmc!éog
nethykm ﬂefeﬂﬁﬁ?yl butyl, pentyl, or hexyl). Typically, the

hydr ox y group of the hydroxy acid of formila (1) is a hydroxy Cr-C. 6
al kyl (e. g , hydroxynmethyl). In a preRerred enbodi nent the hydroxy acid of
formula (1) is an aliphatic hydrﬁx%fécr II'lustrative aliphatic hydroxy
acids of formula (1) include, for exanp % | actic acid, glycolic acid,
24hydr oxybutyric acid, and di net hyfol propi onic aci d. 100391Sui t abl e

car boxyHedr@n agitdst el R HUNghdRBisas@pehdeilh wabauy gl s pefuptcbasifaraad a (2):
COOH wherein n is an integer of 1-5. The aromatic hydroxy aci d can have
any sUivissee %‘u"%ﬂiﬁt*h‘f*r~(§W§bat‘~f“é’r‘3ﬁ‘: Phylgroup pdwdwoxypby arroupard-Hupst i t ut ed,
and/og g Iy o ) i-hg
earp EEeaid s ACHTERLE, Bl RieciFRRRE R G A0 AiER) o ROl bl

t ri hy gnoxybend ok {ﬁhmdpl(anc&mhcgalakme ofitirdlila @¥yhydr oxybenz01lc acid, 2-

hydr oxybenzoic acid (Le." salrcylrc acid), 2,4-dihydroxybenzoic acrd

2, 3-di hydr oxybenzoi ¢ acid, and (RBIRYC 8Pdbenzoi ¢ aci d, 100401Sui t abl e
organi ¢ carboxylic acids |nclude carboxy substituted pyrazi ne conpounds.

i I'] ustwiakdin@ St inddleeot@siioxyn SRSt R utded qyr 6&28)0&1&@1@13@![1&613{ isficl ude, for
exanple m _nopyr azi_ne car boxyl.ic¢ acrd 5-met hyl - 2- pyrazi ne car boxy he
aci d, @rﬁérz Srigctod éfarrﬁézquu@ caBFiEhng 9 hydiqest. ﬁ\}ﬁ ierrs%m @¥nts of the

car boxy i§HQ§ Lt Wh@%mp)r tegsk @&d &ﬁgr ﬁclbtr%u e AL {rx%aé«gprraprcins& %T&h@x@' kyl
groups" Z : , propyl, “I'so-prop I so-

see- butykpiuﬁnnﬂtmmyl pentyl i sopentyl, sec- pentyl tert- pentyl

neo- pentyl, hexyl, iso-hexyl, sec- hexyl, fert-hexyl, and neo-hexyl) and

| i near and branced C. 1-C6 al koxy groups, and C4-.Cl10 aryl groups (e.g.,
phenyl, benzyl, naphthyl). The C647.10 aryl groups may be substituted or
unsubstituted, 100411Suitable organic carboxylic acids include carboxy
substituted triazole conpounds. Illustrative carboxy substituted triazole
conmpounds suitable for the present invention include, for exanple,

3 anrno 1 , 2, 4- trrazole 5- carboxylrc acrd IIIustratrve substrtuents of the
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typically 300,000 ginol. 100481l n keeping with the Mvention, the average
nol ecul ar wei ght of carrageenan is such that the polishing conposition is
enhanced Ww® 20e2863075Red herein. 100491The poli shing conpo®Criuspoiconwed ses at
| east one base. 'The base(s) can be any suitable base(s). In sonic

enbodi ments, the polishing conposition contains at | east one base that is
an i norganic base, for exanple, an alkali netal salt (e.g., potassium
salt). Typically, the one or nore bases are selected fromthe group
consisting of alkali netal hydroxides, alkali nmetal carbonates, alkal

net al bicarbonates, and borates. As kpnown in the art, suitable alkal
nmetal s include, for exanple, lithiu sodi um potassium rubidium cesium
and franciurn. [00501ln a preferred®enpodi nent, the one or nore bases are
selected fromthe group consisting ed otaSS|un1hydrOX|de pot assi um

car bonate, and potaSS|un1b|carbon$§ 100511l n a preferred enbodi nent,
exanpl es of suitable borates include/boric acid, potassiumborate and di
pot assi um borate. [00521The polishing conposition can conprise any suitable
annunudﬁﬁaﬁhesmasmﬁ&)afs&chxtmwmmnheaghum&pthemp@bn@hmng aanpesirboon 1S

al kal i ne. artjcular, the pH of the onp05|t|ons i s greater
t han ?ub&ihﬁutadgr%f} PEWORT o) (PBAPT f“f‘ﬁé“’ghdbﬁ”fia@ 35@1 oy hecBRpdsi tion i s

8-12 tc@n‘gﬂnnu%tll%xdﬁnjvjr}zi\ RetBosd a%rq* ue@handand xakhanWin) (&) RIEH8EAPbYsckhe pH is
9-11 9- é The pol i shing conposition optlonally conprises one
or rmr{ e talzmmﬁeibst anmr n‘nALtsyrﬁmanb dn(h@d&@nh@‘g&fImﬂtnhel?}pmesfenn@L@fdtsumf actants
is often a reduction of the ver$ gng @ o% qe silicon StiffaCe

The aBSBHptELPBRAYPIGATIRED YiS- pHED “r‘l’f’éo IR RIRENE PEPPETNRe t he
conta%gsggd&gﬁwqpqa5|ve particles with the silicon at the surface, and
since contact of the abrasive particles with the netal surface is the

pri mard{tifdchans gaichped bhpehthe hﬁehsﬁn‘xaﬁ e@nms%dﬁffna@e? prepabd adedcentieesrfehoval
SR G R R S e E (R B e

of sur Foweve e of one or
nor e syafcdehRBts htnéi‘hh&l froment (ve, @n@i ;bﬁhdihguﬁﬁﬂf(ﬂmmﬁ\! Nt gy api-aggods! y

i nproves the haze or DC() defectivity, 100541The One or nore surfactants
can bé Prasefr HIHOoR& WD i shing, conposition in any suitable amount. |f the
anount surfac S). J t. b th t he
i ¢ 1oPtels  BEARRH Sk 4 it Qo REbarhDECRR O BRBe b B SR ETS ™ g,

t hen aucteshuctiippocasnibhe oxidopwakies gt g, mst—pmseméﬁta piiﬂefmgrﬁmm-d ofetdl he

sur f act ant s) can b 0. pm or. nore, m or e, 5 ppm
or o idegBEiReste .4 &Rn-%nﬂwemge Bﬁo‘rﬁ‘%t?m‘ C@%ﬁpg?ﬁ P b arefaigh; Ypopm or
more, i &g,@{)o\}(@p n@isa@&% mpéet(‘?:r’nafil'icvzﬂkéhmﬁg Lér@leﬂﬂddi kﬁﬂldtﬁzgﬁv fRupy of the
surfactant(s) n be 0O ppm or | ess, O ppmor |ess, O ppm or | ess,
400 ppnbmwmjebéyhmmx&ﬁﬁdbpnnanae@a&)WmushsghEﬁﬂbJmshhmg4$@ﬁpg®gwfmn can
conprize one or .nore surfactants in a total anount bounded by any two of
the afbPENERE PBHEE endpoints recited for the surfactant(s). For exanple,
the pgb@ﬁﬁp' ngiﬁ@ﬂﬁ%ﬂn‘ ﬁrbiQ@ﬁl SR ;ﬁ@c&@sﬂ@ﬁﬂé@ 4O RBR-pdR PG 0 800
ppm 50 ppmto 4 ppm or ppmto 200 ppm of the surflgctant(s) In a
pr ef emfetf:cen@bﬂlbﬁmtpsmttﬁe}aﬂcmm“wpﬂﬁaneHs:elr'crthﬁhmﬂ(lg)kmww ey qs)fm i shing
gﬁﬂ?g mé afe? ? Loédeﬁ%% %1{&!@1;]%&%&3 &ﬁndzﬁgg%gfex ‘ﬂ{f u.el?lenﬁp%% iee dare B@ﬁn&d

sur f agk aisg anchecipatRlcpdiat ﬁ’dﬁ‘t_WitI’hl aryioos el \maxsx@é }jﬁﬂtiu {: &%5 1The
surfactant(s) when present, can_be any suitable surfactant(s). Typically,
the sUFFPREE anﬁf(@)dwq with b3 dintest %&*%’bﬁﬁﬁfﬁe%?‘aaee Y S VP LS non| oni ¢
surfa f; ; I

cur 1 or e AR RARHE SR AR kN o L RO T R BRI ant s

i ncl udeVaitEiplpemivet, didihe Susd BLtlaft sl il hyidriiphobiat’e, Hi.JoPy.etthyitiebie, gl ycol

factants, . 1.0/ J 1l ustrat.i | | | fact ant th
ORIy slicts Tt R Pyl Bt Sy Pl plavess o ol & pOBr SRS 8. A
exanpl 3‘?0{91{{5%*\ bl Yo NG} 3@@{3&@@3@@,;1;&1%Mﬁ%\dﬁ\é% (llenBeal, Clariant,

1, 4- dllsobutyl 1, 4- di et hyl but ynedi I's a nonionic wetting agent
and mehe otkrr defoaner avail able as a waxy solid, a I|qU|d or a

free-f) ow 571IIIust at i | ve ate el ene gl yco
(ree RS PRYIEL: ChOBSTH LUt LN LY 3 spohpLed polxet et ene, o voo
comme gﬁdnﬁhéd/ frbﬁnmi&iepenm@emeny sil0n ﬁmamai @ OfyradenkGERAGs syl actant s

| GEPAC CO- 730, also referred t6 as nonoxynol-15 and BRI J' F' N793 an

et hoxphéeasidatisn olghe preoprsopo0s St apeiury Sematilvar aoh 6dlGid & f act ant s
i ncl ude copol yner surfactan conprising siloxane units, ethylene oxide
units, and propyl ene oxide units. The structure of the aforementi oned
copolyner surfactants can be I|near pendant or tr|5|loxane type
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15 00661BORCI-11" Gel 0024 is a liquid, glycol ether-free, non-ionic

pol yur et hane based thickener that is used to produce Newtonian flow in the
medi um arsiolzbn3gtsear range. BORCHI " Gel 0024 can be usedTius2aomiveaat i on

wi th other |ow shear thickeners (e.g., BORCH Gel PW25 or 13C0RCH 'm Cel
1LWi4,) to nodify the thelogical profile of a conposition. BORCH " Cel 0024
has a density of LO4- LGS WnB and viscosity of 2,000-10,000 nPa-s, as
measured at 23C. 100671BORCH " Gel 0434 is a I|qU| d, glycol ether- free,
non-ioni ¢ pol yur et hane-based associ ati ve thi ckener that is free of

sol vent @ty IRIIGHQIL etrhezeal f‘&‘?d:@ﬂ%@mm%f’& &H@%ﬁ&@gﬁ ?%Is'imPf it ant S)
and ti'n conpounds, has a | argely Newt oni an theol ogi cal profi

Cel 04@4{.)6:@tmmsflfmmommz:@d&h%tgemhmmmvharhf:m axidoopobet borpiteotest ab| I | ze
Vi SCOS| é artl cul ar. %%qger shear . h 1" Cel 94341 has 2 density of
1. 01- 1‘@ “b SRR TITR LG &onyest: ME- Bt P Rrey nlted¥ir ed at 23C.
[ 00681 BARGHE atdhizdis 7 SN AtSe Bichd AisH knBhH GO Ly RLRGEY i ﬁ&ep'n Q8 4QNi C

pol yur et hane- based t hi ckener manufactured using aliphatic isocyanates,
BORCHIcom@esicibing av o lahletii comgrodscess fuchves Srabno il ekuyamae md Evonk Deadssas a

st abi | Qus st ens he t.heol ogi cal oflle of

ol sibERhy ' GBS BRI R suPPR AT Tk L S e R R m el
. 75N I&i@(ﬁn@ez\!l Fhositity cdifisse ih aneBz 0P L18 Bire 9 4% HEASH! elin@tor2dlee, @M
[006910c her exanpl es of suitable polynmers are the DSX associ ative thickener
pr odudSMaVEIPELFE IRY Sl @8 gl B TRENDEX Attpakehe s i phkEn. g Yoarether and

2oLV GLOAPS, A HOVER oBp ik DSRS0 Ryl SR SRR,

by t heotass, 00 ;mSmbIeLs eueach ditiads, Sthefnhyddfw@p‘hnmmr foas iOnmh catesk, s[)dnex gr oups of
the DSX thjckeners conbine to form networks that serve t '.ncrea_se

Vi sCos FEyOTor HRET [56F i E%I‘n@‘eééh‘ﬁéé‘? RGN ANRERE PRACIEa GRS UBIIE DY ‘I‘ﬂ‘c‘ﬁfé’ner is
DS- X" 3 Sl d ifeaQhy By D HSEASILY.

4000- G000 ohey o C RS Yl AR P o s o S R e o,

t he paltDshi,Ag zwompﬁm mnci’rﬁ} wo hpiises. Thenor Sﬁnﬂe”&/anem-@(}sum ubl2@ naciyl at e

I t abl | f. t bl [ Gel A LA
e | G Farh P BBRar & etel Sorehel hedar Al CAMHEeTEHE o B ow ng

Pr opershiaB8st shheblitie WhdoPpsoéh 8Osk t‘ide ar h@;@uu@; Qfze 2}5YIIQQQTI§Q:&9@@1¥I€@P Ao,
non-vol atil e content 9- il@ pH> 8; and a density at 20 'C o apprOX| mat el y

1 05 gs/%wgs’em ﬁ@"rhéfr tegh‘ntnafblf@‘ mameI& s@hybﬂse datirytaam @Lb@ﬁymr‘gutak e the A
AL m}MhLI]_C gzﬁ n%%snurxm&& n{\mzmlpmx éxrt %m ¥E\I€‘Y me de %I fI\r Smlnsggmé Igﬁr‘l\?lah ‘t”hat

serve {&s).t heol ogy rmdl fiers to facili tate a reprodu0| ble viscosity in the
16 pol.i shing corrp05| t| on. Suitable exanples of ALCOGUM L Series products

i ncl ud8924l coGEhapoliskmg qBposisg cEPBBIPTOPY SNtbbeWW of 1507.5Thh

acryl 4 C I Phd edo.a % Ve wat er
navi g ETaTar POnp e Sfhfo SRM RELRPURPL) G Py BRNIRRR 2o 08 M1 b0 Soost ty
of 10,860t &: V08 i(iﬂl‘R 9105 m‘\I&ﬁ-I‘J W23 'oV]esd @ wiror I&SB‘%\( EIJ M)Ms[ 6@&2 1AL COCEThe
L-31 is base B‘ et Igyl Iateneﬁ@acry}l i C, acid cog’g % ALCOGUM L- 283
is an ]%t%’ryI“’“ét‘em e d et Ps osh OB GIY M- EpBh 1 e oDBds RerelibgPPds in
vwat er @MM«%%@E@HI?@I}I &%IIrysemefw% % ﬂIdf@hf sifel Wbl & eyl 8j gn pol ymer
(e_g., hi ckener). has the fol'l owi ng properties; pH
4.5-5 115mc‘§0! Md§o Qﬂn@&f’/& *wshzcis ingeyre, 3@ IO@@uE}Zﬁ@@@OEﬂQ;d 2119% GempplishigpH 9.
NH4011. 25 .C, 10

b od SRS (i G5B G b Bup o Sh s ed I M Ui PoHes SRR Yorer s ¢ ha
act agediclTbXQh&OMR cREBME . thARclidiMSES@idsMRnlcBh ¥OhpARI €0RORN e oBORCH  Cel
Thixo 2, which is a thixotropic agent and thickener of non-polar/weakly

pol ar widh of eilicago P40 e P il s kit fig CBHPESTo A wat (WAl Wi ﬂdi@rﬁiprfi %es one or
nore r, teS. ed d 0G, S any. ui; u0| ng
agent Oe(%ﬁugg’tggﬁ{e} e %ggfﬁé %i%gn g Q?gfnﬂ L(% @R@fgﬁe{ﬁml nX tFa po? $Hi P ng

CONMPoSy \Ii‘me&ﬂmhnﬁf@@ﬁz@eiftﬁi@MﬁJdnh@tlezh@@dhi}mﬂi avepdforcbingribys, Whennugi ng
soft polishing pads and | ow rempval polishing pads (e.g., ClE(IAL" 7355).

||| ustusatheirees Qﬁbf‘em‘rdébﬁwngﬂf #behts include sulfite salts, for exanple,
pot asﬁbMAmt 2hi §III %&ﬁckl Qr%?é*l{rbﬁre B8R OhEe If?g’f&h&%&g?eﬂ% of@n be

pr esent t he nposition in any suitable anoun TF% he ampunt
of r edumpngnaxge"ﬁhz( s)m ILBII:bldG’LﬂtQWp thdmmpm:oadﬂaﬂtcagamm&s@ﬂoéerimdi wmﬂ t he
addltlé)uglé t he redgcé: ent. If tﬂgl amount . of g;il(:l ng gent is too
hi gh, “Rlefehiabiigr whgelq e SR Otk eGP P REUBH T Moo EXabi | i ty
can be observed. The polishing conmposition can conprise 0.0001 wt.% or nore
of the reducing agent(s), e.g., 0.001 wt.%or nore, 0.01 w,%or nore, 0. 1
wt,%or nore of the redu0| ng agent(s) AIternatlver, or |n addltlon t he

I L o " o Y b1



SP1 at a 120 nmthreshold. 100851The polishing nmethod of the invention is
particularly suited for use in conjunction with a chem cal - mechani cal

pol i shi ngvappwy@d1ss. Typi cal |y, the apparat us conpri sesPaTfiSatign4sahi ch,
when in use, is in notion and has a velocity that results fromorbital

| inear, or circular notion, a polishing pad in contact with the platen and
nmoving with the platen when in notion, and a ctinier that holds a substrate
to be polished by contacting and noving the substrate relative to the
surface of the polishing pad. The polishing of the substrate takes place by
the subght ahendiGl B9 aé‘&@@k JR Q0L A6 oW sééﬁlﬁnp% 5 e %Igﬂﬁ% iapdedhe
pol i shing conposition of the i nvention, éh then the polishing paé novi ng
r el at iiwte at l®0trhie gsdbsthed ayimdes en»:h&ﬂctxmc‘ab Hadé vasgitaegistor arrpmrcﬁ‘r‘?dmucsf titehe
substr te to i sh, the substrat.e. %A substrat %n be shed W th
The: crlieii Bledine S BHrtsh oo e DHoR T L) Mrtabied por i shi ng
pad (%xgn&ﬁwﬂi;ﬁﬂhﬁﬁ(ﬁuﬁﬁﬁﬁﬁMwh§th€ﬁk§m@Qhbﬁﬁkﬁﬁr@ﬁﬁﬁnﬁﬁ@hHQ%zh@or
exanpl &, woven and non-woven pol i shing Mor eover, ‘suitabl e polishing
pads eaaﬂuwdmhs@raw i tirma bl g'opol dimded grf timamymh@ndengatm bf haitidive srs,

t hi ckngs ressi & abi und_u npr ession, and

conpr ES R RoaunTS el M8t b L i BER GG Fe e

pol yvifmyl/hl<op.5). deorepbievitmy lifid viies bs)- rrﬂyL s 1dsh aranwa@@rb apokgicar bonat e,
pol yester, polyacryl ate, polyether, polyethylene, polyanide, polyurethane,
pol ystyrepslorpl yplespdre aecaieblc G med products thereof, and mi xt ures

t here of t- r. in

con uﬁ&gzzi 1{\’?‘2 I‘Xﬁr‘{%te Q& “?é’ebfﬁﬁr 1P@o‘i‘x§p;%§q gﬁé %.ﬁr&&{t& Mozggﬁwlﬁaﬁég 1 ude but
ar e natith 4 polly ﬁddﬁ@rdSUBEiﬁMsu@@,O A rﬁUREhaN'L x.xSS\AbthHMBﬂ G)\Gih(ﬂﬁlﬂmhﬁhﬂkih y

avai |l abl e fronrfor g Fruitl ess Technol ogi es) éﬁlTEXl or Fujibo
POL YPARH: ‘TW‘??’ Hy, pyo m@zm@e’f@zxwrw@wfm@%@f pee%ﬂrri 8PHEBlY, the

chem “c@ %@Mr?@xhé&@ d Ridh Re @ém%@tl&k% ﬁBH{{,?L BB ORI IRLRAN 10 situ
polrshrn pol nt detection system nmm which are known in the art.
Technijggixd fofhan@m@d@nmgdanmbhmnmhonln@n1MgmpoLm®hwﬂg pnhcéBSHby anal yzi ng
| i ght or ather Badraﬁron reflected froma surface of. th@( u?s e belng
pol i s8OS RO TROPTOB SERPHEFIIBAST BIOL° GeduicicBRg s Viocids in
U S Frirest aridO8d3RS thblest, sEaEEN oM iﬂ@&(@%h}ﬂ:’%igﬁr draheida Boao ﬂ&@il U S,
Patent 5,643,046, U S. Patent 5,658,183, U'S. Patent 5,730,642, U.S. Patent
5, 8384&37&1711{}0smdpamie)rft\'da‘%mwbsm? ariSxy Pabeineted pBOainT %mwueis Palt(sht

r5m glﬂf?(%Q%H\\ xr;ﬁm 1H1ég,d mgz? gh }m&tnnyg ﬁé} \\:s?ﬁ}lz%té)%ﬁ rt }8 (Sgs Jﬂjt 2P gé}:iﬁ: lh{._ﬂﬂ n

subst ﬁabeﬁreb@cﬁ ngt @z@khﬁi&ﬁdﬁx@;ﬂa@h@ﬁ atddehetieliening paticeof. itha) podibsiiag
end-point, i.e., the determination of when to term nate the polishing

pr oc e SwtORdBpeERIEdYRCIS AP @mpayBdt feat eNERMVPIES 700881 These
exanply he invention but, of course, should not be
constlggﬁﬂghﬁ$ﬁéﬂhthyaﬁﬁﬁﬁgd? ing its scope, 100891Un|ess ot herw se

speci fib@ex] t h@h@@biisﬁhlg,ﬂgn@ﬂﬁhﬁbﬁ cansomymdosapphiehidatSowet enasr hotd ows; a
Planar 472 olrsg \T 3.cmp-doped silicon wafers at 37.9 kPa down
f or ce CTEHpK b'ﬁ‘?“t‘ bAEH épé@‘al"’ié’ﬁﬂ‘ 1‘5"6’1’2’6‘@“%‘“‘ PGS ff")aoﬁr“ﬁg 06%%6%}“} ion flow
rat e ihsiRit 8o RAIPRIASNEAY RRRASY L Abridf AT USLERW, biY RELARST um
hydroxr pol1 shi ng coﬁbosrtlons were prepared as concentrates. The
concemmma@ééremmmudhhbce*edimﬂord (Poltshiatigelysimg addwen ghe pelating of 1 part

concentrate.to er. 40 1The fo‘ﬂﬁ g revraﬁron are used
b ougrBBpS R s 2 st S PRTE e BT Re P (g O

hydr oxxat hyhviogbt b0 e o Gl (E(()r)u&ns ﬂ?ﬂhﬂmﬁﬂ@d&@%ﬁ%ﬁr'ﬂ)ﬁbd@ﬁ' W{;@%‘tﬁ (MeHEQ) ;

mal onic acid (MA); tartaric acid (TA); gallic acid (GA); xanthan gum (XG;

car r agebrang (:armgvmrfamamowr ige Pren)t meplie pegrib enrbrivdic @pA)sb ugh yskime g y ) ;

ssoar U AP i B R RO TR BRI ATC P

di met hydded)pr epmm[ﬁc agd ghl{-PMRALinpRbIESS aZd fenpr{sR)) 0BOREH: to Eelt ¥ BA0s and
COCI NI S DSX” 43000 ( DSX 3000) . EXAVPLE 1 [00911Tlh|s exanpl e dennnstrates
that poi'$h? ig-"edhPosrticdhd \btr Yot REOT Hent R Wik oh teorprrserspniéa, an

Or ga”' afidf g’ l?x?x}ﬂ Jr H Qfm%nd?r Ql ¥3 ?ﬁﬁﬂ@r’i 4 &ﬁnpaﬂnﬁ%ﬁ]%mg%éd Raahlyy f?s (SHpFact ant,

wat e can over ubstrate hi'ng properties.
[0092n§rMNmmnammbsﬁkaﬁmﬁsmere polrshed using a SURFIN 000 pad comrercially
avai | e fro |n1 Cor ratlon t he conditioons with 6
di ffeﬁg 1 po ri O LD ITLEY R qrézeiﬁﬁgw 03 1eigRBYE t i ons

identified as Pollshlng Cbnp03|t|ons 1A-1 F. Each of Polishing Conpositions
1A-1F contained (a) 0.2 w.%Ens PL2 silica particles, at point of use, (b)
the organic carboxylic acid TA or MA |n t he concentratron set forth in

o 1 I~ 7 AT NN NN -



. Atininl (counts) (counts) _ ppa,--- Il Cl none. none
7.6 13 70000 70000 2,779 C2 none HEC (607) 9.8 ' 664 1888 368 0,175 IA TA
(120) HBELOE6LMB0758. 1 124 11868 3868 0.017 1B TA ( 800QM)US2011/049629

HOC+{ CR'RE 3-COH
b !

wherein n1s an integer of 0-8 (e, nis 0, 1,2, 3,4, 5,6, 7, or 8). In an embodiment where n
is 2 ormore {ie, 2,3, 4,5, 6,7, or 8), the bond(s) between the CR'R? groups are
mdependently selected from the group consisting of single, double, or triple bonds. In
preferred embodiments, n1s Q, 1, or 2, more preferablyvnis 1 or 2.
[6026] In embodiments where n is 2 or more and the bonds between the CR'R® groups
are double bonds, the configuration of the double bonds i1s (£}, (Z), or a mixture thereof,
including a racemic mixture. Maleic acid 13 an tHustrative dicarboxylic acid wherein n is 2,
and the bond between CR'RY units is a double bond having the (Z)-configuration.
{0027}  Typically, each of R’ and R? of the dicarboxylic acid is independently selected
from the group consisting of hvdrogen, hvdroxy, and C-Cg alkyls (i.e., methvl, ethvi, propyl,
tsopropyl, butyl, isobutyl, sec-butyl, pentyl, isopentyl, sec-pentyl, neo-pentvl, hexyl,
isohexyl, sec-hexyl, and peo-hexyl), or R' and R together form an oxo group. In a preferred
embodiment, each of R' and R of the dicarbasylic acid is independently selected from the
group consisting of hydrogen, hydroxy, and C-Cy alkyl, or R and R together form an oxo
group. In a particularly preferred embodimen, cach of R' and R® of the dicarboxylic acid is
independently selected from the group consisting of hvdrogen and hydroxy.
[0028]  Non-limiting examples of suitable dicarboxylic acids include malonic acid, methyi
malonic acid, dimethyl malonic acid, butyl malonic aad, maleic acid, sodivm mesooxalate
monohvdrate, tartaric acid, malic acid, pxalic acid, and mixtures thergof.
j0029]  In a particularly preferred embodiment, the dicarboxyhic acid 1s malonic acid or
tartaric acid.
{6030} Suitable organic carboxyhic acids include amino acids of the formula:

”?ﬁ’ "COzH

Rti

wherein each of R, R, R’, and R* is independently selecied from the group consisting of
hydrogen, an amdnoalky! group, a carboxyalkyl group, a hvdroxyalkyl group, a -(CHj),-, and
~(CH=CH-~), group connecting either R' or R® with either R or R, wherein n is an integer
from 1-6.
{6031} An iHustrative amino acid is glycine, wherein each of R'-R" is hydrogen.
08321  The aminoalky! group desirably is an ammo C-Cq alkyl group {e.g.,

aminomethyl, aminoethyl, aminopropyl, aminobutyl, aminopentyl, or aminochexyl). An



XCl (607) 9.5 250 1193 1145 0.198 IC MA (5547) XCl (607) 9.4 499 33924 786
0.503 1Di TA 8000) H EC 607) 9.5 1534 7779 2647 0.077 1E TA (8000) HEC
(607) 9. wW0GTR/BdB4 524 0.167 | F MA (5547) HEC ((07) 9PETAB3M129%39 324
0.094 nilditionnliv r.ontnintal ";7 nnmSlI | RFYNCE .1104 [O0095iAs is
apparent fromthe results set forth in Table 1, polishing conpositions of
the invention can provide a good bal§nce of substrate renoval rate,
defectivity, and haze. EXAMPLE 2 [00961Thi s exanpl e denonstrates the effect
of the organic carboxylic acid and polysaccharide concentrations on

subst rﬁ&t@r&f:@@%%ﬁ Mnﬁ%&m;ﬁﬁfn%ﬁz %‘nh%!jézgi%% \Qﬁ &% ggg S0 oﬁQGPRSbF i ons of

the invention. 12/°0 PCT/ Simlar | 1 con
subst ritiesn meiebpof i ;:saiuﬁdntiﬂmmgzaamﬂkﬁil\lsuhmﬁmtmd hgdmgm ci al I y avai | abl e
fromE t|o nder the same cqgnditiaqns w.th di fferent

ot 1 s PTG on BErE e P B BEN B i OO r o -2 oF. Each of
the pe db%mrﬂgﬁﬁpméwéiﬁﬂsuﬁ éﬁhﬂﬁ*ﬁ c(a@)bx{‘bd‘l\@l HbbegeRily 2rsilica particles,
(b) the organic carboxylic aci iI'n the concentration set forth in Table

2, ( c)wm@wpm s é&t@mam fd@nmE@c(dmmmnsm 86 008ygkvikpstitientioclodndent rat i on
set faort h

mp ) :3 as ‘“\g%n v)l i m ic %ﬂ r?t /e St;f{lr%ﬂ%ﬂr Oé ldeﬁ,d}b D Yx e each
pohsﬁf%&h‘fb?ﬁ!)é SO A ﬁ SE PO Y 2 FEREY e Y hat er .
{asparntic acid}, or carboxyethyl (glutamic amd); and the remaining R'-R’ suhstzmenb are
hydrogen. Another iHlustrative aminoe actd comprising one or more carboxyalkoe! substitutents
is nittilotriacetic acid, wherein each of R! and R¥ are hydrogen and each of R and R” are
carboxymethyl.
{034 The hydroxvalkyl group desirably s a hydroxy C-Cy alkyl group (e g.,
hvdroxymethvl, hydroxyethyl, hvdroxypropyl, hvdroxybutyl, hydroxypentyl, or
hydroxyhexyl). An idlustrative amino acid comprising a hydroxyalkyl substrivent is serine,
wherein one of R or R® is hydroxymethyl, and the remaining R*-R? substituents are
hydrogen. Another iflustrative amino acid comprising one or more hydroxyalkyl
substitutents is bicine, wherein each of R’ and R* are hydrogen and each of R* and R* are
hydroxyethyl.
{0035 The amino acid can be a cyclic amino acid wherein one of RYR® and one of RV/RY
are connected via a ~{CHa e groap, wherein nis an integer of 16 (e nis 1, 2,3, 4, 5, or 6},
thereby forming an aliphatic hetereocyclic compound. in a preferred embodiment, n s 4.
Pipecolic acids, picolinic geids and proline are an illustrative amino acid wherein ong of
R'/R* and one of R'R™ are connected via a (CHaly- group or a ~(CH=CH-), group.
[0036] In accordance with the invention, aminoe acids can have any sustable
stereochenuistry as appropriaie {(e.g.. D-, L-, 8~ 5+, and mixtures thereof, including racemic
mixures).
{6037} Suitable organic carboxylic acids mclade aliphatic hvdroxy acids of the formula
)
{R3R2R1C};~COZH

wherein nis an integer of O-8 (1e, 0130, 1, 2. 3,4, 5,6, 7, or 8), and each of RLRY is
mdependently selected from the group consisting of hydrogen, alkyl, hydroxy, and

P P . o | 2. 1 B i~
hvdroxyalkyl, wherein at least one of R'-R" is hydroxy or hydroxyalkyl. In a preferred

embodiment, nt of the aliphatic hydroxy acid of formula (1) 15 an mteger from 1-3.



[ 00981The substrate renoval rate (RR), defectivity (both DCN and DCO), and
haze (DNN) were determ ned for each polishing conposition, and. the results
are sumrewpzetr/i3n7sZabl e 2, For ease of conparison, the iPoffarso®itioes29
concerning Polishing Conpositions O a C2 fromExanple 1 is included in
Table 2, TABLE 2 Conp. MA IIECp pli. RR DCN DC() NN Haze f)ptrt)
(ppm (A mn) (counts) (counts) g C none none 7.6 13 70000 70000
2.779 C2 none 607 9,8 664 ’

j0038]  The alkyl group of the aliphatic hydroxy acid of formula (1) is typically a C-Cq

alkyl group (e.g., methyl, ethyl, propyi, butyl, pentyl, or hexyl). Typically, the hydroxyalkyl

group of the hydroxy acid of formula (1) is 4 bydroxy Ci-Cy alkyl {e.g., hydroxymethyl). Ina

preferred embodiment the hydroxy acid of formula {1} 1s an aliphatic hydroxy acid.

Hlustrative aliphatic hydroxy acids of formula (1} include, for example, factic acid, glveolic

acid, 2-hydroxybuiyric acid, and dumethyiolpropionic acid.

[6039] Suitable carboxyvlic acids also include aromatic hydroxy acids of the formula (2):

COOH

)

(oH)

T

wherein 1 is an integer of 1-8, The aromatic hvdroxy acid can have any suitable substitution
pattern {e.g., ortha-, meta-, para-substituted, and/or mono-, di-, tri-, tetra-, and
penta-substituted). Non-limiting examples of suitable aromatic hydroxy acids include 3 4.5-
trihvdroxybenzoic acid {1.e., gallic acid), 4-hydroxybenzoic acid, 2~ hydroxybenzoic acid
{t.e, salicyvlic acid}, 2 4-dihydroxybenzoic acid, 2,3-dihydroxybenzoic acid, and

3. 4-dihydrobenzoic acd.

j6040] Suitable organic carboxylic acids include carboxy substituted pyrazie
compounds. Hlustrative suitable carboxy substituted pyrazmme compounds tnclude, for
example, 3-ammopyrazine-2-carboxylic acid, S-methyl-2-pyrazine carboxyhic acid, and
pyrazine-2-carboxylic acid. Hustrative substituents of the carboxy substituted pyrazine
mchade hnear and branched C-Cy alkyl groups (e.g., methyl, ethyl, propyl, ise-propyl, botyl,
iso-butyl, sec-butyl, feri-butyl, pentyl, isopentyl, sec-pentyl, ferf-pentyl, neo-pentyl, hexyl,
iso-hexyl, see-hexyl, fert-hexyl, and neo-hexyl) and linear and branced C;~Cg alkoxy groups,
and Ce-Cio aryl groups (e.g., phenyl, benzyl, naphthyl). The Ce-Cyp aryl gronps may be
substituted or nnsubstituted.

6041} Suitable organic carboxylic acids mclade carboxy substituted triazole compounds.
Hlustrative carboxy substituted triazole compounds suitable for the present invention inclode,
for example, 3-amino-1,2 d-triazole-S-carboxylic acid. Tusirative substituents of the
carboxy substituted triazole compounds mclude linear and branched C-C alkyl groups {e.g.,
methyl, ethyl, propyl, iso-propyl, butyl, ise-butyvi, sec-butyl, reri-butyl, pentyl, isopentyl, sec-

peatyl, feri-pentyl, neo-pentyl, hexyl, fso-hexvl, sec-hexyl, ferr-hexyl, and nea-hexyl} and
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linear and branced Cy-Cy alkoxy groups, and Ce-Cie arvl groups {e.g., phenyl, benzyl,
naphthyl). The Ce-Ciy aryl groups may be substituted or unsubstituted.

[0042]  The polishing composition comprises one or more polysaccharides (e.g, modified
cellulose ether, or complex carbohydrates) as a rheology modifier. The one or more
polysaccharides can be one or more modified cellulose ethers or one or more complex
carbohydrates (e.g., gums such as xanthan gum, guar gum, karaya gum, carrageanan gam, or
pectin, and sodium hyaluronate). Not wishing to be bound by any particular theory, it is
believed that the polysacchande enhances the chemical-mechanical polishing performance of
the polishing composition by adsorbing to the surface of the silicon wafer thereby increasing
the polishing activation barrier between the patticle and siticon substrate thereby improving
roughness by polishing the raised areas (“hills”) faster than the lower areas {“valleys™) thus
reducing roughness, providing a protective barvier between the particle and substrate that
facilitates particle cleaning, modifying the viscoelastic properties of the polishing system, for
example, by acting as a thickening agent in the composition, impreving the wettability of a
polishing substrate, and/or stabihizing the silica dispersion of the polishing composition.
[0043] {n an embodiment, the one or more polysaccharides are selected from the group
cousisting of hydroxyaltkvlcelluloses, carrageenan, and xanthan gume In a preferred
embodiment, the polysaccharide is a modified cellulose ether {e.g., a hydroxyalkylcellulose).
Hlustrative hydroxyalkylcellulose ethers include methylhydroxyethyl cellulose (HEMC),
methyihydroxypropyl cellulose (HPMCQC), hydroxvethyl cellulose (HEC), methyl cellulose
{MC) and hvdroxypropyl cellulose (HPC).

0044} In a particularly preferred emsbodiment, the hydroxyalkyleellulose is hydroxyethyl
cellulose.

{0045] The pohshing composition can comprise any suitable amount of the one or more
polysaccharides. The polishing composition can comprise 8.0001 wt.% or more of the
polvsacchande(s), e.g., 0.001 wt. % or more, 0.01 wt. % or more of the polysaccharide(s), or
(.05 wi% or more of the polvsaccharide(s). Altematively, or in addition, the polishing
composition can comprise 0.3 wt % or less of the polysaccharide(s), e.g.. 0.1 wt % or less of
the polysaccharide(s), 0.035 wt.% or less, 0.03 wi.% or less, or 0.02 wi.% or less of the
polvsacchande(s). Thus, the polishing composition can COmprise one Or more
polysaccharides in a total amount bounded by any two of the aforementioned endpoints
recited for the polvsaccharide(s). For example, the polishing composition can comprise

0.0001 wt% to 0.5 wi.%6, 0.001 wt.% to 0.1 wi.%, 0.001 wit.%% to 0.05 wi.%, 0.001 wi % to
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t Al mi ymplceunps I 30 8Lk or less, 100,000 g/mol of [siqor 100,000 g/mol or less.
Alternatively, or in addition, the average molecule weight can be 10,000 g/mel or more, e.g.,

20,000 gimeol or more, 30,000 g/mol or more, 50,000 g/mol or more, 73,000 g/mol or more,
or 100,000 g/mol or more. Thus, the molecular weight of the hydroxvethylcellulose can be
between any two of the aforementioned endpots recited for hvdroxyethyleellulose. For
example, the molecular weight of the hvdroxyethyleellulose can be 10,000 g/mol to 300,000
gimaol, 20,000 ¢fmol 1o 200,000 g/mol, 50,000 g/mol to 150,000 g/mol, 50,000 g/mol to
100,600 g/mol, or 75,000 g/mol to 100,006 g'mol. In a preferred embodiment, the average
molecular weight of the hydroxyethyleellulose is 80,000 gimuol {e.g., 83,600 g/mol}.

6047} When the polysaccharide 1s xanthan gum the average molecular weightis
tvpically 300,000 g/mol.

j0048] in keeping with the invention, the average molecular weight of carrageenan is
such that the polishing composition is enhanced as described herein.

[6049] The polishing composition comprises at least one base. The base(s) can be any
suttable base(s). In some embodiments, the polishing composition contains at least one base
that 1s an morganic base, for example, an alkal metal salt {e.g., potassium salt). Typically,
the one or more bases are selected from the group consisting of alkali metal hydroxides,
atkali metal carbonates, alkali metal bicarbonates, and borates. As known in the art, suitable
atkali metals include, for example, hthiom, sodium, potassivm, rubidium, cesium, and
francium.

[0050]  Ina preferred embodiment, the one or more bases are selected from the group
consisting of potassium hydroxide. potassium carbonate, and potassium bicarbonate.

{0051}  Ina preferred embodiment, examples of suitable borates include boric acid,
potassiam borate and dipotassium borate.

0052 The polishing composition can comprise any suitable anmount of the base{s}, such

that the pH of the polishing composition is alkaline. In particular, the pH of the polishing
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usefulness of surfactants in polishing compositions. However, the presence of one or more
surfactants in the inventive polishing composition advantageously mproves the haze or DCO
defectivity,

F0054] The one or more surfactants can be present m the pohishig composition m any
suttable amount. If the amount of surfactant(s) 1s oo low, then ne advantage is observed with
the addition of the surfactant. If the amount of surfactant(s) 1s too high, then a reduction in
the removal rate is observed. The amount of the swrfactant(s) can be 0.1 ppm or more, 0.3
ppm or more, 1 ppm or more, 5 ppm or more, about10 ppm or more, 20 ppm or more, 50 ppm
or mare, 100 ppm or more, or 200 ppm or more. Alternatively, or in addition, the amount of
the surfactant(s) can be 1000 ppm or less, ROO ppm or less, 600 ppm ot less, 400 ppm or less,
or 200 ppm or less. Thus, the polishing composition can comprise one or more surfactants in
a total amount bounded by any two of the aforementioned endpoints recited for the
sarfactant(s). For example, the polishing composition can comprise 10 ppm to 1000 ppm, 20
ppm to 800 ppm, 50 ppm to 400 ppm, or 100 ppm to 200 ppm of the surfactant{s}. Ina
preferred embodiment, the amouont of the sarfactant(s) in the polishing composition i3 5 ppm.
s another preferred embodiment, the amount of the surfactat{s}) in the polishing
composition 15 150 ppm. In addition, surfactants can be incorporated with any useful co-
sotvent.

0055 The sarfactant(s}, wheuo present, can be any suitable surfactant(s). Typically, the
surfactant(s) will be selected from the group consisting of nonionic surfactants and anionic
surfactants. In a preferred embodiment, the surfactant is a nontonic surfactant. Hustrative
nontonic surfactants mclude acetylenic diol surfactants and bydrophobated polyethylene

glycol surfactants,
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[0056]  IHlusteative acetylenic diol surfactants are the SURFYNOL" products that are
commercially available from Air Products. An example of a SURFYNOL™ surfactant is
SURFYNOL™ 104 (i.¢., 1 4-diisobutyl-1 4-dimethylbutynediol), which is a nonionic westing
agent and molecular defoamer available as a waxy solid, a hiquid, or a free-flowing powder.
[0057]  [lustrative hydrophobated polyethelene glycol surfactants are the IGEPAL™
ethoxylated, nonviphenol polyethers available commercially from Stepan Company. An

example of an IGEPAL™ surfactant is IGEPAL

T8

CO-730, also referred to as nonoxynol-15
and BRIJ™ 93 an ethoxylated cetyl alcohol,

[0058]  Other illustrative nonionic surfactants include copolymer surfactants comprising
siloxane units, ethylene oxide units, and propylene oxide units. The structure of the
aforementioned copolymer surfactants can be hnear, pendant, or trisitoxane type. Preferred
examples of such copelymer surfactants are commercially available as the SILWET family
of surfactants, with a pendant structure, available commercially from Momentive
Performance Matenials, The copolymer surfactant comprising siloxane units, ethylene oxide
units, and propylene oxide units can have any suitable molecudar weight or structure.

[O059] Suitable nonionic surfactants also mclude polvmers comprising acryvlic esters.
Preferred polymers comprising acryhic esters comprise acryvhic ester monomers substituted on
the alcobol component of the ester monomers with fluornine, e g., wherein at least one
hydrogen atom of the alcohol component is substituted with fluorine. Preferred examples of
such polymers comprising acrvlic esters are commercially available from 3M as
FLUORAD" surfactants.

0060} Suitable nomonie surfactants further include Linear polymers of ethylene oxide
comprising a perfluorinated alkyl chain at one terminus and a hydroxyl group or alkyl group
at the other terminus. Preferred examples of such polymers include the ZONY L line of
surfactants that are commercially available from DuPont.

{6061} Suitable nontonic surfactants additionally include copolymers of ethylenediamine
with ethylene oxide units and propvlene oxide units, Preferred examples of such copolvmers
include the TETRONIC™ family of block copolymer surfactants that are commercially
avatlable froma BASF.

6062] {n another preferred embodiment, the surfactant is an andonic surfactant,
especially at least one selected from a sulfonic acid, sulfate ester, carboxylic acid surfactant,
phosphate and phosphonate or phosphoric acid ester surfactant. Sulfonate salts having the

general formula H-{CHL LSOy are preferred, wherewn n typically is an integer of from 1 to 18,
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wherein the degree of ethyoxylation and alkvlation, represented by m and o, respectively,

varies. Alternately, the polyorethane structure can be based on any suitable moltifunctional
tsocyanate such as, for example, toluene disocvanate (TDI, 4,4-
methylenebisphenyldiisocvanate (MID1), hexamethylene ditsocyante (HDD, HDi-trimer, and
polvmeric-MDIL Not wishing to be bound by a particular theory, it is believed that
polyethylene glycol polyurethane polymers, especially the BORCHI™ Gels, adsorbing to the
surface of the silicon wafer thereby increasing the polishing activation barnier between the
particte and silicon substrate thereby improving roughness by polishing the raised areas
{“halls™) faster than the lower areas (“valleys™) thus reducmg roughness, providing 8
protective barrier between the particle and substrate that facilitates particle cleaning, or form
a non-covalent network within the polishing composition, thereby stabilizing viscosity, in
particular under high shear conditions.

{00651 The polyethylene glycol polvurethane polymers can have any sutable molecular
weight. The molecular weights of BORCHI™ Gel 0434, BORCHI™ Gel WN 508, and
BORCHI™ Gel PW25, as determined by gel permeation chromatography, range from 10,000

a/mol to 40,000 g/mol depending on the degree of ethoxylation and alkylation.
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joges] BORCHI  Gel 08024 is a liquid, glvceol ether-free, non-1onic polywrethane based
thickener that is used to produce Newtonian flow in the medium and high shear range.
BORCHI Gel 0024 can be used in combination with other low-shear thickeners {e.g..
BORCHI™ Gel PW25 or BORCHI™ Gel 1LW44) to modify the thelogical profile of a
composition. BORCHI™ Gel 0024 has a density of 1.04-1.08 ¢/om” and viscosity of
2.000~10,000 mPa-s, as measured at 23°C.

6067} BORCHI™ Gel 0434 is a Hquid, glycol ether-free, non-ionic polyurethane-based
associative thickener that is free of solvents, alkviphenol ethoxylate (APEQ), HAPS
{Hazardous Air Pollutants), and tin compounds, and has a largely Newtonian rheological
profile. BORCHI™ Gel 0434 forms a non-covalent network within a composition to stabilize
viscosity, in particular at higher shear. BORCHI Gel 0434 has a density of 1.01-1.05 giemy’
and a maximupm viscosity of 15,000 mPas, as measured at 23°C,

0068 BORCHI™ Get L75N is a Haquid, glyeol ether-free, non-ionic polyarethane-based
thickener manufactured using aliphatic isocyanates, BORCHI Gel L75N functions as a
flow promoter 11 emulsions and as a stabilizer n aqueous systems, and mmproves the
rheological profile of emulsion by adsorbing at the surface of dispersed particles. BORCHI
Gel 175N has 2 viscosity less than 9,000 mPars, as measored at 23°C,

{0069 Other examples of suitable polymers are the DSX™ associative thickener products
available from Cognis. The DS X" thickeners, based on polyether and polyorethane
derivatives, are pH-independent and are free of solvents, alkylphenyl ethoxviates (APEQs),
and heavy metals. Not wishing 1o be bound by theory, it is believed that the lydrophobic
terminal and side groups of the DSX™ thickeners combine to form networks that serve to
increase viscosity of the polishing compaosition. An illustrative DSX thickener is DSX
3000 baving a density at 25 °C of 103 g/om’, a viscosity of 4000-6000 mPas, and a solids
content of 30%.

{6070} In some embodiments, the polishung composition comprises one or more water-
soluble acrvlate polymers. A suitable example of a water soluble acrviate is BORCHI™ Get
A LA available from OMG Borchers GrabH, BORCH!

TS

Gel A LA has the following
properties: Hquid with a viscosity at 20 °C of 25,000-60,000 mPa‘s; non-volatile content
9-11%; pH > 8; and a density at 20 °C of approximately 1.05 glam’, Other suitable water-
soluble acrylate polymers are the ALCOGU M L Series products commercially available
from AkzoNobel. The ALCOGUM L Series products are acrylate-based enwlsion

copolymers that serve as rheology modifiers to facilitate a reproduocible viscosity in the
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polishing composition. Suitable examples of ALCOGUM ™ L Series products include
ALCOGUM™ L15, 131, and L283,

{6071} ALCOGUM™ L-15 is an acrylate-based emulsion copolymer supplied at 30%
active sohds mn water having the followang properties: pH of 2.2-3.07 solids of 29-319%;
viscosity of 10,000-15.000 (pH 9.0, NaOH, 25 °C, 10 rpm), 2.5% (dry).

G721 ALCOGUM™ 1-31 is based on an ethvi acrvlatemethacrylic acid copolymer.
ALCOGUM ™ L-283 is an acrvlate-based emulsion copolymer supplied at 23% active solids
n water, and 1s a hydrophobically modified, alkali-soluoble emulsion polymer (e.g., a HASE
thickener). ALCOGUM ™ 1.-283 has the following properties: pH 4.5-5.5; solids 24-26%;
viscosity 30,000-32,000 ¢Ps, 2.0% (dry), (pH 9.0, NH,OH, 257 C, 10 rpmy); density at 25 °C
of 1.08 koL

{6073] In some embodiments, the polishing composition comprises one or more polymers
that act as a thixotropic agent. An illustrative thixotropic agent is BORCHI™ Gel Thixo 2,
which is a thixotropic agent and thickener of non-polar/weakly polar natare.

{0074} The polishing composition optionally comprises one or more reducing agents.
The reducing agent{s) can be any suitable reducing agent. One or more reducing agents can
be included in the polishing composition to mcrease removal rate and improve defectivity
when using soft polishing pads and low removal polishing pads (e.g., CIEGAL™ 7355).
Hlustrative suitable reducing agents include sulfite salts, for example, potassium
metabisulfite.

{6073 The one or more reducing agents can be present in the polishing composition in
any suitable amouant. I the amount of reducing agent(s) 13 too low, then no advantage is
pbserved with the addition of the reducing agent. If the amount of reducing agent{s) 1s toc
high, then an increase in substrate haze or a loss of colloidal stabihity can be observed. The
polishing composition can comprise 0.0001 wt.% or more of the reducing agent(s}, e.g.,
0.001 wt.% or move, 0.01 wt.% or more, 0.1 wt.% or more of the reducing agent(s).
Alternatively, or in addition, the polishing composition can comprise 0.5 wt.% or less of the
reducing agent{s), e.g., 0.4 wi.% or less, 0.3 wit. % or less, 0.2 wt.% or less, or 0.1 wt % or
less of the reducing agent{s). For example, the polishing composition can comprise 8.001
wit.% 10 0.5 wt.%, 0.01 wt% 10 0.4 wt.%, 0.1 wt.% 10 0.3 wt.% of the reducing agent{s}. Ina
preferred embodiment, the polishing composition comprises. at pohish, 0.07 wi.% to 0.15

wt.% of a reducing agent, especially 0.1 wt. % of a reducing agent {e.g., 975-1025 ppm). In
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another preferred embodiment, the polishing composition comprises, at polish, 0.02 wt% 1o
.05 wt.% of a reducing agent. especially 0.04 wt % ,of a reducing agent {e.g., 375425 ppm).
{6076} The polishing composition optionally comprises one or more hiocides. The
biocide(s) can be any suitable biocide, for example, Dowasit 75, or 1-(3~chlorealiyl)-3,5.7-
triaza-f-azonigadamantane chloride. The amount of biocide in the polishing composition
typically 1s 1 to 300 ppm, preferably 10 to 20 ppm, at point of use.

{00771  The polishing composition comprises water. The water Is used to facilitate the
application of the other components of the polishing composition to the surface of a suttable
substrate to be polished or planarized. Preferably, the water is detonized water,

The polishing composition can be prepared by any suitable technique, many of which are
known to those skilled 1 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 11 any order. The term “component” as used herein meludes mdividual
ingredients {e.g., silica, organic carboxylic acid, polvsaccharide, optional surfactant andfor
polymer, water, etc.) as well as any combination of two or more of the ingredients {e.g..
stlica, organic carboxylic acid, polvsaccharide, optional surfactant andfor polymer, water,
gt ).

0078} It will be understood that any of the components of the polishing composition that
are acids, bases, or salts {e.g., organic carboxylic acid, base, and/or alkah mets! carbonate,
etc.), when dissolved in the water of the polishing composition, can exist in dissociated form
as cations and anions. The amounts of such compounds present in the polishing composition
as recited herein will be anderstood to refer to the weight of the endissociated compound
used 1n the preparation of the polishing composition. For example, the weight of an alkali
metal carbonate (e.g., potassiom carbonate), when present, refers to the amount of the salt,
mnchuding both potassiun and carbonate, as provided by its empirical formula (e.g., K2COs)
{6079} For example, the organic carboxylic acid(s), the polysaccharnde(s), the base(s),
and optionally the surfactant(s) and/or polymer{s) can be dissolved in water by the addition of
the orgamc carboxvhe acid(s), the polysaccharide(s), the base{s), and optionally the
surfactant(s) and/or polymer(s) to water in any order, or even simultanecusly. The silica then
can be added and dispersed by any method that is capable of dispersing the silica in the
pobishing composition. The polishung composition can be prepared prior to use, with one or
nwore components, such as the base, added to the polishing composition shortly before use

{e.g., within 1 munute before ase, or within 1 hour before use, or within 7 days before use).

=



Si TA (8000) C(607) 9.3 742 1710 274 0.18 5K AEP (8000) XC (607) 9,9 4065
45966 52770 6.37 'nolecular weight of HEC is 100,000 ginol additionally
cont ai nedwB20 230 BRRFYNOL" 104 f ' additionally contai nedTAB2q@paudsGEPAL

CO0- 730 101111As is apparent fromthe results set forth in Table 5,
pol i shing conmpositions of the invention can provide a good bal ance of
substrate renoval rate, defectivitv, ,and haze. EXAMPLE 6 101121Thi s exanpl e
denonstrates polishing conpositions 6 the invention conprising silica, an
organi c carboxylic acid, a polysaccharide, a base, optionally a polyner,
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R R T
condi tthoonBcaniotthe polaififgamenbsipiohi $he pglidonpasitisons alsdent bk pegamd HRol | shi ng

Conposi tion, 6A-6E, Each of Polishjng Conpositians 6A-6E contained (a) 4

ot B PUSOERLS e FAHE T T8S SI(E) S SBROALT I R RSP ERGEPARIOL) 607 ppm H
C (N libdsgee, T83p 000 dRIpbsitibA LaPsd ASEE Form AR AR @hRAliVRtentiRe PH toO

9.6, (e) water, and (f) optionally a polymer, specifically a hydrophobated
pol yettirpe dieted vyidicin gpofoponetdsame: aswihdidatiedsd. nFFabhaps, theciraliihe
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DSX 3000 (60) 690 _ o . ) . o
an amount that 1s 2 tines {e.g., 5 tumes, 10 tmes, or 15 tmes, or 20 umes, or 100 umes, or
gven 200 times) greater than the concentration recited above for each compeonent so that,
when the concentrate is diluted with an equal volume of water (e.g.. 2 equal volumes water, 5
equal volumes of water, or 10 equal volumes of water, or 15 equal volumes of water, or 20
equal volumes of water, or 100 equal volumes of water, or 200 equal volumes of water,
respectively), each component will be present i the polishing composition 1 an amount
within the ranges set forth above for each component. Furthermore, as will be understood by
those of ordinary skilf m the art, the concentrate can contain an appropriate fraction of the
water present in the final polishing composition m order to ensure that the organic carboxylic
acid{s), the polysacchande(s), the base(s), optionally the surfactant(s) and/or polymer(s), and
other suitable additives are at least partially or folly dissolved m the concentrate, preferably
fully dissolved in the concentrate. Unless otherwise specified, the samples are made as
concentrates with the concentrations specified and then are diluted with 19 parts of water per
part of shurry by weight.
[0081]  The invention provides a method of chenmical-mechanical polishing a sobstrate
comprising (1) contacting a substrate with a polishing pad and the chenycal-mechanical
polishing composition as described herein, {it) moving the polishing pad relative to the
substrate with the chenyical-mechanical polishing composition therebetween, and (131}
abrading at least a portion of the substrate to polish the substrate.
j0082] Although the polishing composition of the invention can be used to polish any
substrate, the pohishing composition is particularly useful in the pohshing of a substrate
comprising silicon, for example, silicon waters used in the electronics industry. In this
regard, the silicon can be undoped silicon, or it can be p-type silicon doped with boron or
atuminam. In addition, the silicon can be polysilicon. The mventive polishing composition

and method of yse thereof are suitable for the final polishing of silicon wafers as produced



0.025 6C. DSX 3000 150) 281 0O, ) .9 61) DSX 3000 (300) 300 0,01.6 6E2 13G
PW25 150) 733. 0.030 average of 3 runs - average of 4 runs [01151As is
appar ent woaem2die7seesults set forth in Table 6, polishi RgTASAPOSEIRDNS
containing either COGNI S DSX m 3000 pol ynmer or BORCH Gel PW25 pol yner

exhi bited an inproved substrate haze as conpared to the same polishing
conposi tion wi thout any such pol ymer,, EXAMPLE 7 101161Thi s exanpl e
denonstrates polishing conpositions 5? the invention conprising silica, an
organi c cattoxylic acid, a polysaccharide, a base, and water. This exanple
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8PMB1QQ. nol i shi,n nrthe ane tion th 3 different polishin
compodt tins LR B 200 BTG FEOaTEOhS yAe PEERESHeRR | oni ng
Conmpogkhibansw GArtdG SRRLREN SRl réhgWhes Xk USQNRE i2dFIrl GBreRPEdihel es, (D)

0,55 wt. % malonic acid, (c) 607 ppm HEC havi ng a nol ecul ar wei ght bet ween

83, oowhmemcsb:@em@t destatingt GamadatantyTatn be meaguadd worasni wreblydr OXI de and

e) water 1 ubst r.at.e and
o e sl dorualy BeRrAeh BhRLETRY Bl D8kt MR EObloM ity WY s ol s
are sufimhicaethviilablabhg €. g Wb BikdhR30t IR MSAGLL 49490 29 athARt Forde Com)

Aver aRe MV of s HEC 83, 000 250,000 RR ., 2k /mn DC..0 (c911.klt) 486 317
CDNN  cropgeny . AapRrdy, thy pveayve polishing method produces a surface roughness on

silicon wafers of 20 A or less {e.g., 14 Aor fess, or 12 Aor fess, or 10 Aor less, or even 8 A
or less), when measured using an optical profilometer.

{00841 The DON, DCO, and DNN haze measurements were done on a KLA Tencore
SP1 ata 120 nm threshold.

[0085] The polishing method of the invention is particularly suited for use m conjunction
with g chenucal-mechanical polishing apparatus. Typically, the apparatus comprises a platen,
which, when 1n ase, 1s i motion and has a veloctty that resudts from orbital, linear, or circalar
motion, a polishing pad in contact with the platen and moving with the platen when in
motion, and a carrier that bolds a substrate to be polished by contacting and moving the
substrate refative to the surface of the polishing pad. The polishing of the substrate takes
place by the substrate being placed in contact with the polishing pad and the polishing
composition of the invention, and then the polishing pad moving relative to the substrate, so
as to gbrade at least a portion of the substrate to polish the substrate.

[0086] A substrate can be polished with the chemical-mechanical polishing composition
with anv suitable pohishing pad (e.g., polishing surface). Suitable polishing pads melude, tor
example, woven and non-woven polishing pads. Moreover, suitable polishing pads can
comprise any suitable polymer of varyving density, hardness, thickness, compressibility,
ability to rebound upon compression, and compression moduluas. Suitable polymers include,
for example, polvvinylchloride, polvviaylfluoride, nvlon, fluorocarbon, polycarbonate,
polyester, polyacryvlate, polyether, polyethvlene, polyamide, polvarethane, polystyrene,
polypropyiene, coformed products thereof, and mixtures thereof. Sofi polywrethane polishing
pads are particularty useful in comunction with the inventive polishing method. Typical pads
include but are not limited to SURFIN 000, SURFIN™ SSW1, SPM3100 {cmlm}erciaii‘v
available from, for example, Eminess Technologies), POLITEX or Fujibo POLYPAS 27,



.-.1n 0,042 0.036 7C 1,300,000 662 412 0.038 [O0119]As is apparent from
the results set forth in Table 7, the polishing conposition containing HEC
havi ng arweawerzge’seaol ecul ar wei ght of 83,000 gi nol exhi lpCras2@ tiokgher
renoval rate than simlar polishing conmpositions containing HEC havi ng

hi gher nol ecul ar wei ghts. EXAMPLE 8 [0120i This exanpl e denonstrates

pol i shing conpositions of the invent g(gn conprising silica, an organic
carboxylic acid, a polysaccharide, ase, and water. [0121]Simlar silicon
substrates were polished using a SPM3100 polishing pad under the sane

condi g W' f)bmaabgj EcBLrh% J?‘?x wﬁ]i}h{lg 889@?&95?&%9{@% I'uﬁﬁ@ft ofng}‘?gt fol i shing

Corrpo Pol 1 shin t1ons 8A- ont alned (a) 4
. % Bus @omim& mdpnmdﬁammmveﬁsm,, (v ah whrcan knoar lmdiw hitc Tadindpien a

conce tration set forth .e.8, (c 07 (MN,83, f mol d
ot as ST PO HEOPLOHN] DRGTER PrDEs By THEDRBEEV Y e VORI at e (R
def ectydiad &FDsurBRLNBZ Qitklr AN 8L 8 sidalef MRedinfiaf agashipbingd ng
conposition, and the results are surmarized in Table S. TABLE 8 Conp,

Car boxyd dlescyiloddd forwamiple, 0y SRRaEW Tri 9.3 DC0. DAt 543428 U.S. Patent( count s)
?8”'62)&2@CQE§¥ ]&Fa{ t% f(em k 9453‘8}19 eRemCﬁ ) I %?(\0 5@1{@?? b%b-ﬁ?llogl I("’a.tt%ﬁl d
5,.838.447, ULS. Patent 5,872,633, U.S. Patent 5.893,796, U.S. Patent 5949927, and U S,
Patenit 5,964,643, Desirably, the inspection or monitoring of the progress of the polishing
process with respect to a substrate being polished enables the determination of the polishing
end-point, Le., the deternunation of when {0 terminate the polishing process with respect to a
particular substrate.
EXAMPLES
6088 These examples further itHustrate the mvention but, of course, should not be
construed 8s it any way hmiting its scope.
[0089]  Unless otherwise specitfied, the polishing conditions in Examples 1-18 were as
follows: a Planar 472 polisher with 20.3 cm p-doped silicon wafers at 37.9 kPa down force,
74 rpm table speed, and 150-200 mL/min polishing composition flow rate. The pH of the
polishing composition was adjusted with potassium hydroxide. All polishing compositions
were prepared as concentrates. The concentrates were dituted for pohishing using a weight
ratio of | part concentrate to 29 parts water.
{0090  The following abbreviations are used throughout the Examples: removal rate
{RR): molecular weight (Mw); hydroxyethyl cellulose (HEC); methy! hydroxyethyl cellulose
{MeHEC); malonic acid (MA); tartaric acid {TA); gallic acid (GA); xanthan gum (XG);
carrageenan {C); lactic acid (LAY); pipecolic acid (PA); glveine {Gly); aspartic acid {Asp), 3-
amino-1,2 4-triazole-5-carboxylic acid (ATCAY; sodium dodecyl sulfate {SDS);
aminoethylpiperazine (AEP); dimethvlmipmpinnic acid (DMPA); piperazine (P); BORCHI
Giel (BGY; and COGNIS DSX™ 3000 (DSX 3000,
EXAMPLE {
{00911 This example demonstrates that polishing compositions of the invention, which
comprise stlica, an organic carboxylic acid, g polysaccharide, a base, optionally a surfactant,
and water, can exhibit good overall substrate polishing properties.
0092} Silicon substrates were polished using a SURFINT 000 pad commercially

available from Fupimi Corporation ander the same conditions with 6 different pohishing
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compositions identihied as Polishing Compositions 1A-1F. Each of Polishing Compositions
FA-TF contained (a) 0.2 wt.% Fuso PL2 silica particles, at point of use, (b) the organic
carboxylhic actd TA or MA in the concentration set forth in Table 1, (¢} the polysaccharide
HEC (MW = 80000 gfaol) or XG i the concentration set forth 1n Table 1, {d) sufficient
potassium hydroxide to provide each polishing composition with a pH as set forth in Table 1,
and {e} water. In addition, Polishing Composttion 1F contained a surfactant, namely
SURFYNOL™ 104.

6093} Similar silicon substrates were polished under the same conditions with 2 other,
comparative polishing compositions identified Polishing Compositions C'1 and C2. Both
Polishing Compositions C1 and C2 contained 6 wi.% Fuso PL2 silica particles in water (0.2
wt% at point of use), with sufficient potassium hydroxide to provide each polishing
composition with a pH as set forth in Table 1. Polishing Composition C1 did not contain
etther an organic carboxylic acid or a polysacchartde. Polishing Composition €2 additionalty
contained HEC (MW = 80,000 a/mol), but did not contain an organic carboxylic acid.

{0094 The substrate removal rate (RR), defectivity (both DON and DCQ), and haze

{DNN) were determuined for each polishing composition, and the results are summarized in

Table 1.
TABLE §

Conm. Carquvhc Acid I"cﬁvsacchmde oH | _i_{_& ‘ , _D_g_‘l QQ_Q Haze

SR {ppmy) {(ppm) {A/mind { {counts) | {counis) -
Cl none none 7.6 13 70000 FOO0G 2,779
2 none HEC(607) {981 6064 1888 368 0.175
1A TA {120 HEC (607} 8.1 {24 11868 3868 0.017
iB TA {8000} NG {607) g3 250 1193 1145 0198
1C MA (5347 X {607) 941 499 33924 786 0.503
1D’ TA {8000} HEC (607} 1951 1534 7779 2647 | 0.07
1K TA {3000 HEC (607} Q.4 1078 3444 524 0.167
1F MA {3547 HEC (607} 9.5 1631 2918 324 0.094

T

additionally contained 37 ppm SURFYNOL" 104

[R0O95] As is apparent from the results set forth m Table 1, polishing compositions of the

nvention can provide a good balance of substrate reruoval rate, defectivity, and haze.
EXAMPLE 2

[6096] This example demonstrates the effect of the organic carboxylic acid and

polysaccharide concentrations on substrate removal rate, defectivity, and haze of polishing

compositions of the invention.



277 0.036 WD 2012/ 030752PCT/ US2011/ 049629 [0123jAs is apparent fromthe
results set forth in Table 8, polishing conpositions of the invention can
provi de awQaot/dsetsance of substrate renoval rate, defecPCTiusgolians2haze,
EXAMPLE 9 101241Thi s exanpl e denonstrates polishing conpositions of the

I nvention conprising silica, an organic carboxylic acid, a polysaccharide,
a base, optit-mally a polynmer, and wajer. This exanple further denonstrates
the effect of a polynmer (e.g., BU PW5) and base concentration on substrate
renoval rate: detectivity, and haze exhibited bythe polishing conposition.
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TABLE 9 Silica Carboxylic .- KOH BG PW5

Haze [0098] (. ke gabstpgigmoadmgie (RR), (ILWEUH%{’LN)L}& ngn;)nd Dg @b@ﬂﬁﬁig)}a

{DNN} were determined for each polishing composition, and the results are sunumarized
Table 2. For ease of comparison, the information concerning Polishing Compositions Cl and

2 from Example 1 1s included m Table 2.

j0099]

TABLE 2
Com, _A HEC | p | RR | DON | DCO g:;;‘
G pm} | {ppm) | pH {Admin} | (cowntsy | (coumisy | )
1 nohe | none | 7.0 13 TOHOG 70000 | 2779
2 nope 607 |98 604 {888 368 0175
24 3540 | 1007 | 85 0 70000 TONG0 | 1.982
2B 3540 { 207 |82 422 {2136 549 0.163
20 3540 1 207 |99} 1011 3289 249 378
2D 5547 1 607 961 1574 286 266 0.054
2E 7540 { 207 [ 841 1045 40771 3477 1 0.251
2F 7340 1 207 1991 1479 2427 206 {289

As 15 apparent from the results set forth in Table 2, polishing compositions of the

mnvention can provide a good balance of substrate removal rate, defectivity, and haze. In
particular, higher amounts of both an organic carboxylic acid, e g.. malonic acid, and a
polysacchande, e.g., hydroxyethyleellulose, as evidenced by Polishing Composition 2D,
exhibited an improved substrate removal rate, iuproved substrate defectivity, and improved
substrate haze.

EXAMPLE 3
[00100]  This example demonstrates that polishing compositions of the invention, which
comprise silica, an organic carboxylic acid, a polysaccharide, a base, optionally a surfactant,
and water, exhibit good polishing properties.
[00101]  Similar silicon substrates were polished using a SURFIN™ 000 pad, conmercially
available from Fujimi Corporation, under the same conditions with two polishing

compositions wdentified as Polishung Compositions 3A and 3B, which contained (a) either 4%
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colloidal silica that has been surface modified with organic agents {Fuso PL2; 52 nm
diameter) or a fumed silica {Cabot L0, 90 -m""’..-'g surface area}, (b} 3347 ppm malonic acid, ()
607 ppm HEC (MW = 80,000 g/mol}, (d) potassium hydroxide, and {g) water,

{0100} The substrate removal rate (RR), defectivity (both DON and DCO), and haze

{DNN} were determined for each polishing composition, and the results are summanzed n

Table 3.
TABLE 3
| - DNN
Comp.|  Silica RR DCN DCO Haze

(N mim) | (countsy | {counts) | ==
{ppr)

3A | colloidal 1452 1249 869 0.084
3B | fumed silica | 1269 563 706 0.064

{0101}  As is apparent from the results set forth in Table 3, both colloidal {wet-process)
sitica and fumed silica, when incloded in polishing compositions of the invention exhibit
good substrate removal rates with low snbstrate defectivity and good substrate haze.
EXAMPLE 4
[0102]  This example demonstrates that polishing compositions of the invention, which
comprise siica, an organic carboxylic acid, a polysacchanide, a base, and water, can exhibut
good overall polishing properties,
{61031  Simular silicon substrates were polished using a SPM3100 polishing pad {under
the same conditions with 4 different polishing compositions identified as Polishing
Compositions 4A-4D. Each of Polishing Compositions 4A-4D contained (a) 4 wt % Fuso
PL2 silica particles, {b} the organic carboxylic acid malonic acid, pipecolic actd, glveine, or
lactic acid in the concentration set forth in Table 4, {¢) 607 ppm of polysaccharide HEC
{MW == 80 000 g/mol), (d) sufficient potasstom hydroxide to provide each polishing
composition with a pH as set forth in Table 4, and (&) water,
{0104 The sabstrate removal rate (RR), defectivity (both DON and DCQ), and haze
{DNN} were determined for each polishing composition, and the results are summarized in
Table 4. For ease of comparison, the information concerning Polishing Composition C2 from

Example 1 15 included in Table 4.



4227 0.080 101271As is apparent by the rest Its set forth in Table 9,
pol i shing conpositions of the invention can provide a good bal ance of

subst r at ewvpenvab7seat e, defectivity, and haze. EXAMPLE POTAB2A3DI9e2%
exanpl e denonstrates that polishing conpositions of the invention
conprising silica, an organic carboxylic acid, a polysaccharide, a base,
optionally a polyner, and water exhiQit good polishing properties_
101291Similar silicon substrates wer& polished using a SPMB100 pol i shing
pad under the sane conditions with 10 polishing conpositions identified as
Pol i shing Conpositions 10A- 10, 1.vf&ach40f Polishing Conpositions 10A-10J
cont ai ned (fay—#-wt—%Fuso-PL2rsirtrcapartictes () eitil-;lAwl_ toni ¢ acid or
di met hyl ol pr.opi oni Cakekdid Acitih f0 ntrati onpEet 10EEM)i1F¢f;Ie 10, (c)
607 ppm HECHEAL-  80,(00Q) al no| ¥ |(H-1pS¥as s wunmBy froxhde| iFH4
concentratijon seti forth 1n Table 120 _and (e} water} Paoll Qﬂ%&_lc,orrpositions
1013-101 fyrther {contai ned 150f ppm BORCHL P25 as @ hydrophobatied
pol yet hyl ene_glydal pok§isgret hape B |yner. 101301The substfate rlenoval rate
(RR): detegtiVity (DCOneand ha2é i( DNMpdwer ¢ déter i mi@d f or).16adh pol i shing
conposition, andithe results afte summari zed{in Table 10. JTABLE {10 Conp.. %

—

1%

Solids K .} HW .} 9%RRldcCRIIDNN {Haze Ha .., AL, ., 1. m)f (counts)
v IWIARULE A A (554 9.3 1490 3189 | 2640 | 0115
Awmino Acid
48 PA (6880} 98 14 {o413 635 0.167
4C” Gl (4000) 9.6 791 11795 542 0.101

Hydroxy deidd
4D LA (4800 9.1 1080 19277 1791 | 0.098
" average of 3 runs
* average of 2 rans

[0103]  As is apparent from the results set forth in Table 4, polishing compositions of the
mvention can provide a good balance of substrate removal rate, defectivity, and haze. In
particular, the presence of an organic carboxylic acid, as evidenced by Polishing
Compositions 4A-4D, exhibited an improved substrate removal rate and improved substrate
haze, while maintaining reasonably good substrate defectivity.

EXAMPLE 3
[0106] This example demonstrates polishing compositions of the invention, which
comprise stlica, an organic carboxyvlic acid, a polysaccharide, & base, optionally a surfactant,
and water, can exhibit good overall polishing properties.
{6107} Similar silicon substrates were polished using a POLITEX" Reg II polishing pad
under the same conditions under the same condition with 11 different polishing compositions
identified as Polishing Compositions SA-3K. Each of Polishing Compositions SA-5K
contained (a) 4 wt.% Fuso PL2 silica particles, (b) the organic carboxylic acid TA or AEP in
the concentration set forth in Table 5, (¢} 607ppm polysaccharide HEC (MW = 100,000
g'mol), MeHEC, XG, €, or XG in the concentration set forth in Table 5, (d) sufficient
potassium hydroxide to provide each polishing composition with a pH as set forth in Table 5,
and () water.
[ 108] Polishing Compositions SA-SC, 3F-5H, 3, and 5K did not contain a surfactant.
Polishing Compositions SD, SE, and 51 further contained 37 ppm SURFYNOL™ 104, 80 ppm
IGEPAL™ CO-730, and 37 ppm SURFYNOL™ 104, respectively.
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Similar sificon substrates were polished using a POLITEX Reg I polishing pad

under the same conditions with 2 other, comparative polishing compositions identified

Polishing Compositions C3 and C4. Both Polishing Compositions C3 and €4 contained {(a) 4

wt. % Fuso PL2 silica particles, (b} no organic carboxylic acid, (¢) 607 ppm HEC (MW =

100,000 g/mol), {d) sufficient potassium hydroxide to provide each polishing composition

with & pH as set forth in Table §, and (e} water.

[0110]

The substrate removal rate (RR), defectivity (both DON and DCO), and haze

{DNN) were determined for each polishing composiion, and the results are summarized in

Table 5.

TABLE 3
) Larboxylic RR peN | opeo | OB
Lomp. A pi (A/min) | fcounts) | (counts) Haze
{ppmy) S = {ppm) |
! none HEC (607) 92 672 29516 477 .59
7' none HEC {607) 9.4 767 34201 1146 {368
SA! TA (3000) HEC {(607) 9.1 1396 12139 4603 (.41
5p! TA {80003 HEC (607) 9.4 {1356 92377 330 .18
sC TA(8000) { MeHEC (607) 93 1033 30199 298 §g.26
i?D‘»2 TA (8000 MeHEC (607) D6 8§74 7036 381 g.11
SE° TA {000 | MeHEC (667 g5 63 5243 3021 316
5F TA (3340 XG {140} 04 403 294 269 .28
5 TA 10000 XG (140 10.0 618 320 228 029
5H TA (RO0O) NG {607) 94 5060 471 367 g.17
31 TA (8000) XG{67) 9.2 2186 1503 136 .16
51 TA {8000 C {607} 93 7432 1710 274 118
AEPR SR
5K {8000 XG(607) 40635 45986 32770 637

' molecular weight of HEC is 100,000 g/mol
* additionally contained 37 ppm SURFYNOL"™ 104
*additionally contained 80 ppm IGEPAL™ CO-730

[0111]

mvention can provide a good balance of substrate removal rate, defectivity, and haze.

(0112}

As is apparent from the results set forth in Table 5, polishing compositions of the

EXAMPLE 6

This example demonstrates polishing comppositions of the invention comprising

silica, an organic carboxylic acid, a polysaccharide, a base, optionally a polymer, and water.



0,7 0,46 875 1293 0,064 101 5 1,1. 0,66 163 205.3 0...038 10J 5
1.1 0.46 1005 1868 0.092 did not contain BORCHL CGel PW25 - contai ned MA
(0.55 wt . wo 2ores3esd of DMPA 101311As i s apparent by thePcediskaiz/ogs forth
in Table 10, polishing conpositions of the invention can provide a good
bal ance of substrate renoval rate, defectivitv, arid haze. EXAMPLE 11
101321Thi s exanpl e denmpnstrates that, §0I|sh|ng conpositions of the

i nvention conprising silica, an orgaﬁlc carboxylic acid, a polysaccharide,
a base, optionally a polyner, and water exhibit good pollshing properties.
10133#&@ ! ar kil Q@ﬁ@%h%m@% G215 Rhd s,'mn%i‘.‘?dpklﬁw@ @@E’l\d&;&&gm&aw hghi ng
pad under 't he sane conditions wt po Al ng conpo It1ons entified as
Pol i shamg cGohmpos witlo A gl ffdAet poh@msEamhmxﬁmﬁ@Imiemhhn@ w{mﬂmd)msiﬁ angostiod | 1G

tai, 4 W% Fuso PL2 silica parti b), | d
() AR Ehet o bRE B b5 %ﬁ%&i@ﬁﬁ&&%&z? 48 P bkl e acid in
the copngendr (t%l) oo v?'@to nflzﬂfntna abia, {-[@@bﬁp 11&@)\1@‘@7 {‘pﬁm()l*lmgg (b MWa83:, 800 (d)

0, 55 wt. % pot assi um hydroxi de, and (€) water, Polishing Conpositions
11B- 1bgdzmezomw%@wsﬁno:ﬁﬂus@omm ﬂmemaammbmm%;w@tjmlamed 150 ppm

ORCHL,' . 1013 h b
rermvgn’ﬁiﬂgf%b‘?%u‘Tg‘f%gé‘ﬁkﬁ‘ﬁﬁm?ﬂ“”e ﬁd?‘(ﬁhggwfm ré éefé-rrmenzg fS g;ate

each polighi nTE: GORAPAS irdh@! rAORR harvdipseDENIRersdapmiihabthr achTabl e 11.
TABLE 11 Carboxylic Acid Conp. KOH (wt)) , RR (A /min) DCO counts) DNN
Haze welishing composition, and the results are summanzed m Table 6.

TABLE O

Comp. |  Polymer (ppm} RR {A/min) Haze

| {ppmy}

6A" | none 1497 0.068

68 | DSX 3000 (60) 690 $.025

6C | DSX 3000 (150) 281 0.019

6D | DSX 3000 (300) 300 0.016

6F | BGPW2S {150} 733 .030
i average of 3 rans
“average of 4 runs

f0115] As is apparent from the results set forth in Table 6, polishing compositions

containing either COGNIS DSX 3000 polymer or BORCHI Gel PW25 polymer exhibited

an improved substrate haze as compared to the same polishing composition without any such

polymer.
EXAMPLE 7
o116} This example demonstrates polishing compositions of the invention comprising

sifica, an organic carboxylic acid, a polysaccharide, a base, and water. This example further
demonstrates the effect of the molecular weight of the polysacchanide on the substrate
removal rate exhibited by the polishing composition.

{6117} Similar silicon substrates were polished using a SPM3 100 polishing pad under the
same conditions with 3 different polishing compositions identified as Polishing Compositions
7A-7C. Each of Polishing Compositions 7A-7C contained (a) 4 wt.% Fuso PL2 silica
particles, (b} 0.55 wt.% malonic acid, (¢} 607 ppm HEC having a molecular weight between
83,000 — 1,300,000 as indicated in Table 7, {d) potassium hydroxide, and (e} water.

[0118] The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were

determined for each polishing composition, and the results are summanzed m Table 7.



t ppm) 11A L2MA (0.55) 0.55 1074 1106 0.045 1 | BAsp (0.71) 0.71 788 1085
0. 036 11Chicine (0.87) 0.87 884 1264 0,038 lii)bicine (0.87) 0.87 , 728
1366 0. 03WOR0LEBIT2Ne127) 1.27 940 1303 0. 038 11Fbi ci nePCI/URZ)11/04962¥ 1117
1242 0.043 3-am nopyrazine-2- 11(1 carboxylic acid (0.74) 0.68 878 1375
0.036 average of 4 rins -

N
&

TABLE 7

Comp Average MW | oo i | DCO gi‘j\
LOMPp, of HEC = (connts) | 21'*:;
A 83,000 91 48 | 0042
s 250,000 731 317 0.036
7 1,300,000 662 412 0.038

{0119  As is apparent from the results set forth i Table 7, the polishing composition
contaiming HEC having an average molecular weight of 83,000 gimol exhibited a higher
removal rate than stmilar polishing compositions containing HEC having higher molecular
weights,

EXAMPLE 8
jo120] This example demonstrates polishing compositions of the invention comprising
silica, an organic carboxylic acid, a polysaccharide, a base, and water.
[0121} Stntlar silicon substrates were polished using a SPM3100 polishing pad under the
same conditions with 8§ different polishing compositions identified as Pohshing Compositions
SA-8H. Each of Polishing Compositions §A-8H contained (a} 4 wt.% Fuso PL2 silica
particles, (b} an organic carboxylic acid in 8 concentration set forth 1n Table 8, {¢) 607 ppm
HEC (MW = 83 000 g/mol}, {d) potassium hydroxide, and (e} water.
{0122]  The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were
determined for each polishing composition, and the resulls are sunumarized in Table 8.

TABLE 8

Comp, Carboxvlic Acid (wt, %0} RR (Admin

dicarboxylic acid

g4A’ malonic acid (0.55) 744 997 | 0075
8B methvl malonic acd {0.62) 936 875 0.290
&C dimethvl malonic acid (0.70) 913 681 0.060
S0 buivi malonic acid (0.853 1040 1106 0.063
SE 2-batvl malonic acid (0.85) 69 Q39 0.058
8F | sodium mesooxalate monohydrate (0.96) 939 779 0.057

Bvdroxy acid
SG DMPA (3,71 322 344 0019

ammino-carboxy subsiibuted frazine

8H ATCA {0.68) 609
average of 3 runs

3

~3
3]
‘Cr
)
Tad
[




- did not contain BORCH PW5 101351As is apparent by the results set forth
in Table 11, polishing conpositions of the invention can provide a good

bal ance oVOos0baBr®mee renoval rate, defectivity, and hazeCTHERANRIOBG61ID
101361Thi s exanpl e denonstrates that polishing conpositions of the

I nvention conprising silica, an organic carboxylic acid, a polysaccharide,
a base, optionally a surfact, t or poiyner, and water exhibit good
pol i shing properties, 101371Sinilar &ilicon substrates were polished using-
a SPMB100 polishing pad under the sane conditions with 9 polishing

CO”POEMI_’;?”S hdenth hﬁgirgnﬂ tPQ!Ir_L,i'cﬁl'fQ aﬂgh%niﬁ%ibk' @&Fh%ﬁ%&%‘ffmsﬁ%? oPlhe

Pol i shi ng”Conposi t'ions cont al ned PL2 silica
parti ¢hesiiof bjr SroSew 1048 balyad o subamtcd;en(mﬁ B67 dplpotECaidWyzeee, 80, 000

g/nmol): (d) 0.75 o,s,,t.% KOH, (%%V\@%g& and (1) optionally a pol yner or
surfactant as set forth in Table P6%381The substrate renoval rate (RR),

def ectipyifyy ( @@Q):x(nﬁﬁl@ dBRG8stANHWRRE cdehenmned zlﬁeon'in &ﬁﬁﬂ c@ﬁiph%#fﬁhn g
conposi tion, and the results are summarized in lable

2012/ GHE7SRRCEAIS2ODI HIBRD a PABSE charido n@a%@@pmmﬂix (*%m@» nrmnand RReL.. Atm i n)

Bex a00E s bt donsrra O RR effser i Tyng G Ro TR0 TSR 130085 0004 685 1.

88 0, Q3”centration on substrate removal rate, defectivity, and haze exhibited bythe polishing
composition.
0125 Sunilar sibicon substrates were polished using a SPM3100 polishing pad under the
same conditions with § different polishing compositions identified as Polishing Compositions
9A-9FK. Each of Polishing Compositions 9A-9E contained (&) either 4 wt.% or 5 wt.% Fuso
PL2 silica particles, (b) either 0.55 wt.% malonic acid (MA) or 0.68 wi.% 3-amuno-1,2,4-
triazole-S-carboxvhe acid (ATCA}, {¢) 607 ppm HEC (MW = 80,000 g/mol}, {d) potassium
hydroxide in the amount indicated in Table 9, and {e¢) water. Polishing Compositions 8B-E
additionally contained 150 ppm of BORCHI™ Gel PW 25 as a hvdrophobated polvethylene
glyeol polvurethane.
{6126]  The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were

determined for each polishing composition, and the results are sunumarized in Table 9.

TABLE 9
Siica | Carboxlic | & G P DNN
Comp, | Siica C,Mboi\‘\eim '}x()H'L B(} PW25 DC{)A Hoze
Acid {wt Fa) {ppm {counts) p—
9A 4 MA 0.75 0 Q39 1399 4.067
9B 4 ATCA 0 46 150 753 3251 0.054
aC 5 ATCA 0.40 150 930 2366 Q.057
9D 4 ATCA (.54 150 904 1306 | 0.083
SE 5 ATCA 0,54 150 950 4227 (.08%0

[0127} As 15 apparent by the resalts set forth m Table 9, polishing compositions of the

wvention can provide a good balance of substrate removal rate, defectivity, and haze.
EXAMPLE 10

0128} This example demonstrates that polishing compositions of the mvention

comprising silica, an organic carboxylic acid, a polysaccharide, a base, optionally a polymer,

and water exhibit good polishing properties.

[6129] Stmilar silicon substrates were polished using a SPM3100 polishing pad under the

same conditions with 10 polishing compositions identified as Polishing Compositions 10A-~



12E BG L75 409 1758 0.025 12F 130 WN50S 250 1378. 0.020 120 BO A LA
622 794 0.045 12H BG Thixo 2 788 1140 0.051 average of 2 runs [0139]As

i s appar ewo 2bi2/3hes2r esults set forth in Table 12, poli sirCogSecanpese i ons of
the invention can provide a good bal ance of substrate renoval rate,
defectivity, and haze. EXAMPLE 13 [01401Thi s exanpl e denonstrates that

pol i shing conpositions of the invent .L(_pn conprising silica, an organic
carboxylic acid, a polysaccharide., & base, a polyner, and water exhibit
good polishing properties. This exanple al so denponstrates the effect of
pol ysaegharii0e: p a6y (AR RPRLYIEE A SONESNLLAL 190SON PPl Falig,renoval rate,
def ec?’?\%i ?\}Lhd(gnpcflmﬁ%?%C%%g’fg@fé@?ggg g‘?ﬁ%%g{%{isqlt}é\slt?aﬁ?g(g?\tl\/e?gﬁgol i shed using
a SPVpiORigsolh} shiergngadic unider dithahslappomondictidon shewiohbe b tipo ketdhitng

conpositions. identifi s,.Pol I shing sitions 13A133 . Each of Polishing
Compodblolt 3R paimTEG TR AN et Pl Paik W el SO B S AT e 8 Dar t ol o, (b)
0. 55 WhndoniBlianis (aal & 768 1 ERREd Wvdde pepassntbahbanosefod-e6f & Tabl e
13, (d) potassium hydroxide in the concentration set forth in 'Table 13,

(e) BORGHinerh!ERppPRPBROAI FaVEbacehydrapiodated eplkdnimeigyerhpdisutdanand (f)
vvater.\RL%%Z] The substrate renoval rate (RR): defectivity (DCO, and haze
( DNN) RRe& det er mi ned thr each pol i shing conmposition, and the FC$111tS are

sunmanorag | nTlehltendid remMWQ! 204 HRBALRRGH WRA0L 30 D49RIDNMBLE:13 C. . . np.

. HEC Wn 207 ... KOH (‘W| .% .BGPW5 :(poluf 0 RR.2'1 1 911 DCO
Lcont idesyminedgyzeach polishing composition, and the results are sumimarized in Table 10.

TABLE 10

Comp. | % Solids | T I ) Haze
| {(Amin) | {counts) =

s | {pom)

10A] 4 0 (MAY 0.75 1488 | 746 8.077
108 4 07 0.46 809 | 3209 0.083

10C 4 07 0.66 £33 {1527 0.102

10D 4 1 0.46 747 | 1017 0.076

10E 4 11 0.66 88 I 1954 0.047

10F 45 | 09 0.56 194 | 1373 0.092

10G 5 07 .66 102 | 1599 0.077

10H 5 0.7 0.46 §75 1 1293 0.064

101 3 s 0.66 163 | 2053 0.038

10 3 1] 0.46 1005 | 1868 {3,092

! did not contain BORCHI® Gel PW23
“contained MA (0.55 wt %) instead of DMPA

{0131}  Asis apparent by the results set forth in Table 10, polishing compositions of the
mvention can provide a good balance of substrate removal rate, defectivity, and haze.
EXAMPLE 11
j0132] This example demonstrates that polishing compositions of the mvention
comprising silica, an organic carboxylic acid, a polysaccharide, a base, optionally a polvimer,
and water exhibit good polishing properties.
[0133] Stmilar silicon substrates were polished using a SPM3100 polishing pad under the
same conditions with 7 polishing compositions wdentified as Polishing Compositions 11A-
116G, Each of Polishing Compositions 11A-11G contamed {a) 4 wi% Fuso PL2 silica
particles, (b} either malonic acid (MA), aspartic acid {Asp), bicne, or 3-aminopyrazine-2-
carboxylic acid 1 the concentration set forth in Table 11, (¢} 607 ppm HEC (MW = 80,000

gimaol), (d) 0.55 wit.% potassium hydroxide, and () water. Polishmg Compositions 11B-11F



DNN Haze 13. A 0.033 . 0,073 13B 1.3C 207 207 0, 043 0, 033
0 300, 15.13 355 5061 1273 O. 103 0.020. 13D 207 0.043 300 887 1332 0..040
13Ei . 60WO0 2012088752150 868 1104 PCT/US2011/049629

30

additionally contained 150 ppm BORCHI™ Gel PW25. The pH was adjusted o 0.6 with
KOH.

{0134]  The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were
determined for each polishing composition, and the results are summarized in Table 11,

TABLE 11}

Comp. (i?a:t.‘i_)qxx-'iic Acid _!_3__(_}}_}1 RR | BCO “ %Eif’
wt.% (wi2) (&/min) {counts} @

HIA™ MA (0.55) 0.55 1074 1106 0.045
1B Asp (0.71) 0.71 788 1085 0.036

HC bicine {((0.87) 0.87 884 1264 (0.038

1D bicine (0.87) 087 728 1366 0.036

1IE bicine (1.27) 1.27 940 303 0.038

i1F bicine {(1.27) 1.27 1117 1242 0.043

G ;g‘?fﬁff&ﬁ“f&i | oes 878 1375 0.036

| average of 4 runs
did not contain BORCHU Gel PW25

[6135] As is apparent by the results set forth m Table 11, polishing compositions of the

tavention can provide a good balance of substrate removal rate, defectivity, and haze,
EXAMPLE 12

[0136]  This example demonstrates that polishing compositions of the invention

comprising silica, an organic carboxylic acid, a polysaccharide, a base, optionally a surfactant

or polvner, and water exhibit good polishing properties.

0137} Similar silicon substrates were polished vsing a SPM3100 polishing pad under the

same conditions with 9 polishing compositions wWdentified as Polishing Compositions 12A-

12H. Each of Polishing Compositions 12A-12H contained {a) 4 wt.% Fuso PL2 silica

particles, (b) 0.55 wi% malonic acid, {¢) 607 ppm HEC {MW = 80,000 g/mol}, {d) 0.75 wi%

KOH, () water, and () optionally a polymer or surfactant as set forth in Table 12

j0138] The substrate removal rate (RR), defectivity (DCQ), and haze (DNN) were

determined for each polishing composition, and the resuilts are summarized in Table 12.



0, 030. 13F 1007 0,033 0 330 2068 0.024 13G 1007 0,033 300 280 1550
0.017 13H 1007 0.038 300 671 .1226 0,024. 131 1007 i 0.043 300 444 1015
0.026 11.wO 20030132043 0 751 1145 0.024  aver agePofi/ud201u/0896pD1431As
is apparent by the results set thrth in Table 13, polishing conpositions of
the invention can provide a good bal ance of substrate renoval rate,
defectivity, and haze. EXAMPLE 14 [01 41Thi s exanpl e denpnstrates that
pol i shi ng conpositions of the i nvent i on conprising silica, an organic
carboxylic acid: a polysaccharide, a base, a surfactant or polyner, and

wat er exhibit good polishing propgniHigs;; This exanple al so denonstrates the
ef f ect jof—surfact d.IIL concentrattTpnom-substrate-renovatyrat -' ut:l egtivity,
and haze 101451" | ' subst rat es. were PG shgd ustihg-a SEM3100
polishlngméﬁﬁ—unc Fg jigi%é§§¥§l 8 mpelishi rlg comddsiti dns

i denti fli,ed..as. Paoliishi ng (‘nrrlnn':i tions 14A-14 Each of Pali Q@@ﬁ
Conposilt i oh3A14A114H copangi ned (B) 4 MB3% Fuko PLZ7si Lilca paP8icled, (b)

0, 55 wi. % iiABIl onijc acDdX 30&p 607{ ppm REC (MW 80, D@ gi nfor ), 002} 0. 735 wt
1T KGR (e)] BORgH pwesl PVWRS 1 ngghe copceniqogti onf setopgsth 1in Tabl e

14, an (J.)l*;ﬁa[ er. lUJ{ﬁ@éé&_@ SUpnstirat ng eITDVB.I I’ﬁf&% (Hh) v Ughes p[ I ity

S 0 A A1l A E S L R

=

I Rl R v 250 1378 0020
12G BG A LA 622 794 0.045
12H BG Thixo 2 788 1140 0.051

1 average of 2 runs

{0139 Asis apparent by the results set forth in Table 12, polishing compesitions of the

mvention can provide a good balance of substrate removal rate, defectivity, and haze.
EXAMPLE 13

[0140]  This example demonstrates that polishing compositions of the invention

comprising silica, an organic carboxylic acid, a polysaccharide, a base, a polymer, and water

exhibit good polishing properties. This example also demonstrates the effect of

polysaccharide, base, and polymer concentrations on substrate removal rate, defectivity, and

haze.

0141} Similar sificon substrates were polished vsing a SPM3100 polishing pad under the

same conditions with 10 polishing compositions identified as Polishing Compesitions 13A-

131, Each of Polishing Compositions 13A-13J contatned (a) 4 wi.% Fuso PL2 silica

particles, (b) 0.55 wi% malonic acid, {¢) HEC in the conceniration set forth iy Table 13, {d)

potassium hydroxide in the concentration set forth in Table 13, {g) BORCHI™ Gel PW25

the concentration set forth in Table 13, and (f) water.

{0142]  The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were

determined for cach polishing composition, and the results are swnmarized in Table 13,



WD 2012/ 030752PCT/ US2011/ 049629 33 TABLE 14 Conp, 1. BG PW5 (ppm) RR
(Aimin) DO (counts) DNN Haze (ppm) !4A 0 1349 913 0.067 14B 60 1103 1006
0, 057 14dWOR0LABE7s860 0.052 14D 120 1014 949 0.048 14ERCIAG2L08®62463
0.047 14F 180 858 909 0,039 14G 210 748 943 0.036 14H 240 728 961

e
28]

TABLE 13

Com HEC BG PW2S ) RR DCO gtf:
SR, {ppm) PRy (Afmun) | {counts) - 1;:‘
13A 207 (0.033 { 911 4533 0.073
138 207 0.043 0 1513 3061 0.103
130 207 0.033 300 356 1273 0.020
13D 207 (1.043 3040 887 1332 0.040
13E’ 607 0.038 150 R68 1104 0.030
13F 1007 0.033 0 330 2063 0.024
13G 1607 (.033 300 280 1535Q 0.017
13H 1007 0.038 300 671 1226 0.024
134 1007 0.043 300 444 1018 0.026
13} 1007 0.043 0 251 1145 0.024

i o
average of 2 runs

[0143]

As is apparent by the results set forth in Table 13, polishing compositions of the

invention can provide a good balance of substrate removal rate, defectivity, and haze.

0144

EXAMPLE 14

This example demonstrates that polishing compositions of the invention

comprising stlica, an organic carboxylic acid, a polysacchande, a base, a swizctant or

polymer, and water exhibit good polishing properties. This example also demonstrates the

effect of surfactant concentration on sebstrate removal rate, defectivity, and haze.

[0145]

Stmilar silicon substrates were polished using a SPM3100 polishing pad under the

same conditions with 8 polishing compositiions dentified as Polishing Compositions 14A-

{4H. Each of Polishing Compositions 14A-14H comaimed {a) 4 wt.% Fuse PL2 silica

partictes, (b} (.55 wi. % malonic acid, (¢} 607 ppm HEC (MW = 80,000 g/mol), {d) 0.75 wt %
KOH, (e) BORCHI™ Gel PW2S in the concentration set forth in Table 14, and (f) water.

[0146]

The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were

determined for each polishing composition, and the results are sununarized in Table 14



0. 037 average of 3 run - average of 2 runs average of 7 runs [01471As is
apparent by the results set forth in Table 14, Polishing Conposition 14A,
whi ch di awoabi1zgsotsai n any BORCH Gel PW25 pol yner, exhi lpCtras2e tiougsho
substrate renoval rate, suitable substrate defectivity, and | ow substrate
haze. Polishing Conpositions 14B-14H, which contained BORCH 'm Gel PW5

pol ynmer exhi bited i nproved subst rate,haze, W th suitable substrate renoval
rates and defectivities, as conpar ed’to Polishi ng Conposition 14A under
these polishing conditions. EXAVPLE 15 101481This exanpl e denpbnstrates that
pol i shi ng corrp05| tions of the i nvgqtmqﬂl@orrprl sing silica, an organic
car boxytirc—acrd—arpotysaccharide—a-tase;—arpotymer;—and Q’\ i bit
good poI [ schbmg pro@u("tl%@i(ﬂmm; al RH {éxmrml e} dBNOn&buakes| t 1;51 cl?i(?zgm of
surf acl-e \ 2 : sirat-e—rerpvald

def ect 1(§b102| Silmi I .=1ri 349 |icoh_substPat es her €96 i shed
using g SPMBBOO pol i shi ngbpad under t1he} sane| condi#ons wi t h 0AFol i $hi ng
conpos| tions(rdentj fied as Poli ghi ngiGehposi}ions 66A 15G Eacis2of
Pol i shjng C]?Qm@OSIt ons Iof I15G dontaiped (a)f 4 W .gfwFuso PLZ (sadyl ca
pgrti)c : 946&'[ ot Aa(lzrdgl}«,(s e T ppmdfmmmﬁ_g' nol ),
E;o?’]cen a , ort-h gU,Q T;.\hl 1\1-'\ 73 t.IJACH'I'_‘L:’\ in@gjrazn fnrn(‘kl@rﬁd‘j rat e (RR),
def ect Lvi t vi4bo0) .| and Hdfe (DNN) V\eréﬁdet erhi ned %ar_each pd93hi ng
conpos| tionidthnd the resiitts ard sunm@Sized | n TaBé 15. | WD0.037
2012/ 03@&52@@; 12011/ 049629 34 TABLE 15 G -Ep_. Polyner (p pm) RR'A/nmn
DO C Na;em Ardaze (counts.) m 15A tone 1132 9749 0, 088 158
80 WQ&&mtﬁﬂ&s4029 0. 068 15C BG WNSOS (100) 703

)m)

{0147} As 18 apparent by the resalts set forth m Table 14, Polishing Compostuon 144,
which did not contain any BORCHI' Gel PW25 polyrer. exhibited a high substrate removal
rate, suitable substrate defectivity, and low substrate haze. Polishing Compositions 14B-14H,
which contained BORCHI™ Gel PW2S polymer exhibited improved substrate haze, with
suttable substrate removal rates and defectivities, as compared to Polishing Composition 144
under these polishing conditions.

EXAMPLE 15
j0148] This example demonstrates that polishing compositions of the tnvention
comprising silica, an organic carboxylic gaid, a polvsacchande, a base, a polymer, and water
exhibit good polishing properties. This also example demonstrates the effect of surfactant
and polvmer concentration on substrate removal rate, defectivity, and haze.
{60102}  Similar silicon substrates were polished using a SPM3100 polishing pad under the
same conditions with 7 pelishing compositions identified as Pohishing Compositions 15A-
15G. Each of Polishing Compositions 15A-13G comaimed {a) 4 wt.% Fuse PL2 silica
partictes, (b} 0.55 wt.% malonic acid, {¢) 607 ppm HEC (MW = 80,000 gimol), {d} 0.75 wt%
KOH, (e) water, and () optionally a polvmer in the concentration set forth in Table 15,
[0149] The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were

determined for each polishing composition, and the results are sunimarized in Table 15



1856 0. 055 15D 130 WN5COS (150) 314 1129 0.018 15E 60 A LA (150)
9127 0.100 15F 130 ALA (250) 1190 1153 0.096 150 130 A LA (400) 11 85 758
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substrate haze. In contrast, Polishing Compositions 1SB-130 comprising BORCHI Gel

Composition 15A under these pohishing conditions, Moreover, Polishing Compositions 15E-

15G comprising BORCHI™ Gel A LA exhibited improved substrate removal rates and

defectivity, with suitable substrate haze, as compared to Polishing Composition 15A under

these polishing conditions.

[0151]

EXAMPLE 16

This example demonsirates that polishing compositions of the mvention

comprising silica, an organic carboxylic acid, a polysaccharide, a base, a polvier, and water

exhibit good polishing properties.

10152}

Sunilar sibicon substrates were polished using a SPM3100 polishing pad under the

same conditions with 5 polishing compositions identified as Polishing Compositions 16A-

1ok, Each of Polishing Compositions 16A~16E contained (a) 4 wt.% Fuso PL2 silica

particles, (b) 0.55 wi.% malonic acid, (¢) 607 ppm HEC (MW =

KOH, (o) water, and (f) optionally a polymer in the concentration set forth in Table 16

[0153]

The substrate removal rate (RR}, defectivity (DCQ), and haze (DNN) were

deterniined for each polishing composition, and the results are sununanized 1o Table 16

80,000 g/mol}, {d) 0.75 wt%



in 16Anone 1385 1024 0.062 168180 PW25 '150) 971 1133 0. 039 16C
LCOGUM2830(1 0 1577 1487 0.062 161) ALCOGUM m L15 (150) 1552 710 0.061
16EALCOGUMG 20210307520) 1567 1067 0. 062 aver age of 3PCUNES20100%%6RAS i S
apparent by the results set forth in Table 16, Polishing Conposition 16A,
whi ch did not contain a polyner, exhibited a suitable substrate renova
rate, defectivity, and haze. In conttast, Pol i shing Conposition 168
conprising a polyethylene glycol polyurethane exhi bited an inproved
substrate haze, with a suitable substrate renoval rate and defectivity, as
conpared to Polishing Conpositionyhhunder these polishing conditions.

Mor eover , Potrshpng—Conposttions—t6C-16Econprigrng-watgr—=si ReLel acryl ate
polynmers ¢ hl bitied i np qved_ ub trate ir al . rat e tih '[:,njt:ab[e
substrate thviti eSS Fae, as cg%@@ﬁt o (Rehiss i ng**EBnppsi tion 16A

under thesge pnl iishi ng rnnrll tions. .  EXANPLE 17 [ﬂ’l'—'\'—'\] This jex
denonst r at ed®8hall _pol i shi mgh¢onposi tidns 0#8% he fi nu8dt i on 8&8Rriki ng
silica, ah o6ganj c carkiePWic(1ad) d, a |pol y¥acchdri dé3i a jpasé3iva surfact ant
or pol yner, jand Maiecoexdidsigeadseolll shisgy pr dpeniiges.| Thiggaexpnpl e al so
denonstra ey cphel et {‘-p@;}(qt—\ﬁql Mr@:;mco CENGESL T ONS qm@udﬁ‘m@—l"emval_
rate, defectiprt &3 'ﬁﬁﬁi“»ﬁ” j\jgé-d it oughgt auat ] a&%?e,were p0| i shed

using,a S 'Fj,i “o! +SHH-Fg raer w-t-A—+0-pol | shi ng
corrpos@f‘?‘éﬁ"s“ﬁ HBRSi fied as Pol i shi ng Corrp03| tions 17A17 1. Each of

Pol i s hiy ey CO”RQ%‘ &ﬂp‘?@%‘t SOMeabRAY s{@hnf it ab% 'fé’%h@lmﬁ 270%1d0&ﬁ@n @@At' cles,

(h) 0.55 mal’ onic acid, (c) 607 ppm HEC (MW¥ - --- 0 ginol), (d)

0, 75 whigh mmﬂm (ae)mtwatmk»m%tnﬁd(lfi)eddmw1®Mawi§st¥atep@mymdmmmetimnd@rm@int ration
set f rth detectivity
(000 Dok bR SR s an R U B or By R U SO RBBER RS, The
resul t:ghidiied St RO ERdibkingd ablee wlth-a suliDi2QlREARBALHIRCTAWR0 84048629 36

TABLE 17 Conp. 1v Ponmer (ppm} RR (A/nmin) DCO (counts) DNN Haze
(im, a1 papapared to Polishing Composition 16A under these polishing conditions. Moreover,

Polishing Compositions 16C-16E comprising water soluble acrvlate polymers exhibited
improved substrate removal rates, with suitable substrate defectivities, and haze, as compared
to Polishing Composition 164 ander these polishing conditions.

EXAMPLE 17
{6155 This example demonstrates that polishing compositions of the invention
comprising silica, an organic carboxylic acid, a polysaccharide, a base, a surfactant or
polymer, and water exhibit good polishing properties. This example also demonstrates the
effect of polymer concentrations on subsirate removal rate, defectivity, and haze.
{0156} Symtlar silicon substrates were polished using a SPM3100 polishing pad under the
same conditions with 10 polishing compositions identified as Polishing Compositions 1 7A-~
171 Each of Polishing Compositions contained (a) 4 w1.9% Fuso PL2 sihica particles, (b)Y 0.55
wt. % malonic acid, (¢} 607 ppm HEC (MW = 80,000 g/moly, (d} 0.75 wt.% KOH, {(¢) water,
and () optionally a polymer in the concentration set forth in Table 17
{0157}  The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were

determined for each polishing composition. The results are summarized in Table 17



none 1331 925 0,050 178 13(3 PW25 (150) 778 1081 0.033 17C BG WNSOS 75) 897
958 0.033 17D 80 WNSOS (100) 403 1318 0,022 17E BG M N5OS (125) 148 1978

0. 022 17AvoB@2A3L7A2(400) 1340 856 0.041 170 80 A LAPC30BR011849%294006
0.040 1711 130 A LA (1600) 1338 923 0.040 171 BG 0434 (210) 616 1125
0.026 17,1 86 0434 (250) 529 1202 0.025
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TABLE 17
Comp. Polviner (ppm) RR (A/min) DCO (counts} m{)?\(‘;ﬁ? 2
17A none 1331 923 0,050
178 BG PW2S (150) 778 1081 0.033
L7C BG WNSOS (75) 897 958 0.033
17D BG WNSOS (100} 403 1318 0.022
17k BG WNSOS (125) 148 1978 0.022
17F BG A LA {400) 1340 856 (.041
17G BG A LA (300} 1340 1006 0.040
17H BG A LA (1600) 1338 923 0.040
174 BG 0434 (210) 616 1125 0.026
17] B( 0434 (250) 329 1202 0.025

{0158 Asis apparent by the results set forth in Table 17, substrates polished with a
polishing composition comprising either a surfactant or polvmer {g.g., BG urethane or BG
acryiate) had decreased substrate haze under these polishing conditions as compared to
substrates polished with a polishing composition that did not contain sych an additional
additive.

EXAMPLE 18
{6159  This example demonstrates that polishing compositions of the invention
comprising silica, an organic carboxylic acid, a polvsaccharide, a base, optionally a reducing
agent, and water exhibit good polishing properties.
[00103]  Similar silicon substrates were polished under the same conditions using a
CIEGAL™ 7355 pad with 7 different polishing compositions identified as Polishing
Compositions 18A-18G. Each of Polishing compositions 18A-18F contained (2} 4 wit.%
Fuso PL2 silica particles, (b} either MA or gallic acid in the concentration set forth i Table
18, (c) 607 ppm of the polysaccharide HEC (MW = 80,000 g/mol), (d} potassivm hydroxide
in the concentration set forth in Table 18, and (e) water. In addition, Polishing Compositions
18B-18G also contained ewther potassium bicarbonate or potassiom metabisulfite m the
concentration set forth in Table 18
[0160] The substrate removal rate (RR), defectivity (DCO), and haze (DNN) haze were

determined for each polishing composition, and the resudts are summanized in Table 18
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CLAIMS
i A chemical-mechanical polishing composition consisting essentially of:
{a) silica,
(b}  one or more organic carboxyhic acids, salts, or hydrates thereof selected from the
group consisting of
{1} dicarboxylic acids of the formula:

HOLZC f CR'R? “}'CQQH

wherein n is an integer of 0-8 and each of R’ and R” is independently selected from the group
consisting of hvdrogen, a hydroxyl group, and Ci-Cs alky! groups, or R' and R together form
an oxo group, and when u is 2 or more, the bonds between the CR'R groups are
independently selected from the group consisting of single, double, or triple bonds;

{11} amuno acids of the formula:

R* R!
RS\?IQXC'DQH
R4

wherein each of R, R¥, R, and R* is independently selected from the group consisting of
hvdrogen, an aminoalkyl group, a carboxvalkyl group, a hvdroxvalkyl group, a -{CHa -
group, and —{CH=CH-), group connecting either R' or RY with either R* or R*, wherein n is
an mteger of 1-6;

{111} hydroxy acids of formula (1),

(RIRPRIC}~COH
% n

wherein u is an integer of 0-8, and each of R'-R” is independently selected from the group
consisting of hydrogen, alkyl, hydroxy, and hydroxyalkyl, wherein at least one of R-R” is
hydroxy or hydroxyatkel, or formula (2}
COCOH
N

}

s
(k)
N

wherein n is an mteger of 1-5]
{(1v} carboxy substituted pyrazine compounds; and

{v} carboxy substituted triazole compounds,



GA (0.64) 0,72 0,170 476 1258 0,032 [01611As is apparent fromthe results
set forth in Table 18. polishing conpositions of the invention can provide
a good bawveror/sbh7sgubstrate renoval rate, defectivity, aou/usawe/049628 CLAI VS
1. A chem cal - nechani cal polishing conposition consisting essentially of:
(a) silica, (b) one or nore organic carboxylic acids, salts, or hydrates
t hereof selected fromthe group COﬂSLétlng of (i) dlcarboxyllc acids of the
fornul a: HORC- CRLIR2 CO2H wherein n is an i nteger of 0-8 and each of R and
R2 is independently selected fromthe group consisting of hydrogen, a
hydr O)Q\)I g ﬂ&'@»r @ﬂf{ G5 &u: @ m.@u‘?&ﬂ%xg he m gmﬁ%titnggs ther forman oxo
group, ‘and when n i5576 nor e, é en t he C& R- groups are
|ndepéwden&h&wkeﬂ@oﬁfdmfmmﬂmmhaugrmmmn@mns|stlng of single, double, or
trlple¥bonds glkéignlno acids of the formula: R2 Rl R3, NCO2H F R4 wherein
each &f) R OURSI it R4 is i ndependently selected fromthe group
consi 3&? ng )ﬁ%fmlﬁlﬂﬂr{%%nmﬁ@qﬁm@%%' AFor PoBReys, @ car boxyal kyl group, a
hydr oxyal kyl group, a --(CF12,)"- group, "and (Cl1:::di-), group connecting
ei t hedDRI  eptirealiyi aog oemm@redagmammsa wherein n is an integer of 1-6; (iii)
hydrog aC|d§ﬁpﬁ f;w X ré%% % .F%RlC)----OCQFimherein nis an integer of
ﬁh o YR ﬁé‘(é' ﬁ“ ﬁB‘ntIy sel ected fromthe group consisting
of hy@ﬁpgemeQJKyl hydr oxy, and hydroxyalkyl, wherein at | east one of R LR
i s hydroxy drox al kyl, or fornmula (2): COOH wherein n is an integer
of 1- sﬂmn{fitv)n wﬁﬁwxyom}@&ng biseer isg PHe conpounds; and (v) car boxy
subst it ut e(%ht.: oﬁéﬂ he ERFRAAAT claith] %«%%?&:93%%%%’%&?&9Héy?é%&%% $9  (¢)
one or nore selected f fe group consi sting of " a.
hydroxyﬁlKwﬁmebnndnﬁeptﬂammagempamum&mﬁﬁuanthan gum (d) one or nore
bases, (e) pt| ally one or npre surfactants _and/or polyners, optlonally
one of ror d ’aﬁgi*%tﬁa%ww LBt it 31*3@%-3@? PYFHTE ThibEPHEE O and ( h)
vat er o yher &f ibh&“@%‘tkl}%'ﬂd@lnﬁf?%&%%%h&{‘ has an alkaline pH 2. The
pol i shi ng conp05|t|on o} erein the silica is present in an
amountd. of @ lﬁ@mimﬁnz./wmp@@lmtm‘%@m i hﬂémpmzb 1&h1magu wmpo&mbm@mboxglia The

pol i shi. osition cl ai 4 in.the i ca,.i.s present .

D oun g 460 o DT SR SRGIO0 G Bt 2N AT BepLETeE GO oG

pol i shi ng CORRRSLHiHEBosRhosEh @leﬂmV\fﬂ QFRLdI HRQLOMS:Qtic APk RNEASH Gom
carboxylic acids are present in a total amount of 0, 0005 wt.%to 2 wt.% of

t he pdhd sfﬁmgmwmeﬂf viagnic agd, medhel tp@ipiustamlgdn:wipdsmstlmmd@fi i@xit‘aﬁ m Wher ei n
t he dlcqrb X con3| nic

aci d. HI}PE?IHL raé{zﬁamaﬁztduédcls %nnnnfﬁofaiﬁgélmonuﬁx(% u,uxpmbn% ét gu ud oxa

onic-ac achd mal eic
acid,aa@dhmﬁmmg@@@x@hﬁﬁe nDnohydrate tartaric acid, nallc aC|d oxal ic
acid, and nixtures thereof 6. The polishing conposition of cIa|n15

wher eitn t he hginekis! ba&wfﬁﬁuwwﬁ«—é&mn‘gwdweﬂ gigidicarborylivgeidgpmplamiagid.

CONpos, ti th%fpaﬁ%iﬁhm.(ql‘npm%f 55”‘%& el Q’»rﬁ'ena(?n af! 1%1 u§ qég 1@@1&9&(& d‘?&fﬁ ‘iehe group

con5|st|ng ; seri ne, utam ¢ aci d tic ac

bi ci neyouy dmmlsmmr uﬂﬁe:tma saudiig ,ghmmeea@{d, ﬁb]ﬁﬂl(.diil(pllmkﬂp btcm;a@tmzﬂimrandnqar al i ne.
8. The po IJshlng conposition of claim1, wherein at |east one organic
carbo%&ﬁr@pgﬁﬁﬁ ¥§§§“€§?%o& %U%@F?P%ted pyrazi ne conmpound. 9The pol i shing

conpogy ti orRfsoghiai ,-zé’bénpc‘lm{xﬁd%iéihei,‘%@{e% Yr 1SARRRS LULEE BRI id is
a carboxy substituted pyrazine compound.
9. The polishing composition of claim 8, wherein the carboxy substituted pyrazine
compound 1s 3-aminopyrazine-2-carboxylic acid.
10.  The polishing composition of clatm 1, wherein the carboxy substituted triazole
compound s 3-amine-1,2 $-trigzrole-S-carboxylic acid.
11.  The polishing composition of claim 1, wherem the aromatic hydroxy acid is selected
from the group consisting of gallic acid, 4-hvdroxybenzoie acid, salicylic acid, 2,4-
dibydroxybenzoie acid, 2,3-dihydroxybenzoie acid, and 3 4-dihydroxybenzoic acid.
12, The polishing composition of claim 1, wherein at least one polysaccharide is

hydroxyethyl cellalose,



conmpound i s 3-am nopyrazi ne-2-carboxylic acid. 10. The polishing
conposition of claim1, wherein the carbax.y substituted triazole conpound
is 3-am neORpR/detei azol e-5-carbox.ylic acid. 11. The poritshéing49629
conposition of claim1, .Werein the aromatic hydroxy acid is selected from
the group consisting of gallic acid, :4-hydroxybenzoic acid, salicylic
acid, 2,4- dihydroxybenzoic acid, 2, ﬁdlhydrox ybenzoi c aC|d and

3, 4-di hydr oxybenzoi c acid. 12. The polishing conposition of claim1l,
wherein at | east one 'pol ysaccharide is hydroxyethyl cellulose, 40 13, The
pol T shisng aaAR@RLlihoRoBbo&h M IF ckim IHGREL, 113G AYEL AORCIRE BEIHADT YEI Nt of
t he hydroxyet hyl se Is 00 gl mol or i pol I shi ng
conpo&wﬁmmmmbﬁhmﬂakntESHXMN@LEmnimﬁeﬁaverage nDIecuIar melght of the

hydr o yeth l,ul ose is.10.000 . Qolishing
Comodiet o PO b G e P Sirphr Yoy moRkiap e P gt
CO”D0$th&@wﬂ} &ﬂmhﬁ%iﬁﬂ}M@ﬁfﬁhﬂulﬂ%imﬁnhﬁoﬁ 1 1. 17, The polishing
conposition of claimil, wherein one or rore surfactants and/or polymers are
presert. in iﬂ?ﬁ@*@bs}nnghmmgammsﬂmmoin whenegn e pA-iBhi ng conposi tion of
claln1%7 nic surfactant. 19.

The polish qP8L§B§é““P8ﬁh8$ﬂ zurf W}ﬁﬁ%}§$ﬁﬂ?ﬁe ghrfactant is an

acet yligni ¢ Thegblistihd ashpditid oflAidr ephebabedonabyetlydens .gd¥eol ,  20. The
pol i shing conposition of claim17, wherein the one or Mre polyners is a

pol yetjreneaglyesht wehypelshnarermessonat er sol ubl e acrylic. 21. The
pol i shing [NeJal qduci )t assi um
ot abi St t (o Pon g SefborPl ek O e e O PR b BiRR Per e
conpr isgimgant. (1) contactlng a substrate with a pollshlng pad and t he

chem cal - han cal polishing ¢ osition of any one of claing 1 to 21.

(ii) ovi ngﬁieh’é ‘E}BW %‘Pﬂ‘Wg"i&é’o‘ﬁr‘%ﬂg i @heig e Sgﬂﬁé%’}ia*t @ %ef‘*ﬂ“{“‘hém’i

chem ¢gl¢ iCalon coppogi.tion therebetween: and (iii) abrading
at eggé&g%ggﬁq %gc%?gﬁtgpggggtTgPéLt%ipoI|sh the substrate. 23.The net hod
of claﬂnl2ZhuwhbdéhmLmhﬁmﬂmnmaﬁmane:bbmmnﬁsmémsmhncunﬁ,wﬂdmanpmntion of the

silicon,i t ol,ish the substrate. ..
pohﬁn?&m L(lix ‘ool pgl\fp ‘ethang or a water &Oiugla* acrylic.

21.  'the polishing composition of claim 1, wherem the reducing agent is potassium
metabisulfite.

22, A wethod of chemicallv-mechanmically polishing a substrate comprising:

{1) contacting a substrate with a polishing pad and the chemical-mechanical polishing

composition of any one of claims 1 10 21

{1}  moving the polishing pad relative to the substrate with the chenmical-mechanical
polishing composition therebetween, and

{in}  abrading at least a portion of the substrate to polish the substrate.

23, The method of claim 22, wherein the substrate comprises silicon, and a portion of the

sificon s abraded to polish the substrate.



