WO 2012/ 032461PCT/ 1B2011/ 053884 Aqueous Pol i shing Conposition and Process
for Chemcally Mechanically Polishing Substrates for Electrical, Mechanica
and Opti cabD 2Devi3ess The present invention is direct@dTiB201/n38%d
aqueous polishing conmposition which is particularly 5 suitable for
polishing substrates for electrical, nechanical and optlcal devi ces.
Moreover, the present invention is dlrected to a novel process faor

pol i sh|'°r?¢'69‘dfbE@'fSQtr@sC‘?’BPOWlﬁ%'?@P‘?WJ%PB‘éWIC?%MGC'P%ECH"QM|P@éi$h"?a91§u%§5ﬁt‘isal
devi cedor Hlécttice t Mbehanivat annde@gtical Dbécex esent i nvention is directed to the
novel use of the novel aqueous pollshlng conp05|t|on for nanufacturlng

el ectri aI E ; EE % I P ﬁ € @
cited imMetiese 5‘58?&0 ﬁﬁrr%s ko ”8Y %qH‘E%LPp%‘%'é?'E% CBW’P% A WHER '% RETHER Y
ent i ﬁetsyltam;a&k@otmmw fostrates foneéastriceh nEsbamicallangdwphicalidedresl anari zati on or
polishing (CWP) is the primary process to achi eve | ocal 20 and gl obal

pl anar 'Mééﬁger' Hwteegtfe@&r?tdm%ﬁt%w Saifelefed) 1od Vdo‘?x%? Bro-EEQS &C&FlfsﬂMg éuﬁéﬁfr&t%&'fé{r

appl i es urries con Inrn rasives an
addlt|\W@@WE§“§W95$¥WV@'@Wﬁﬁ?@??i”ﬁé%ﬂ%@ﬁe§c?%tat|ng substrate surface and a
poli shing pad under an applied |oad. Thus, the CMP process couples a

g?yg?} g [%gﬁtlogﬁtcﬁétsle%{‘: hweaéreégrﬁtal%l/é’rﬁlow i5 tbllr%ct%tiletﬂ‘ the! no%loﬁ?r@eS Bf %Héc Ho@ AbaRt 1 on

bl e m)va
SUbst 1 SPURRESAsePasligR e T G P PRk it qsleel FieRem cal act i on,
but rather the synergistic conbination of both in order to achieve a fast
uni formit@ermy;a}nenfghi s way, the substrate is renoved until the desired
planarity is achleved or a barrier sublayer or stopping |layer is exposed.
Utinmtely pl anar, defect-free surface is obtained which enables 30
pr oﬂ)@r WI@PW@?@? citesl ipdhe peeseatARPlicatiop ﬁr%W‘Cgﬁﬁ’ﬁéaé%fh@h'fef‘if%@eo'ﬁ|”t‘€?1b@?t%§‘ﬂﬁy
patterning, etching and thin-film processing. Shallow trench isol ation
(STI) igncRgroRSEbithe IfARi&PP! i cation which generally requires the selective
renoval of " silicon dioxide to silicon nitride on a patterned wafer
substrate. In this case, 35 etched trenches are overfilled wth a
di el ectGhemthnmhanicabplgnarizgtion eopolghing (6P ik thehprirganygireesse do ashiage togal
si | beorngidisialpldparity @intytaR@sirduie (R3s)RIRLiREs.| Byetochrilge G ANy @pBERss EMIbs

W' t hr glc%ﬁ{é)logglfohg%r%ﬁdrdgg'af)ma%hggpus%sté}ﬁj ?l%eF %\ﬁ&ltlweg nas\'\@ﬁ lag’a\% th}nﬁﬂg

r eqw r &§tveap %mt&ngégb%?é%wéa@far@m%hwg Pd hing & fr‘rb?%{?t“?(}@%daﬂ_h'dﬁ &1e GMA con
di oxi d@rmsecomlesepmmal paicesdiRhtas abirdsiaowithna therdiegar @poasalsuclabe okiBRiorhi ch
ratio is cabeaoh Sit ?srﬁ(‘ﬁchetsﬁablﬁ fBIh@IeQBFno@& & d“@hlh@ o’F'shBétF’a@essﬁ)l @&Ebﬁﬁbﬁyed o0
201 /0324 1PCT/1 2011/ 0 q@ m ! fh?

cond? dOHERY BRI Pﬁ%ﬁ'yc e@ﬁa aﬁ%m RUHTRBRE 8&3!8?[&5 'BFO’E‘H'@PPO% QW‘ %er
achi evéo aclierepafast Uiy remgvaloxi de-to-nitride sel ectivity due to the high
chemical affinity of ceria to silicon dioxide which is also referred to in

the ar t h?sSw%)h?thg 1D g}rg@ls FeQT%\}%dgj?\ |II tﬂg' d8 we%ﬁféér%o@s %P{lg{/é(ﬁ&] 868%'”%} &ﬁ) rT.ger or

oxi de-to-ni

by addiStQPPEY aKeTh expegado p't““’ﬂfl‘ié'ysélp&'taf vqefget- fﬁ?r%’ﬁ@ﬁ% 'Sa(?t%té'ﬁ‘ﬁ@' L4 Wf%t\/%na@é%sn
nmade0 t eréperinadtilayee 16 eleeice fakiricytiaf by sutisaqbars etlolOMRoglaphy i pesternlity, Bhaning and
Jae- Donnih&fn BfocBhsingli scl ose in Journal of the Electrochem cal Society, 149
(8), GA77- (481, 2002, the effects of nonionic surfactants with different
hydr ophi | e-| i pophi |l e- bal ance (HLB) val ues such as pol yet hyl eneoxi des,

et hyl efd@dpdergnabpgpletieoxBdb is @priegifir §Mithelpplication which generally requires the

et hyl e@@@mnﬁbe:emwawdf%me@x tidgide td giliesresiride @nta ﬂ)zilie@:ﬁ?éﬁ WERPSHITRES. ﬂﬂthls case,
X g§ ?%q%g't YeHchs €912 Jx(‘}rrﬁl%go%fh' {H.‘e}’ec HErr'PQt% rjty &g OFLQN&%KGJ ox.éé”\%i’ rffs o‘ﬁéhéds

use bras; Ve, se jon Jourh

El ectr %W@W%é!"c%ﬁ'ir&eyba"igg"@@s teg pterginglaysobze CiR @8?%350@”0*%%‘?{?@ Ing
Sur f acttinsiicanditxidd érofrothBdlayisarlfilra avhilBeieintizing tye cbumavagolGhemsedbkilibrt hiidec al
Pol i shijpg trehB§silicdr sigice of surfactants such as pol yet hyl ene oxi de (PEO
and 20 et hyl eneoxi de- propyl eneoxi de- et hyl eneoxi de tri bl ock copol ymers on
the selectivity. However, the oxide-to-nitride selectivity is not

addf@s J&is. refHiceshai @armiep@taeahle appthievdnd armighgefiige ragsdafssigonldiexite material
Aner i casmpad et MIER & SR&nHBide removal rate MRR which ratio is also referred to in the art as

oxide-to-nitride selectivity.



B2 di scl ose a ceria-based CWP slurry containing surfactants, pH adjusting
agents such as 25 potassi um hydroxide, sulfuric acid, nitric acid,

hydr ochl owocomideséor phosphoric acid, and pol ynmers cont CHiTRZP18033g&ir ophi | i
functional group and a hydrophobi c functional group such as pol yvinyl

met hyl et her (PVNE) pol yet hyl ene glycel (PEG, polyoxyet hyI ene 23 | auryl
et her ropanoi ¢ acid (PPA), polyacrylic acid PN{: and

pol yet 'adﬁ$€‘olc'\%£§'uérteﬁe"rav(3lj%@9d copsidletablg atiesdiondn EVbarpliga Qnspepsagse of

i ncr eadfealr attildy ¢ adetena pompsialivay highedxiet tovriittige s8lBctiMity daedo itteanigpahemicallS
6, 616, %%It?%f B RLIOHRSN VidkR! \ihiBRREHs SR rBd dorid 1icPAY: 86 M EhePliéR fbdin Betioro! S
havi ng at east 3 hydroxyl groups that are not dissociable in the aqueous
medi un® poI ynmer fornmed fromat | east one nononer having at |east 3
hydr dxyl groups that are not dissociable in the aqueous nedi um such as

manni t NeveRBEIBES, Bhe oXTBERRAIGIdeX3dIddtiity ofseiiBd8ed SMMP URFMSEMuEE iBpXdVddrbyf or

i npr ov%pgifg%\@@éhﬂgmrgh@Ste[écg\etysel ectivity. The American patent application

uUsS 200 oses a“ceria-based CWP slurry having a viscosity of
at least 1.5 cP and conprising a viscosity increasing agent including a
non- i dhincerpad gtheenpts bieve beenpobgestotyilaies spiyativity ¢(RiEGp-basbe COHT slamibased CVP
slufpy is said to have a 40 high oxide-to-nitride sel ectrvrty and a | ow

t hi n-waf f VO 2012/ 032461PCT/ 1 1/ 0 d
hononor hoiPa80a b Al discioRa RapHITEL AT B CEphyi e mieAag T dars). G477l @
vi nyl pyz4&di A@02, the em}a @fymmni%mrﬁf@ctawltte@tf@ﬁeorhwwu@tlIoootrlle-tt@éarice\ﬂéblB)t )

I ncr easgluak s Osddiea 9XpoleethQrah o dss, S edtRgibhatxide-propyiefeolider | Egsbladrent and
app' ' Caetﬁrﬁéhegﬁgé%’@dy%%%é%éé efr!d}e%éﬁéé)s %ﬁbl@ckcegbﬁorgﬂéréd &P o)cttdgg{%)ola/ silicon_

risi | i'done €
"Eén WteﬁW ﬁUF'BQP e né'OCWﬁ'} Urﬂﬁ‘b@t“iﬁl's Es?ﬂl?? e b
N- et hyl - 2-pyrrol i done, N-hydroxyethyl-2- pyrroli done

ﬁ ggg;q 82606 g dVét ! 4idQBse .rt\hcmrﬁ;yr onhQErJC%bﬁaﬂear éb&refyylz@myea@t Izdghe,

N hexa§85§1B§er§r9f$??u8%'8 Sy on oRUed ke e heat Seegthvity durina s misele
cont ai Mefihgpias Petskigenthe inflkengsodfysactagtdnts guehl as glopsdhderngmaxide! (PHS) @sids .
Spegd f icthyrrBibeprotsfnebalié-aehylcpebyie I r:addlﬁoerre ¢ the selectivity. However,

N oct y}hezoﬁg%wllrﬁg%,%ﬁ?%gﬁ&e@g lgggpol ymers, and gl utaral dehyde. The

ceri a-bas not aggressrvely renove trench
silicon dioxide thereby all owi ng for extended polishing beyond the endpoi nt
Wi t houtThsWisdriahipatdny applcaéars USQRA0REO03E &T T mastidipe Aeieghan pdtenilti® 6/686;968an

el ERPASLER! bbb RRATD ERp cBtaMiRe s G RSa R S0 o1AERG r%rijcﬁwrom
LRI T s A R g L e and

furt herpmyr@rs;gmtaunmgamhydmm|I¢;bfh10¢tg)ngUg;r1ouggnd a hydrophobic functronal group such as

(Z_Aﬁ/:: ;re &yl AetiAA @atdrxbvwrmro@r |eﬁ@'\é1WB) (PEGRIPoN@xdetBldyk- 23 lfHL@)ﬂélﬂﬁér
i 0

2- (met ﬁgpq_%? ﬁ@%gﬁﬁk%r QQI’I(,Za&dS(w %waay%qogrt 8@9& bis ether

2-(2- dl(r’rggﬁﬁ rherﬁ?f'étbﬁ‘é@@? @r hq_s q_rn ipcrgased the oxrde to-polysilicon selectivity.

(di @@t hyl am no) propyl ] i m no] - bi s- 2- propanol , 2- (2- but yl am no) et hanol , 2-(tert
- but ylﬁ@ﬂﬁérﬁfalﬂada@ént s G@HB%QWBWD(%@&&OQ @érraal%ged @MF‘ slurry contarnrn organic

N-(3-am r The ce urt lernor e
ot a1 HOOR B e e kB e et predtt Ssppp R i e Adtpgm Mgl O o
hydr oxipgymériformed freimat lggeinere meohmes havmlatete@&téshmmdmomﬁ has are not
hydr ox yilis sl abes in Peosqlwiue rﬁéauaﬁssuao@ks WA riter, yélortsttalr,fraémaos%awruoraeb@@se,

PO! Y3CTULALE SaRRLHITBENAGEK) Y 65 o PRl gligagipnat es.  pol yrml ates,

pol ystyrene’sul'fonate fat e enzotriazole, triazole, and
benzoi m dazol e, and corrpl exr ng agents such as acetyl acetone, acetates,
gl ycol athesAmeacdrapaisnt ghplicatian &S, 2@x/012159¢i All disklabas aseripHtasat &IMB slurry

citrat 6Ft%wrn? ‘é@ﬁéc@@ﬁ;ﬁ& at Rst REIPLERY comfriding S visdoliy ﬁ@%@blﬁﬁ‘aﬁgﬁt%élﬁtﬁﬁgfé'n(%n-

acid, et ol r ate hoI al | al a honi_um
2ol s e prvDeai e Gt 1R J8R cefpvardf EYR Slieis BULE hige o

pr o¢d déﬂgjqumﬁes@rrewﬂﬂe selegtivity aeii Iarloow'tbbm\u@eerrrdrmlfosmtty BoWNY.tri de rel ative
to polysilicon. The Anerican patent application US 2007/0175104 Al
fjlnﬁ.db?tsrg‘r% Ains '%Ar?‘%&%ﬁfs'pﬁ}{gﬁ& W é’o oft%%r '/§1 HQC%SQQ yc%'n b%%@d Féthrb%mn‘}g

N- nono$aBSRd e deastionPredyct %ft?o%‘t'Y’t‘%rt %@h%étoé‘taSW“% aogtor PG'V(?(H‘V Wemwﬂ%er S
sel ected fromthe group consisting of acrylam de, nethacrylam de and

al pha-substituted derivatives thereof; polyethylene glycols;

pol yvi nyl pyrrol i dones; al kyl oxylated |inear aliphatic alcohols and

et hyl eneoxi de adducts of acetyl ene-based diols. The ceria-based CWP slurry



pol ymal ei ¢ acid, polyitaconic acid, polyfumaric acid, poly(p-styrene
carboxylic acid), polyacrylic WD 2012/032461PCT/1B2011/053884 4 aci d,

pol yacr yhaigi2de/o3asiino pol yacryl am de, pol ygl yoxal i ¢ aci #cCansB2aiiveissssal ts;
and vinyl polyners such as polyvinyl alcohol, and polyacrolein. The
ceria-based CWP slurry is said to havega high silicon oxide over
polysilicon selectivity. 5 The American pat ent application US 2007/0191244
Al di s@NEskE0ROPISF |SHQrb§§é’(S°ry@Vﬁ’d§1 mepcodammiae ntthy Betbarigavle. vivinygdige, or
wei ght vanygpyergidomel ddwel exactien gihdduets 2@ theli®@@ &ndnaesdeaialision theh pdidesty-hitdgeoups
and a Ggfcbgvityl group or both such as citrates, malates, gluconates,
tartrates, 2- hyd roxyisobutyrates, ad ipates, octanoates, succinates, E
DTA- cont ai ni ng conpounds, glutarates, methyl enesuccinates, nannose,

gl ycer dhgafmereanhpaients epplisatjarh KE- A1M216882<d, disdosgsabi ¢eviadwised tMn ciiase,
and gl oarprmgngThretsiar iasihased/EMBr ghiig ¥naey pfHiolideheor@npoihdd Nsddhnesy

pol y”e[?o%fn% 6||d%8f gP%ﬁ‘)ge 9%@@%%&%“%"&@9 ﬂ%RﬁM&?A Y{. WJrS)?y%tt&‘ yeol

side c sa I eveé an
gl obal pp;rralr%nptw %?'0?%' %@VF@W@GGMPQF éz pygo*\dr?é‘eAN‘é}eMe?anﬁ&' @?ﬁe N-decyl-2-
appl i cpyirolitonESN2EBIGOISS HPolidbne rechdUS-H2R88 Y2491 Bidéhe dTise kcesebased CMP

cerig- Qﬂﬁ%a%rtﬁerH{orré/ cGrqafnadlébé?QnB BtstiRe %oﬂya/%tkwc ‘é@bg I C(SE ah89 BRI ¢

surfac frome en r neoxi

T e SPRe pE Pl g Pa?'yﬁec Ty HoRldns s N oty gz%ﬁ?{ ONen & POIPEO
ceri a- Ipipskeppolymery, I@@dsé utpreldehyglee Bhehi gpiiadialsed oMbk istisrvanel kelievedbnoninet i de
over pelgymiskivei9nemeletémon diconZfoxidetHeddly dlatirgfopbxteh@sd polraingdRybe@the i N

o oc o bapoimtATREP GRS B ERNA BE ith k@ PV Ly "G, A ¢ hough

thelprl or art ceria-based CMP slurries may have a satisfactory
oxi de- tThenhterickn Roestebgmicaton YSapaD7i@077¢6%IAd pistibsdeed cemibdrasethaBMPAglangood

gl obal -gRdidi r@%%ly@ﬁm?{%ﬁéb%u&es@éol% lehéd&ﬂa éBbo‘iJh?eer?é‘beébY&ﬁffr&h tﬁ@ﬁHﬁPbriu@me ty
(WWANU),_and decreasi ng

b rens 10 w19 BrEASE. The rphstesriaet Py IOt T ACP o aah g e
i nt egr &si d9imethylampo- %vetfvl-ﬂ@rcg@ngb@w egraamineR)ethyrd caeranocht(&MPhe 2-(2-
tCﬁnao a%ﬁnlhd&?ﬂiﬂéﬁﬁlﬂ@}e&h@bl t he zesbproRaachiCdR UG l@(:‘métﬁyl@r}hd? ethahoand npet

e ev a (0}
manuf a tur er ﬁ?hﬂgﬁg B ﬁéllfcn%(fgﬁ{%wlé}ﬁhoé%&gmﬁ%hl S pressi ng nged to
const ar€impthyiamipoleranyBimingldis-2proraael a- based-EWmitdaminpiediargbes not SHEY
appl y tootydneindjetdathol 2-(dikopgrmtandne)ethaudl adeW-(SesminbptopyiireonpbblirehiThg carig-
pl anar ipgadd opMyl félﬁr%?ym Sf@r{h%?mpl% R@ntdiPr Qﬁfﬁgrnb@/ té}ﬁmBhlﬁhﬂschrﬁ ounds _like

t
o oas dtndfyah i B G&, Gt toiing sasmts fret %@i@ﬂgne%sm APRos,
DNA ch|h|cv§r0>rw@mnpsanhesphﬂietqaterlsn godiwellagryl antiatmqaema@ldﬁeadéyaqylaheﬂ as
hi gh prefnstetrmes vy pheypHaRstedNsbRRAIE L8] plyrers suliohalkapblyGbyIaUifate,
opti cal, eﬂ%&géz%?e StHQ%B {"SarFH"BEr‘?zoW%EE%e' Sﬁ}f%émgf& g %q‘e’% sué?P%Q &la tonre

el ectro-con
ci rcui ta§etaEﬁ§’E plyaglateq; '?G@F%QQ@P%?& Qa”'ép‘f?ide%a'@\?%eﬁlﬁhﬂe@s %tpéﬂt?%a?ucc'nates

nonder yatatks, malatesastMEnchiangnetefragegicafcid@ithydearhe §lybar pyranatesicolinpyrobatady s,

solid lgsee aé@%spﬁérﬁurﬁ saﬁ@@ﬁ@bﬁ@sﬁ%ﬁ%tafcﬁfse%e ‘Bérlepbé'&o‘ EHP sl belleved
sem conduct or o

t . Th
vt 500 oI BP0 Saektag oL phsitp s aiTea itk wlvaREET ke os hi gh-
preci sion CVMP process steps. WD 2012/032461PCT/ 1B2011/053884 5 The
Eur opeamep@henéaraptehcaslieatiGiPUs 2R /6BG 104 Al gicbioses axctiaiazed Tt sy

sl usgy § gﬂé 2 b&%{ﬁpc&%bnsﬁ% r‘PH t}ulo‘? Wh'ic?ﬂ? Q@S&Ed Fn%étﬁﬁsél&@é’})&%e% RaAlhg

consSistin el Tulose rvatives,
silica@ 1”@9W§Hfé§'tUt§%PéNr{‘éﬂh¥%F'@F@d @i‘?left%é‘t'tegt'#%‘?%}' apy E‘@HH’@ﬁ?s%ﬁ'%%ted HQF‘Cl um

seconddng gplupsphsisting pif adrdamide, padtlygoepbimitesarahal pba-gapstitutbd gbrivebives tHeseof5
f1 occul gRfetn Iéfﬁ‘éig%rcg!sses §|'n9$y%ﬁ(§6né%r §H<ri&6§/t|a9t% IR a%h%tu%od?él@rﬂﬁ@%nd

phospha |ke y yr ophospha

P Pl PR S RER R, et ntseth QO e CRse CHR| SSthdT b cPERIhg
of 40 asdditionali welesseWbleThelymgsasese qean@ma@pprldeaﬂIkewlgllplczamer B3BiUpOBCIA,

di scl ogaforymethyrRehasss! aghP caitdin, )énll%uﬂ@lﬁﬁfpcﬁ dAbkyWeheitls SatHEE Solgapaesed

phosloh%}cf‘d %%%I@t%nﬁ% %8%2@?%?5%‘ r98|' d 8@95 @Fn%tﬁ&&gh@é&r&eéé ﬁj%hé)&b ¢

acid s Ohat &

ceri ab&@yawd%aepup?'yﬂ%wmdt I@@Mﬁ’maé'cc?& é’io FES\X&”@rC-aéQﬂXleﬂ #Cidhy QQ'MP%"Y“C
sol vent such as net hanol, ethanol, 1-propanol, 2-propanol, 1-butanol,

2- but anol , ethyl ene egcoI, propylene gl ycol and 1,2,3-propanetrio|,

ket ones such as acetone and net hyl et hyl ket one, tetrahydrofurane, N, N 15

d| met hyI for mam de di met hyl sul f oxi de, and 1, 4-di oxane. The ceri a- based CW

at ed



30 the prior art polishing conmpositions. In particular, the novel aqueous
pol i shing conposition, in particular the novel chem cal nechanical

pol i shi ngWwOCMR2)o3eesmposi ti on, especially the novel ceri aPbagBzh1OM3ssi urry,
shoul d exhibit a significantly inproved oxide-to-nitride selectivity and
yield polished wafers having an 35 excgllent gl obal and I ocal planarity as
exenplified by the within-wafer nonuniformty and t

vaf er - BE9MaTBRCHGHTIARF ARG PopaFvaD)id eTH‘é'I/@z'Y ic ‘%%W’@hgl‘ﬂ'rdsﬂég e Vinght | y
sui t ed potymemasutraas yoiywipyl &calna hande polyaasiein. M hpaaetnadmlsed aME3 stirtyhis LsSid to
(Lar geﬁgéb%ldtﬁgll%ﬁ%&ld@r&/e%ol irebn G¥REityar ge- scal e integration), having
structures with dinensions below 50 nm 40 Moreover, the novel aqueous

pol i shing conposition, in particular the novel cheni cal mechani cal

pol i shiThg /(\mmarb@@tpotsamlbaticahase%é@w294 tAledisoloess aegaria-aase CNRBIYHIrry
shoul d coptairiiy ¥ cO@pEAGERAVIRNEMeight-aeérabe infolédigarfay it B0 ite6eQBAY @dnt@InI’rﬁ:}Ji t

devi CeZIiygt%%%l g%%)lél %d éé?bélé;l g%%é o?BPt'h%u%H%L%ﬂ%'fb% YA ?&%WEX gl 21 N

the fi urrn relectri cal devrices su
2012/ 03w Aoy ipies 08%ie8les %am@ﬁeﬁdsew@%ﬂs &9{@?‘ §°”t8'|”5‘§n| gompounds,

electr @Ilujanamss ceethylpasreicsipates] mathose,r glycérobyaéaattsheptoss, oeny&md»mwso -obhdAe,
chi pg. a%tﬁr'idl RhabirRnefd FMBUNGLIHNTRETeridba¥ed CrEs sIUIrQIInan I%?thé:'n%e contain

mechani.cal nd o caI evi ces asses such
s photeTR Wy P R e e
as i ndiTheaeria- t@sed&MIPTs@rry 6pﬁal¢:é9 aphi@\é@aatlr@arca/edugl@bﬂlWnadb/t ofche pQIAIFhQﬂhl ng
el ementwaferept i cal wavegui des, optical nonocrystals such as the end faces of
optical fibers and scintil I ators solid | aser m)nocrystal S, sapphl re
substrates for blue | aser sem conduct or, nonocrystal s ass

subd? r dhemeicangrmetti 8@DH¢8§I9§S us 2Q08/Q0836Pg AT BB 9?’06?4%%%%@%%? a

i nvent iceria-basqa OViPdduray oanteihingrlio@®is® . 0% okeight of ghes ndrsdmiasesacténtfsefected

g?lcIh22p‘ll%gIX?thWeﬁEé)ﬂJj&-?liqul'%ﬁe&@&é &R quﬁ?f)%ﬂ@%bléékeco%! e'?k'l%ﬁﬁ rp%Iy%%r)@Q'%ﬁl'JEt |ngn
5 Acc I RPN SO te e AL BRREA S8 ToLhioH P e gL FTFOR G PR SUCPEPTING he

range oVefpaysigongelectivitis been found, the said aqueous poli shing
conpesition conprising (A) at |east one type of abrasive particles which

are pos|4hte| (aﬁ)r%aﬁ;(%?hmgglgc%gpd% g&e ggrtfcﬂla?n %ﬂ#g%ﬁﬁgpm%%deﬁrc{]ﬁg?Cs% d by

conponent vi d
the el é%‘iLF@BI'?&héir?%S'%mqthQ WW@)'”&‘?'VGI @%@"@)H@héﬁle@w'@ GMBsphat e di spersing
agent; and (C) at |east |east one pol yhydric al cohol conponent sel ected

fromt rl\e?thgfu@FIthgCﬂ)ﬁ'ﬁ)'rsdtrf Beré)Baé&jlmﬂi YJMFIéé Qn%) ¢abol 5 s%ﬁéf@&%l%‘ﬂ okt Hf‘r‘?de

t t
AL e O T e ey e e o S e .%&X%fﬂ%ré%t 4
hydr oxypyghe upthin-wafer awgunibarmiy SBGINLDI and the twederaiguedersnarsaifamity( (W) \aNU),

M Xt Ur enh& e dilct¥@iref difneAdibngbf Iheactaremiescaites,nelpykicdrdr ccalviphgl (Iéﬂjeeﬁia%d

&;?(Trtgﬁ %{ar Q bcfr%%l?\;ér%ga} gé scale |nt%ﬁt|or] n%cetssﬂate tI]e cqn\éﬂgg{ﬁnﬁf}vémé I east 5

hydr ox $et#-baged PMﬁ S'afr@sdﬁtor‘éﬁrstgcﬁﬁdarﬂﬁ%t tf‘ﬁ eﬁ’ﬁ'é'”ﬁﬁﬁ?é@ﬂée?mﬂﬁ% gnd &ﬁﬂ”‘('ﬁ'??b at
| eal0 aeeands of the ohanbfaetoerswa ireegrdiced pacyt ddvicesol yner sel ected from the
group consisting of |inear and branched al kyl ene oxi de honDponners and
copol yners and I| r.anche tic 4 cl oal i hatlc
ol y( MRy PG BresRBRss yrer tamy EBRue e PaolES sofa-Baeg (il fes Fod o
(cl) arl‘ﬂ@t(O@Q/) apply zlme.l_ilﬁtd3qf4mqmatﬁqwgmﬂ_lde$s%4)ur th@rwilﬁamg énd plararizaties
aqueousfeaty B a@owwmpﬁow@@ il herfRiRr dfeshriutacising ®hecasnnsd devbeOEudhes

i nv 5“ II| lr.IlifJ crysltAYg)%ﬁgg rg %le@ﬁgl hr%%g%?@)%nglgr é(lj t?fﬁdl%o%%sh{&gﬁacfnme

rica I Ces con act |ng t substrafe at
I east (E-IN:'%C PEhMi¢e p&%ﬁbd%lofqv@ﬁaﬁfceﬂ'ﬁea”%v@ﬁf‘? hegs: ﬁélW%h?ﬁd“'Qm@reC's'on
subst r atexhanitall dévivesdwsl ogtitapdavieas, tity pagticalzhi eptied|, glhssesbaemh fisophoto-masks,

Her ei nad gtk anﬁhﬁrlsﬂ%v‘ﬂorgérﬁ&%%%trB%E)ncﬂlﬂJtlbé RinRg s84P8E G thobxide airey) Gﬁdcal

?ln\ejgﬁr[ : al ra?ed CIchIrts opélca(IlswﬂéInnsg élgmreﬁts cr)pgtl%al \;[vgve%wdtes optlgalorﬁgnsoscryosftalé such as
40 the end faces of optical fibers and scintillators, solid laser monocrystals, sapphire substrates for
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steps.



10 Last but not |east, the novel use of the conposition of the invention
for manufacturing electrical, nmechanical and optical devices has been
found, wwolole#s24i63 hereinafter referred to as the "usePpofi/IBia1/H3s8®nt i on"”.
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substrates for magnetic disks. WD 2012/ 032461PCT/ 1B2011/ 053884 8
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Nevert heless, the 25 conposition of the invention nmay contain at |east one
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conposi tion of the i nventi on. The pH of the conposition of the invention
is set between 3 and 11, nore preferably, 4 and 11, 35 even nore preferably
between 5 and 11, and, nost preferably between 6 and 11 preferably using
the pH adjusting agents (E) hereinafter described. "Water-soluble" nmeans
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rel evant conponent or ingredient of the conposition of the invention

consi st s w0 20183k4emked nononeri c structural units whi chPootuB20reys38Eve t he
sanme structure or may have structures different fromeach other. 5
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the inventionis at |east one, "preferably one, type of” abrasive particles
(A). 20 The abrasive particles (A) are positively charged when the
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from3 t . The posi.tive charge is evidenced by the el ectrophoretic
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mobility p can be directly nmeasured with instrunents such as Zetasizer Nano
f rom Maguvenhdty okth@é. Inddntibhe average particle size of the abrasive particles
(A) can vary broadly and, therefore, can be adjusted nost advantageously to
t he garti cul ar requirenments of a given conposition and process of the
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during the process of the invention. Mreover, the particle size
distribution of the abrasive Rarti,cl es (A) can be narrow or broad.

PreferdBl y, 2 lf8siria3nionic phosphaiedtisneriing aventa§arrow with only smal |
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reprodyej bl &t RLENEALHNB T8I GicicdHBEcRREGENY Sel®REd irEhaRe §RubAbnaBhERST | Y
repégdu0|ble conditions during the process of the invention. The abrasive
particles (A can have various shapes. Thus, they may be of one or

essenti al | y (ehle tppdydfic sicphels seleetedfrom thexbrappeyssiding affveatet-belubleramsi ve
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differently shap ' | ) r ' :
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regards the shap&8UedsTEediy®s, they can be cubes, cubes with chanfered
edgé8, octahedrons, icosahedrons, nodul es and spheres with or w thout
protrusions gy | ndaRLAL LORwtnyRst preferably, the shape is spherical with
no or only very few protrusions or indentations. This shape, as a rule, is
preferred because it usually increase is the 5 resistance to the nechani cal
forces the abrasi(ed!)pait teiast erne ¢y pelylydsig @nobdl sadedted tiami thg geoupvRNpistitg sk .
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Howover - ost 5 prof PGP A T | F B At Rirened) SUBhaLP Aty or
conddsting of ceria arcgclaglwtatic poly(N-vinylamide) homopolymers and copolymers (c222);

and

(c3)  mixtures of (c1) and (c2).



The abrasive particles (A) which contain ceria can contain m nor anounts of
other rare earth netal oxides. 20 Preferably, the abrasive particles (A
whi ch corweai2nizsediéa are conposite particles (A) conpri siPAE/IB20a 003884
containing or consisting of at | east one other abrasive particul ate
material which is different fromceriay, in particular alunmina, silica
titania, zirconia, zinc oxide, and m xtures thereof. Such conposite

parti crr&e'rﬁ}erathe aY§hAIuerys p@l&%ﬂﬁﬂ eoMpeshipnipreie sy tmeade Aomngsitign pi §re396,
25 US @&nv2BBort69 Bl , US 6,645,265 Bl, K S. Choi et al., Mat. Res. Soc.
Synmp. Proc. Vol. 671 2001 Materi al s Resear ch Soci ety, Mb.8.1 to M. 8. 10,
S.-H 2002) ages 2744t
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8% b %/ ght and, npst preferably 0.01 to 6% by wei ght of the abrasive

par t crAétgarctﬂyes t’fHBeWé(PQ‘I'ﬂ” per cent ages bei ng based on the conpl ete weight of
the conposition of the invention. WO 2012/032461PCT/1B2011/053884 11 The
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water %emtlw)cmwt%mwmdms(osy balow @@ rthamt s salt (NaP03) 40- 50
Cal gonTn( NaP03) 15- 20, Kurrol's salt (NaP03)n with n = about 5000, and
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1000 r efmargufacturing other electrical devices such as Irqurd crystal panels, organic
electroluminescent panels, printed circuit boards, micro machines, DNA chips, micro plants and
35 magnetic heads; as well as high precision mechanical devices and optical devices, in particular,
optical glasses such as photo-masks, lenses and prisms, inorganic electro-conductive films
such as indium tin oxide (ITO), optical integrated circuits, optical switching elements, optical
waveguides, optical monocrystals such as the end faces of optical fibers and scintillators, solid
laser monocrystals, sapphire substrates for blue laser LEDs, semiconductor monocrystals, and

40 glass substrates for magnetic disks.

Most particularly, the composition of the invention was exceptionally well-suited for the use of
the invention .



As the third essentially ingredient, the conposition of the invention
contains at |east one, 35 preferably one, poyhydric al cohol conponent (C).
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Egg; i ;‘ %lxgellé?ﬁﬂ? sh%é; forhﬁé’rﬁ%ﬁa@ﬂuﬁn fl‘@%&ﬂ%é&&b§ m'Y;HrﬁCLPéleIfC%r\ﬁml\ Ys| EIQ etﬁfafé tol
Lot ¢ SRS st Dot shemsb e barles sy s emur deRsons bBma o
xylitolnmand m xtures thereof; the hexitol (cl) is selected fromthe group
conggpsting of galactitol, mannitol, glucitol, allitol, altritol, iditol and
m Xt ur et di Qg [f'e%&r tPE%ff'ﬁ{eqn{gé/ntu he dimer (cl) is selected fromthe group
consi sti1ng it IO cerol, trinethylol propane, erythritol,
threitol and pentaerythritol and m xtures thereof as well as maltitol,

i somal tThelcaatpiositibn ahitherimventioe & drhagueolis c3mpbsitorpMafsanadnisythatt cgdams watst) | s

zglt ect "?r‘}i élrtf%matr @ﬁrﬁfu‘?é'%a@&rn%ssthé '?Igalﬁfsoﬁ\fe'nt andl %‘i&%rsm&%@%ﬁf Néy@ﬁﬂeles@efﬂea

Oct 35 ePpsiiof S e miai ey SaR e R e A e vl bl e pabg) Aovever,
Pr ef er @blyin suble miyerldmaints (hel Jhesirde raticbangaitheragikeous nature of the composition of
1, 2, 3, 4nd mlsmindr oxycycl ohexane, 1,2, 3,4,5- pentahydroxycycl ohexane,
inositols and m xtures thereof. 40 Nbre preferably, the inositol (cl) i S
sel ected fromthe group consistin rrégn- scyllo-, muco-, chiro-, r

all o-, Péﬁfﬁfabé}héh%?%nﬁ’qwgnt%lthea'ﬁ&e OQtCQF‘ StW\%t%'Bfam%;Iﬁ Ofﬁ‘?%ﬁ' & %991954 by
nyo30 nmmugm,l moElprefesablg €0.to 990 72 Mi 24324 616rTToiBRR Dy 3B ABIBrisf weighl v,
the Caralﬁghms@bﬁ‘efét%%)y '9'?) t%ejgeg%eﬂl \‘;VEF&'F& tihe \Qé%HPpQr‘%@ﬁ’taﬁre%rb%lr?H based on the

nnnosaccha cchari pol ysacchari des, desoxy
sugar s SW(@eéWﬁ@hgﬂag‘? gompgﬁl rqf?r&%'l X¢Ni%pnosacchari des (c1). 5 Preferabiy,

t he nonosaccharide (cl) is sel ected fromthe group consisting of allose,
al t r osaghe@HIETABE coMBBsIRGEof the @fentighisaet Bei®eand dnal 10S thoré Prefrab J%cau bAd 11,

|
] 51355 i R L 0P A B 1 Lo
advant A§860¢ PH=adistirga9ents e hssing %Fﬁ?crﬁt’@aw rements of a

"Water-soluble" means that the relevant component or ingredient of the composition of the
invention can be dissolved in the agueous phase on the molecular level.

40
"Water-dispersible" means that the relevant component or ingredient of the composition of the
invention can be dispersed in the aqueous phase and forms a stable emulsion or suspension.



10 gi ven conposition and process of the invention. Preferably, the
conposition of the invention contains the pol yhydric alcohol (cl) in
anount s ovof2om3e410. 005 is to 5% by wei ght, nore preferablip2001/053880 4% by
wei ght, and nost preferably 0.05 to 3% by wei ght, the wei ght percentages
bei ng based on the conplete weight of the conposition of the invention. 15
Preferably, the water-soluble or water-dispersible, aliphatic or

cycl oal P\cﬁ'i’?ét PEdiBeNoIMgars thatihg relgvant P%mBO’F%P()WF%ﬁ'%p’é thengamrgsitiop of the

di ssociiraehton rotdigs adteo Umke cihanonesic ssfuettira durfits omhitth dotr oy fevesthetdsange of
et hyl erguel¥ca mayPhaRYRRRIrdH Hifdtent e ERH &REr 9l ycol , triethylene glycol,
di propyl ene glycol, tripropylene glycol, ethylene propylene gl ycol ,

di et hyl ene propylene gl ycol, ethyl ene dlpropylene gl ycol, glycerol,

1,2, 3- f'@ligwmrasayﬁq!igms%{rﬁ@e,an@rthafé%/ eialeiapt @pap@enaﬁﬁmg@dmnkp the cofmpesitier of
nost  pried givédtlon, corbiBisl 3o ghyieked mohyeenestr@ictaniinitsWitch dh@agabve theesame

concentsfra&tgr ) g&mewgﬁ PRI S ihd) hOSHEATRATIHE O SLIGERS N NIdLaMRn

al so va ore, can vantageou
parti c@liftgrentsy H?P%ﬁents of a given conposition and process of the
i nvention. Preferably t he polyol (c21) is used in anounts of 25 from 0. 05

to 346 b#ol%bgh)tr p&&rﬁét‘ﬁf s Qnak th rdGaRY cHRH &Hetnt oﬂﬂgre@i%% o%@fc%ﬁfpgglﬁorpoﬁ to

3% by cen s . bein i ght of
Che. Lol BoBNEnS OSB! M Aol ke BMeD 5T Uetia UV aRReb SV e
honopolspmerstigctusepdowensr, it isz2is9 p@@l@etf@éﬁ@jstftmﬁﬁtwmtsgq’r@@pleg@ddmmlaébraab of
I i near teodiflerernetgdurethyl eneoxi de and propyl eneoxi de honopol yners and

copol ymers. The et hyl eneoxi de- propyl eneoxi de copol yners (c221) can be
random copol yners, alternating copol ymers or bl ockcopol ynmers cont ai ni ng
poI @th??éﬂ%%%l@@a%1GER?"HHU“@dF%pF%%V@@ﬁé@%PH% 35 blocks. In the

et hyl eneoxi de- propyl eneoxi de bl ockcopol yners (c221), the pol yethyl eneoxi de
bl ocks m@efrere%%m.ah%\g?emro@my ddinddsARAIY b |H@érﬁf&ﬁ¢s bEIbEY oFR! BRRerbbIgBnd0 tO
15. Th i %gropy eneoxi |'ocks may preferably have a HLB val ues of from
28 to ¥éﬁﬁ 32461PCT/182011/053884 14 Preferably, the

wat er - sol ubl e polyners (c221) have a wei ght average nol ecul ar wei ght of

fronp200@ dupasivdpanticRe (Rphicopbsitiviyechir§éEwWhbh Yh@8Persed 108 890eddr! hediuand,
most prv\enf&]r @tﬁle\é froan ’tr%ograpfﬂc %ﬁgqugpe B?%érgﬂpl ?eFW@ %Le%aﬂ%? dgp(lrl%ﬁg %l érﬂ’g\%sabl

(c221)

wat er - @6\ pﬁ*ﬂ%@p@ﬁy & %@@zihepesw&mr%'a svideperd Diaihsrasirophgratig mobility v
appl i cdtume) (VRn)0O6fh240858 vA pacticdé s A). iThewdegttopdtoretic miobhity hesapareadireqttys
[0007] rhesLRRAM indindMIBEUGALL PRb&Ir NIt MaRBr Bt 007/ 0077865 Al

col gn page 1, paragraph [0008] to page 2, paragraph [0010], the Anerlcan
pat ent appllcatlon US 2006/ 0124594 Al, page 3, paragraphs 10 [ 0036] and

[ 0037] Tamdveragerasticie aize phthenabrappe ioeréiclieeM@mwsbm@&eam,ﬂhe,repmge:a&be
par agr apnsté bk} atj@alit@gé&lsli/ o EaNpariieliia@Reditdmémte oflaaigVed dcddfipdshiey @ice

sold u Lr. j t T

Cor por ,?(I?({)eﬁg %?Qeéﬁ\ge?ﬂrg ﬁre%r%lgnt'hgggid{ﬁ p[e?tﬂflec I% g@%g%%ﬁ{e%cﬂy 4\9 Ewggr

Cor por dghisisatiging is i EefrroerelFasmil darrd 6@kp@$péwyﬁép1@99ﬂﬁbﬂ5ﬁ?§“ﬁQ@§@1 or
t he3@meo V's@randatmesitpreferab06/t0B308WB0 Al . 15 Mdst preferably, polyethylene
glycol (PEG is used as the polyner (c221). The conposition of the

i nvention can mari.se t p 1 n_conbi nati on tht

ol y hydPRcPaeBrire BBIPURRP 150 SRr 30 Rarides uhrsalt bomepprichel mgiaror
(c221) muitlmh@achmﬁereblm the neiticl¢isize rdistribuinn isamoncmgdad i argiey tcah@\/e taheaelfyor e,
can be r@&a@@@@ie Rsher ﬂrtea@aaels‘abyasm pAYEcIRBIA] St Basilya@piddRirRIN Soriitidhs

giv i nOf the invention. Preferably, the polymer
(02§§I ;agnpuggjl |r§&a3§g)un Tom 0.005 to 5% by weight, preferably 0.01 to

4% by wei ght, and nost preferably 25 0.05 to 3% by weight, the weight
per centMgesvdrethegoarce dizendisthibuitmnpl tae abvasighpartitlet I(&) campe siatroanordfrobtie
I nvent ifpgrerdiye ke @Qhéde szB &M RBATY FarfRFwid 6h|9%h1a%%d&mté\bf\§n€b§ﬂ'@a%&& and

| ock t h
e st At clksd Sl In e & A PR GTer P B Rigpehanisr ] fad BB Ngariles
copdf y iy @nd ezsiipjepredusitietesiitons Hutng teereresa pf ensiestiomg of
N-vi ny|T&h@Qib@é@|¢eEpaMIe@)(APMérﬂ RAVelenfoushepey | Trks efhely a6dyalsé of one or essentially

N- Y;/?Kll- &?ﬁg;ﬁe %F%@Be Fo é@élr SI'Y'%‘ZS ﬂ)(?e m‘i tﬂ% ébws?\?e M‘r‘? %@f(Aﬂ;?% |fferentd

f rom 35heRRst Hhﬁ?'?c‘é{ﬁrd W‘hgﬂ%s of differen hFW‘%pqgr%’&%%YeaP%C'%@d‘B%b%PF?éPmt 'Rah
the N-vinylamdes, as for exanple, vinyl esters and ethers, acrylic and
nmet hacrylic esters, allylic esters and ethers, olefins whi ch may be
substituted by hal ogen atons or nitrile groups, and styrenic nononers,
provi ded that such nononeric units are only contained in such anmounts that

~ O~ £ 11



15 The conposition of the invention can also conprise the polynmer (c222) in
conbi nation with the pol yhydric al cohol (cl) only. Likew se, the

concent r avpan120f3246he pol yner (c222) in the conposition ®CTUR®1I/03888% | on can
vary 5 broadly and, therefore, can be adapted nost advantageously to the
particular requirenents of a given cong sition and process of the

i nvention. Preferably, the polyner ? is used in amounts of from Q. 005
to 5% W%‘F%‘Pﬁos't'ﬁpé?fethﬁb'l“ﬂﬁ”ﬁorﬂ)lAﬁ @W/@%V‘%’“% themaelMess tthey é?'érbﬁbﬂbeé 05
to 3% kybeewihtchamfseededgss! optehednts jesabedrogs, redelds andtshberes vithedrevitheught
of the p‘F&FU%Qﬁ]'sterHdé?TtatHﬂ‘é MEBWPFe'fe%‘bI 11‘Pie|§?1af)8‘?s% RER3I WtRhoPbr &M very few

|nvent|o o) ric a

vary bPEatepr da e rBYarg n ShanBue o i s Breifid beroids b BNy C{r%s(e e
par t § cui¢sistanegyig the menhanigal far@ﬁ\i%ab@w@wﬂim @h@r@e&mgﬁ tefit quiwg a CMP

i nvent ippgvesEr ef erably, the weight ratio (cl):(c2) is in the range of from
100:1 to 1:100. Moreover, in the corrp05|t| on of the invention, also weight
rati o of poyhydric al cohol ché pol ymer (c221) or (c222) can vary

br oadl y" BAREIPIEHAWLYRS @ abgagiveyear ﬁ%@é&aﬁ%tus%lvhtﬁ? &£§®B0s9N pighe Hention as
parti cudray as theypossesstise alfova dgsorinedquopoty grofie. Bnd, theabessiveofartidies (A) may

I nvegt 'b%rbrgg)ﬁlgt)ﬁfn%%a\ﬁ’lc %_Qrﬁcl\é@'OQBFgahﬁetthrg(aﬁl%%y})ﬂ& Bg%@esopre(‘&rgg@) theSibkdEivde

range o 31% 8 i he conposition of the inventionh can
opt i oneﬂarweé f 3redn%{93n'88§ '®§fe functional component (D) which is
materially different fromthe ingredients (A), (B) and (O.

Prefer albenm;blheal’ﬁyJ%é iop drgdrmTrasing paRlcldsSAF ehie bt @ded Irdtietddtp@EiivR o@fhe

CO”DOU“ %té%*?orn:?' ds ﬁ?egx“%?é’ses@ th'd b%vBaﬁgélngé\éD \P%;%r(y'PE%ﬂl WA@? 91 sfuch

ounds

?ré’é@f@rrﬁb a|”°59?@'°§ﬂr?%ves?ad¥‘éei@% tCQPté"”'@ meS'Wf@?B@a(ez , Hyun Goo
Kang et al. in Journal of Material Research, volune 22, No. 3, 2007 pages
777 to ?1%7abra%|vé<bért‘tlglres "(‘A) whl'ah‘1:9Hfa”h”‘!:er:r")epcéﬂc c&% h%lqolaﬁ'rqohﬁt%‘%ﬁ‘foﬁfé‘? r§fé‘ EIHIE
319 (200 %I E(%g V. Babu et al. in Electrochem cal and
Sol i d- StGE'@X ters 7 (12) 6327 G330 (2004), Jae-Dong Lee et al. in
Journal of the El ectrochem cal Society, 149 (8) (A77-(481, 2002, the

Amep( c FrefeaibBN tife AbvaSivd 88880 (A)Whiéh céHiZin céfd ard Sorfipckdad paritlesR) @on@;ﬂr&l@o5

o 626 36%05‘%26%%@ U5 SRt 0 B i WoBuslinais i

6 627. Hifferesy fropssesiagingasticylasaluming siliga fitantey Zm@'aasztq%@eAﬁwi midyres eserf-
applications US 2002/ 0034875 Al, US 2006/0144824 Al, US 2006/0207188 Al, US
2006/ 0168 ﬁ%émgi né&m%@@( QQFJ@%ﬂor e9§n8%01¥6f9Wé12%5/6656éé5A?Q9§é%813564 A

A0 N Bt US AP SRR L SR o B e R SBE ST nbiche VB B
conS| st20Ag Mﬁfterdﬂigaﬁs@arch RocighnMS.&hdo Mas.il g, Driddrtiecetialod gates. Bes.a¥bvér,
par ti cines 1be0g2)dphderrEmy t6 poag, A gingar étik! esurfdDof tHeeeI8dtithemitavsodetq, 15oner

critic {s é?‘l%@g{ﬁ (E@éﬂgekaﬁd‘rﬁuhﬁﬁf R/fat@rfél&ﬁ??éar‘éﬁ'\%lc% r@ﬁ'%t Ribber 2003,

t enper ure i Z1 ng

agent s Mg BRPORICOOVE20787 U@ig@ﬁqtmﬁmﬁe@mr@s%m Sl%'dt:?ﬁé'ledtqttﬁbs ddéfk s,
frid0i G818gednss(2084)abi | i zi ng agents, rheol ogy agents, surfactants,

bi oci des, netal cations, and organic sol vents. Sui table or gani c abr asi ve
parti cl heir effectiv unts are known

A R TR A AL T S X S ¢°&é@%p%¥w%§r08mpaﬁ'ﬂg a

[ 0054] cere sqalgmeplh‘éom e oreun eonsistmepdfi @emingn siice 20t 02incop®a, Ainc qkide.eing
solid pakfures thsreopMeth s tdte sife orEt@n20€0a0d rifehdBtdie tleedreas cyeRdsutNcam

acetog gn% q‘%"mge pa ggl ;Q@mﬂj cyandi am de are disclosed. 10 Suitable

i norga ra5| their effective anounts are known, for
exanpl e, from the inter natl onal patent application WO 2005/014753 Al, page
12, |iAése dmountd®f die bbasAmepdrticas pa) esdd i0Shé ,co6BosBion afdheimvefioh icae valy t o

col um bfoadly &R, §rereforeddhh BE |a@1u§ﬁé}a rhékt %H%ﬂé&go‘u@@r’t&ﬁ@ éérl?&ﬂa?‘%d’lﬁreﬁ%rn'fé &les

D d.th f
R R R Y o A U e

or ©% 2o0RGILEGDD M % hyayeiolt, muse apfarshy 00419 8t’/©b3pwg®h6anq)an@ﬁjrpa®‘hrably
[ 0087] .. (ﬁumt@blbg vty ok tHQatResing @a(t.labesqnpl thd@eighepéreshtayes BEMY BhSePb® the

known, C{) Ie(?é(@r hFOft%%gﬁ]b&%ﬁb%%?o ent application EP 1 036 836 Al,

page 8, p ragra fom 20 the American patents US
6, 068, 787, colum 4, line 40 to colum 7, line 45 or US 7, 300, 601 B2,

colum 4, lines 18 to 34. Preferably, organi c and inorgani c peroxides, nore
preferably inorganic peroxides, are used. In particular, hydrogen peroxide
i s used. Sui t abl e passivating agents (D) and their effective anounts are

known, for exanple, fromthe 25 Anerican patent US 7,300,601 B2, colum 3,



Sui tabl e rheol ogy agents (D) and their effective anmounts are known, for
exanpl e, fromthe Anmerican patent application US 2008/ 0254628 Al, page 5,
par agr aptwpQoe3i32460 page 6, paragraph [0069]. WO PCT/IB2011/053884

2012/ 032461PCT/ 1B2011/ 053884 17 Suitable surfactants (D) and their
effective amounts are known, for exanpl fromthe international patent
application WO 2005/014753 Al, page 8, |ne 23, to page 10, line 17 or from
t he Aﬁppcwwt@ﬁtoﬂﬁe?mm'oéo@” ns ébleash 08¢, Preferally e AniRRie ghosnhate s.

5 Sui t aldpergid 3uent B)tasrtbd adacandmaérlﬁ)al iapediehei r ef fective anounts are known,
for exanple, fromthe Eur opean patent application EP 1 036 836 Al, page 8,

h 7 007
par 20" k90 S LRoRESRaseRT LS R Ao iy sl PR R RS
Aner  c araterzaokiie emdengBiipeseh@des. coluim 7, lines 32 to 48 or the American
patent appli cati on US 2008/ 0254628 Al, page 5, paragraph [0059]. Sui tabI e
mat er| %x%{nl( s P&FQYJ?%F écﬂ@tt)l% Joﬂ%ﬁse%f bW'atesso(Bgter”sabtg”Puepéhu'dﬂlgr 'a@ﬁfo

upper cCri

arti cl Sogimendypatassiym S?'&%aggme'ﬂph‘ﬁ’ hrigsf thergeneral iawIa lcont r ol | ed synt heS| s

of thernoresponsive polymers derived fromL-proline via RAFT

pol ymer[Mz?i@gr] jjp Chem cal Conmuni cation, 2005, 4872-4874; or in the

article of D. Schmaljohann, Thernmp- and pH-responsive pol ymers and drug

delivery, Advanced Drug Delivery Reviews, volunme 58 (2006), 1655-1670 or in

t he An@ndealyppesrbatesab Pl gaeral fiymuls lbaudilo198328 A, US 2004/ 0209095 Al, US

2004/ 0217009 A, US 2006/0141254 A, US 20 2007/0029198 Al, US 2007/0289875
US,@OIQQ%SO%Q% 0 Al, US 2008/0050435 Al or US 2009/0013609 Al, the

Amerl can ents'US 5,057,560, US 5,788,82 and Us6, 682,642 B2, the

i nt & nat i onaI pat ent applications WO 01/60926 A, W2004/ 029160 A, WD

2004/ 032HRM:AL, (WD 2006/ 093242 A2 or WD 2007/012763 Al, in the European

patent applications EP 0 583 814 A, EP 1 197 587 Bl and EP 1 942 179 A,

or the r man, pat ent pI| atio 26 10 I.n,pringi known
char ge W EVES 4B BryBoidhce %JEFBEBF[’EP?“ 2 e s rvif Bl 2 B0, Bpbaiiitey
Pr ef er 4 polyphesnhatasge fpemdasal Il et thB)index 8és proferablyriam tthie 3PeQgmore
congg starétgrabty ISR 36D, nWst g&n‘erralbg fedel 200l 50TRaHEURRITINN d30 CIBNTRIcRb Mgt

| east ﬁlgmgm c group 30 selected fromthe group consisting of

car boxyla sul fonate, sulfate and phosphonate groups. Suitable biocides
(D) can be selected fromthe group consisting of water-soluble or

wat er - dixappiesi fbt partiedaths suitableedatdr-aalebielrondensaddgssphate bl (B hydr @rapach'sagani um

oxi de 3Rhpes),:30 daﬁ d?ttﬂ(%%"ﬂio Zt'g heKtmetéaﬁmatpegmmmﬁmado@ 560 2R8 aFRRSRiMed

in ry era tota amount of (D) Is not nore than 10
ég( S\RH%% W‘P@%ﬂ%%s Béktﬁ@ Yft"), nore preferably not more than 2

. % nost preferably not nore than O. 5 wt.% particularly not nore than

0 1 W THe GarcenaintoMDie \m@ree-sbtm@e QnQ)hchtph%/Sptb&SQﬁswﬁsm@%ge@t a(BFwai gy of

the coryr n | anpu ( S
at Ieastﬁ®888€q & ﬂ}ép ri\%’ﬁﬂ&? F QF abbé Arféé F %68 go?an lgg/ Qériﬁ)gt PPOS{
prefer aﬁwntasequee{sto eoB@“'Wt”ab/J e%‘é[?t‘tet?ﬁl afr Pygiyen IC@H@PS'UO@E?”W Progegsopf the
exafpl énventibre &3éfethbly, e dbiotiapbdsphatd dispdreinglagestis B} isafset ireamoumte Sp dimatiang

COMPOSifdight rat¥Br BAHZNOBAENOTRESFRRL URATRY HRnTI SOMDASZODOT RS, rhéie
inventio B( ?8% &&Hg %:ont ain at least one pH adjusting agent or

buf f er i er{i‘g h QE? CeW'S s materially different fromthe ingredients (A),
(B) and (C). Suitable pH adjusting agents or buffering agents (E) and their
ef f ect incethampirgt sssangallynaydichgrthd examelien dfr e ihnhtibhrpeas BaleRt one,

apphkkc agraphs [0080], [0085] and [0086],
heh%Sn érﬂ%%tbﬁg)naf 8%§ﬁ$ar§%%||@§@ ?rgen”t@ 2005/ 014753 Al, page 12, lines 19

to 24, the Anmerican patent application US 2008/ 0254628 Al, page 6,

par agr dpk pfoQby&jc acotoheompaarent &0) ipadlected BBMARS9RUPEDNB&tingcafl uMm 5, |ines 33
to 63. Exanpl es for pH— adj usti ng agents or buffering agents (E) are

pot assi,um hyd roxi de, tetranethyl ni u r oxi
CThiey (T ¢ PRl oI G eaTPet dr it e braub A TR B s P Bt o
or BOfferi n@llwgemle(E)efarabiyM@t@cﬁ@ttmlmeajlphatwamq/py@oetham snorRnedrisy, dishsric t he
total armuntanafon?&heha pBRbIsTRYvEhd MtaBastQ, WeflhabD4t0e PEE S host PRdferablEat han

L R A

of the corr d¥HFMACHY MO Eonposi tion. Preferably, the total anount of (E)
is at least 0.001 w.% nore preferably at least 0.01 w.% nost preferably
at least 0.05 w.% particularly at least 0.1 w.% for exanple at |east
0.5 wt.% based on the total weight of the corresponding conposition. 20
The pr epar at| on of the corrp05| t| on of the |nvent| on does not exh| b|t ~any



30 The conmpositions of the invention are excellently suited for the process
of the invention. In the process of the invention, a substrate for

el ectri cawp 2020321 cal and optical devices, in particul CT/IB2aC0338%al

devi ces, nost preferably, integrated circuit devices, is contacted at |east
once with a conposition of the inventi g@ and polished, in particular,

chem cally and 35 nechanically polished, until the desired planarity is
achi evdeR) TREMBHGR EXBIAIOhe i nvention exhibits its particul ar advant ages
in the CWP of silicon sem conductor wafers having isolating | ayers

consi sting gf21howtkieQ&t Bhé T Brdi@bly 8hé,| pERNFIcAGICERbIEEEBERJaREMS Hd GPdup
nitride | ayers as St'OtPr@ ng or barlrg)ler Icgyerts.dAO Sﬁlet ablf Itﬂw-k .

ul tra-1owk mat erPEFE G @7 Y PLEEC e PR ILGHIISPEBRIS Nl nWRIPLE?HYe:

di el &ctric | ayer gliphaticrnsiceyicipadphatic gadyolehayvipg et leahie2, Mreher adn 2patdehydroxy
applications US 2065s0tb76d5R0l8bule Phg&add hpaibrg badips AddBEhlg tiesd&iAElin tHdS

2005/ 0014667 Al , agraph [0003], US WD
2012/ 032461PCT/ 1§§@%%B§@@i" R D005/ 0266683 A, page 1, paragraph [0003]
and page 2, (p%adt K9at 950 prgferapPlY 952 0Bisr§918blexy water-dizneszipla pprsfareiy Wptaro

[ 0026] or in the sAlublel, qaiynpat sxidctédS fron2 By §8dupBRonsiddihngnof lineak iamesbré@ctied 54

or iy the EuropegfkyRAk&XidedRPhdSRIMAE aRf cbpaiPBel@o2: aR@ifest anbdrhagh
[0031]. 5 The progeést. of the i ﬁlé/{ﬁnttl on .Ba]rtl.c%g Har Ioé fUI ted for tlhe
shal | ow trench i S8PATYCHY EHP" ’f‘b%p%dﬁéY' ¥amiqed hoB|oReYMALS PRAGORYIYIGPTS
silicon dioxide d¢%&2);gindi con nitride on a patterned wafer substrate. In
this process, etched trenches are overfilled with the dielectric material,
e.g., Sidic i Qxi-de; i is polished using the silicon nitride barrier
film az&%)he%s])t(tg':oe%i)gﬁg(ﬁl)gﬁ@r((fcﬂl n this 10 preferred enbodi nent, the process of
thel?nvention ends with cleari ng the silicon dioxide fromthe barrier film
whi | e riNaot dissociadlel’ heeans it dhe dibsaigiios ednstaht foothenedatiod &R-Gifid- tR-On¢ i+ if tHecon
oxi de. nlliesy oldip iRliRGRFaCiaUe08s bRAEI LaY wm,%rt;ﬁa&faagaury@s-egpv-inméuvzéﬁo.
selectivity greater than 50, preferably greater than 75 and nost preferably
greater than 100. 15 The process of the invention exhibits no
part i ciireferablyesheyneyhyaric laeobal (cilkig sslacted framithe gprupceensisting el penteertitghment
C_utSEO l”%ﬂdiﬂo}’s, 4gErols Odarbbtey ded@®s i dhd hrt:mér@ta;ridc _aﬁgcfnﬁbrgquswéetcea?cﬂmftﬁylo%@hé,
Wi [ the art, a typical equipnen or e
consi s sntc?%R/gﬁﬁcc))lt %fjémngg)g@? g%'a'{nowg\i\hi ch is covered with a polishing pad. The
wafer is nounted on a carrier or chuck with its upper side down facing the
pol i shiPngfepztl,, tHd1elditalr (cil eis secteadefsor tige gailp rconsistitpeofitetritaeniamtitgha diekitas,
This paghiitbldl &g 8@ genment of polishing and hol ding device is also known
as e hard-platen design. The carrier may retain a carrier pad which lies
bet ween the retaining surface of the carrier and 25 the surface of the
waf er Whdretpréferatdy, theitetgtoh (i) sheelectFilifronparytividel, Hpeiteltandanixtures dtereer; ther
th he wafpentitoBed19Vis teeect@d froRr thetdrbup abgﬁétircy;c en@emitdl, aibasl, gl aad f@rﬂﬂﬁfésl l'y
ori zo Y +DOSL I - r a - -
vat er  ThRAY URPREHIERA) (£ EL Rl Ty BHp BRERERY BLodholifl MPF(S: gléfo.
duri ng ¥R Prishdditc) apd arixtyies g0t Duri ng the CVMP process of the invention,
t he3@onposition of the invention is applied onto the polishing pad as a

conti NyRLR iy, BRE el [L1NiQRMRFed AR BR: grBAb Roh&iStiSGbf tHY difdls bhgIyREAN en

per pondBE KR sRP L HEOI el ang RERBopr A oo ST SR BErRhLuPT Pamalilr
may r ensomelt [actidl and pixtires thereadl ative to the rotating platen or may
oscillate horizontally relative to the platen. The direction of rotation of
th ' i,cal |. ' [ St h

ol aden, MhELPrERRUAR lome 13 sBREIBREG? RRdrbdh odrishig o ATo s, ErR- Rl e
gener alepta-t daghnaNGr. ARtBss §87§93y andeflodacagiyeerel eftmeiayloleeopang -qfghritol, -
2012/ 03ébdl REH/-ABR0drthOB 88N mBAures thefenft her details reference is nade to
the 1 NieEmAloNAk BRHBAL (PR Cibaly Yoh? A0/ ACEER abycldbiiRRAd b4 page

]} i6’guPgrp%ﬂ{a%%]roLy(l)c(glglo]we%a%e?%ggto}sigéndp AhdHed {?1%409940] 'n-conjunction wth the
40
More preferably, the inositol (¢c1) is selected from the group consisting of myo-, scyllo-, muco-,
chiro-, neo-, allo-, epi- and cis-inositol and mixtures thereof. Most preferably, myo-inositol (c1) is

used.



5 By way of the process of the invention sem conductor wafers with ICs
conprising patterned lowk and ultra-lowk material |ayers, in particular
silicon dvoxnban3bsyers, having an excellent planarity ca&aoThB20bbzssswed.
Ther ef ore, copper danmascene patterns can be obtained which al so have an
excel I ent planarity and, in the finished, 1C an excellent electrical
functionality. 10 Exanpl es and Conparative Experinents Conparative
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pol i shipggicGRAMASIIsh&HariGds (9).C6, ceria (average particle size d50 120 to
140 nm as determ ned by dynam c |l aser light scattering), sodium

hexamet aphosphate (PP; weight ratio of ceria to PP = 200, hereinafter
desi gndtrelgraidy.rpo omnogeselaride 4¢1)ds selectedt feorpithe-goIQ, coneisting af elkaser altrepe ed

to as RBRRGSY, ndHhob®A8bdel haldbiose 2R thicseeisRticlardaskyed in ultrapure
wat er. The anounts used are conpiled in the Table 1. Table 1:The

Conmposi_tions of the Conparative Aqueous Polishing Conpositions C to C6
Conposi teSRNsRNtration; ol g BYly el rigrtcabobiip IpthssempeRiian of1thedmenilen §Ab Ve d
0.5 - -breadly &R, Ehebefore, can 6e ndSBa@vahageously adapted to the particular requirements of a
10 given composition and process of the invention. Preferably, the composition of the invention
contains the polyhydric alcohol (¢1) in amounts of from to 0.005 is to 5% by weight, more
preferably 0.01 to 4% by weight, and most preferably 0.05 to 3% by weight, the weight

percentages being based on the complete weight of the composition of the invention.

15 Preferably, the water-soluble or water-dispersible, aliphatic or cycloaliphatic polyol (c21) having
2 to 3 hydroxy groups that are not dissociable in the aqueous medium is selected from the
group consisting of ethylene glycol, propylene glycol, diethylene glycol, triethylene glycol,
dipropylene glycol, tripropylene glycol, ethylene propylene glycol, diethylene propylene glycol,
ethylene dipropylene glycol, glycerol, 1,2,3-trihydroxy-n-butane, trimethylolpropane, and

20 mixtures thereof, most preferably, ethylene glycol, glycerol and mixtures thereof.

The concentration of the polyol (¢21) in the composition of the invention can also vary broadly
and, therefore, can be adapted most advantageously to the particular requirements of a given
composition and process of the invention. Preferably, the polyol (¢21) is used in amounts of

25 from 0.05 to 5% by weight, preferably 0.1 to 4% by weight, and most preferably 0.5 to 3% by
weight, the weight percentages being based on the complete weight of the composition of the
invention.

Preferably, the alkylene oxide homopolymer or copolymer (¢c221) is selected from the group
30 consisting of linear and branched ethyleneoxide and propyleneoxide homopolymers and
copolymers.

The ethyleneoxide-propyleneoxide copolymers (¢221) can be random copolymers, alternating
copolymers or blockcopolymers containing polyethyleneoxide blocks and polypropyleneoxide
35 blocks. In the ethyleneoxide-propyleneoxide blockcopolymers (c221), the polyethyleneoxide
blocks preferably have hydrophile-lipophile-balance (HLB) values from 10 to 15. The
polypropyleneoxide blocks may preferably have a HLB values of from 28 to about 32.

Preferably, the alkylene oxide homopolymers (c221) are ethyleneoxide polymers, such as
40 polyethylene glycol (PEG).



--5C¢4015- -15C60.125- - - 5C6 0.125 - + - 6 25 Exanmples 1 toll
The Preparation of the Aqueous Polishing Conpositions 1 to 11 For the

pr epar at iwo 20f2/3bs1aqueous pol i shing conpositions 1 to PCT/IBBEMI/ES38&NEr age
particle size d50120 to 140 nm as determ ned by dynam c | aser |ight
scattering), sodium hexametaphosphate 3§ (PP wei ght ratio of ceri a to PP =
200, hereinafter designated as PP200; weig ratio ceria to PP =

her ei nair¢ferabie g Y"é@rﬁﬁ'uﬁ@ AOBEERTS (&ed) hﬁ&?wgméw@aa?%%% V&ﬁ‘grﬂloéé@mled
i n ul t 2apdite1,860,600 Dalen,anwa prefetablydb080 ¢o 600PO0 Bdltomaridyencbaptegerably, AMIDOO
2012/ 032463.66d bhR#P11/ 053884 21 Tabl e 2: The Conpositions of the Aqueous
Pol i shing Conpositions 1 to 11 Conposition

5 The water-soluble polymers (c221) are customary and known, commercially available materials.
Suitable water-soluble polymers (c22) are described in the Japanese patent application JP
2001-240850 A, claim 2 in conjunction with the paragraphs [0007] to [0014], the American
patent application US 2007/0077865 A1, column page 1, paragraph [0008] to page 2,
paragraph [0010], the American patent application US 2006/0124594 A1, page 3, paragraphs

10 [0036] and [0037] and the American patent application US 2008/0124913 A1, page 3,
paragraphs [0031] to [0033] in conjunction with the claim 14 or they are sold under the
trademarks Pluronic™, Tetronic™ and Basensol™ by BASF Corporation and BASF SE as
evidenced by the company brochure of BASF Corporation "Pluronic™ & Tetronic™ Block
Copolymer Surfactants, 1996" or the American patent US 2006/0213780 A1.

15
Most preferably, polyethylene glycol (PEG) is used as the polymer (¢c221).

The composition of the invention can also comprise the polymer (c221) in combination with the
polyhydric alcohol (¢1) only.
20
Also the concentration of the polymer (¢c221) in the composition of the invention can vary
broadly and, therefore, can be adapted most advantageously to the particular requirements of a
given composition and process of the invention. Preferably, the polymer (¢c22) is used in
amounts of from 0.005 to 5% by weight, preferably 0.01 to 4% by weight, and most preferably
25 0.05to 3% by weight, the weight percentages being based on the complete weight of the
composition of the invention.

Preferably, the aliphatic and cycloaliphatic N-vinylamide monomers, which are the building
blocks of the linear and branched, aliphatic and cycloaliphatic poly(N-vinylamide) homopolymers

30 and copolymers (c222), are selected from the group consisting of N-vinylacetamide, N-
vinylpyrrolidone, N-vinylvalerolactam, N-vinylcaprolactam, N-vinylsuccinimide and mixtures
thereof.

The poly(N-vinylamide) copolymers (¢c222) may contain monomeric units derived from
35 customary and known olefinically unsaturated monomers other than the N-vinylamides, as for
example, vinyl esters and ethers, acrylic and methacrylic esters, allylic esters and ethers, olefins
which may be substituted by halogen atoms or nitrile groups, and styrenic monomers, provided
that such monomeric units are only contained in such amounts that the water-solubility is not
jeopardized.
40
Preferably, the water-soluble polymers (c222) have a weight average molecular weight of from
2000 to 1,000,000 Dalton, more preferably 5000 to 500,000 Dalton and, most preferably, 10,000
to 250,000 Dalton.
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The composition of the invention can also comprise the polymer (c222) in combination with the
polyhydric alcohol (c1) only.

Likewise, the concentration of the polymer (c222) in the composition of the invention can vary
broadly and, therefore, can be adapted most advantageously to the particular requirements of a
given composition and process of the invention. Preferably, the polymer (¢c22) is used in
amounts of from 0.005 to 5% by weight, preferably 0.01 to 4% by weight, and most preferably
0.05 to 3% by weight, the weight percentages being based on the complete weight of the
composition of the invention.

In the composition of the invention, also weight ratio of poyhydric alcohol (c1) to mixture (c2)
can vary broadly and, therefore, can be adapted most advantageously to the particular
requirements of a given composition and process of the invention. Preferably, the weight ratio
(c1):(c2) is in the range of from 100:1 to 1:100.

Moreover, in the composition of the invention, also weight ratio of poyhydric alcohol (c21) to
polymer (c221) or (¢222) can vary broadly and, therefore, can be adapted most advantageously
to the particular requirements of a given composition and process of the invention. Preferably,
the weight ratio (¢c21):(c221) or (c222) is in the range of from 100:1 to 1:100.

The composition of the invention can optionally contain at least one functional component (D)
which is materially different from the ingredients (A), (B) and (C).

Preferably, the functional component (D) is selected from the group of compounds customarily
used in ceria-based CMP slurries.

Examples of such compounds (D) are disclosed in, for example, by Y. N. Prasad et al. in
Electrochemical and Solid-State Letters, 9 (12) G337-G339 (2006), Hyun-Goo Kang et al. in
Journal of Material Research, volume 22, No. 3, 2007, pages 777 to 787, S. Kim et al. in Journal
of Colloid and Interface Science, 319 (2008), pages 48 to 52, S. V. Babu et al. in
Electrochemical and Solid-State Letters, 7 (12) G327-G330 (2004), Jae-Dong Lee et al. in
Journal of the Electrochemical Society, 149 (8) G477-G481, 2002, the American patents US
5,738,800, US 6, 042, 741, US 6,132,637, US 6,218,305 B, US 5,759,917, US 6,689,692 B1,
US 6,984,588 B2, US 6,299,659 B1, US 6,626,968 B2, US 6,436,835, B1 US 6,491,843 B1, US
6,544,892 B2, US 6,627,107 B2, US 6,616,514 B1, and US 7,071,105 B2, the American patent
applications US 2002/0034875 A1, US 2006/0144824 A1, US 2006/0207188 A1, US
2006/0216935 A1, US 2007/0077865 A1, US 2007/0175104 A1, US 2007/0191244 A1 and US
2007/0218811 A1, and the Japanese patent application JP 2005-336400 A.

Moreover, the functional component (D) is selected from the group consisting of organic,
inorganic and hybrid organic-inorganic abrasive particles being different from the particles (D),
materials having a lower critical solution temperature LCST or an upper critical solution
temperature UCST, oxidizing agents, passivating agents, charge reversal agents, complexing or

1
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chelating agents, frictive agents, stabilizing agents, rheology agents, surfactants, biocides,
metal cations, and organic solvents.

Suitable organic abrasive particles (D) and their effective amounts are known, for example, from

5 the American patent application US 2008/0254628 A1, page 4, paragraph [0054] or from
the international application WO 2005/014753 A1, wherein solid particles consisting of
melamine and melamine derivatives such as acetoguanamine, benzoguanamine and
dicyandiamide are disclosed.

10 Suitable inorganic abrasive particles (D) and their effective amounts are known, for example,
from the international patent application WO 2005/014753 A1, page 12, lines 1 to 8 or the
American patent US 6,068,787, column 6, line 41 to column 7, line 65.

Suitable hybrid organic-inorganic abrasive particles (D) and their effective amounts are known,
15 for example, from the American patent applications US 2008/0254628 A1, page 4, paragraph
[0054] or US 2009/0013609 A1, page 3, paragraph [0047] to page 6, paragraph [0087].

Suitable oxidizing agents (D) and their effective amounts are known, for example, from the
European patent application EP 1 036 836 A1, page 8, paragraphs [0074] and [0075] or from

20 the American patents US 6,068,787, column 4, line 40 to column 7, line 45 or US 7,300,601 B2,
column 4, lines 18 to 34. Preferably, organic and inorganic peroxides, more preferably inorganic
peroxides, are used. In particular, hydrogen peroxide is used.

Suitable passivating agents (D) and their effective amounts are known, for example, from the
25 American patent US 7,300,601 B2, column 3, line 59 to column 4, line 9 or from the American
patent application US 2008/0254628 A1, the paragraph [0058] bridging the pages 4 and 5.

Suitable complexing or chelating agents (D), which are sometimes also designated as frictive
agents (cf. the American patent application US 2008/0254628 A1, page 5, paragraph [0061]) or

30 etching agents or etchants (cf. the American patent application US 2008/0254628 A1, page 4,
paragrap [0054]), and their effective amounts are known, for example, from the American patent
US 7,300,601 B2, column 4, lines with 35 to 48. The amino acids, in particular glycine, and,
moreover, dicyandiamide and triazines containing at least one, preferably two and, more
preferably, three primary amino groups such as melamine and water-soluble guanamines,

35 particularly melamine, formoguanamine, acetoguanamine and 2,4-diamino-6-ethyl-1,3,5-
triazine, are most particularly preferably used.

Suitable stabilizing agents (D) and their effective amounts are known, for example, from the
American patent US 6,068,787, column 8, lines 4 to 56.

40
Suitable rheology agents (D) and their effective amounts are known, for example, from the
American patent application US 2008/0254628 A1, page 5, paragraph [0065] to page 6,
paragraph [0069].
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European patent application EP 1 036 836 A1, page 8, paragraph [0076] to page 9, paragraph
[0078].

Suitable organic solvents (D) and their effective amounts are known, for example, from the
10 American patent US 7,361,603 B2, column 7, lines 32 to 48 or the American patent application
US 2008/0254628 A1, page 5, paragraph [0059].

Suitable materials (D) exhibiting a lower critical solution temperature LCST or an upper critical
solution temperature UCST are described, for example, in the article of H. Mori, H. lwaya, A.
15 Nagai and T. Endo, Controlled synthesis of thermoresponsive polymers derived from L-proline
via RAFT polymerization, in Chemical Communication, 2005, 4872-4874; or in the article of D.
Schmaljohann, Thermo- and pH-responsive polymers and drug delivery, Advanced Drug
Delivery Reviews, volume 58 (2006), 1655-1670 or in the American patent applications US
2002/0198328 A1, US 2004/0209095 A1, US 2004/0217009 A1, US 2006/0141254 A1, US
20 2007/0029198 A1, US 2007/0289875 A1, US 2008/0249210 A1, US 2008/0050435 A1 or US
2009/0013609 A1, the American patents US 5,057,560, US 5,788,82 and US6,682,642 B2, the
international patent applications WO 01/60926 A1, W02004/029160 A1, WO 2004/0521946 A1,
WO 2006/093242 A2 or WO 2007/012763 A1, in the European patent applications EP 0 583
814 A1, EP 1 197 587 B1 and EP 1 942 179 A1, or the German patent application DE 26 10
25 705.

In principle, any known charge reversal agent (D) customarily used in the field of CMP can be

used. Preferably, the charge reversal agent (D) is selected from the group consisting of

monomeric, oligomeric and polymeric compounds containing at least one anionic group
30 selected from the group consisting of carboxylate, sulfonate, sulfate and phosphonate groups.

Suitable biocides (D) can be selected from the group consisting of water-soluble or water-
dispersible N-substituted diazenium dioxides and N'-hydroxy-diazenium oxide salts.

35 If present, the functional component (D) can be contained in varying amounts. Preferably, the
total amount of (D) is not more than 10 wt.% (“wt.%” means “percent by weight”), more
preferably not more than 2 wt.%, most preferably not more than 0.5 wt.%, particularly not more
than 0.1 wt.%, for example not more than 0.01 wt.%, based on the total weight of the
corresponding CMP composition. Preferably, the total amount of (D) is at least 0.0001 wt.%,

40 more preferably at least 0.001 wt.%, most preferably at least 0.008 wt.%, particularly at least
0.05 wt.%, for example at least 0.3 wt.%, based on the total weight of the corresponding
composition.
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The composition of the invention can optionally contain at least one pH-adjusting agent or
buffering agent (E) which is materially different from the ingredients (A), (B) and (C).

Suitable pH-adjusting agents or buffering agents (E) and their effective amounts are known, for
5 example, from the European patent application EP 1 036 836 A1, page 8, paragraphs [0080],
[0085] and [0086], the international patent application WO 2005/014753 A1, page 12, lines 19 to
24, the American patent application US 2008/0254628 A1, page 6, paragraph [0073] or the
American patent US 7,300,601 B2, column 5, lines 33 to 63. Examples for pH-adjusting agents
or buffering agents (E) are potassium hydroxide, ammonium hydroxide, tetramethylammonium

10 hydroxide (TMAH), nitric acid, and sulfuric acid.

If present, the pH-adjusting agent or buffering agent (E) can be contained in varying amounts.
Preferably, the total amount of (E) is not more than 20 wt.%, more preferably not more than 7
wt.%, most preferably not more than 2 wt.%, particularly not more than 0.5 wt.%, for example

15 not more than 0.1 wt.%, based on the total weight of the corresponding CMP composition.
Preferably, the total amount of (E) is at least 0.001 wt.%, more preferably at least 0.01 wt. %,
most preferably at least 0.05 wt.%, particularly at least 0.1 wt.%, for example at least 0.5 wt.%,
based on the total weight of the corresponding composition.

20 The preparation of the composition of the invention does not exhibit any particularities but can
be carried out by dissolving or dispersing the above-described ingredients (A), (B) and (C) and
optionally (D) and/or (E) in an agueous medium, in particular, de-ionized water. For this
purpose, the customary and standard mixing processes and mixing apparatuses such as
agitated vessels, in-line dissolvers, high shear impellers, ultrasonic mixers, homogenizer

25 nozzles or counterflow mixers, can be used. Preferably, the composition of the invention thus
obtained can be filtered through filters of the appropriate mesh aperture, in order to remove
coarse-grained particles such as the agglomerates or aggregates of the solid, finely dispersed
abrasive particles (A).

30 The compositions of the invention are excellently suited for the process of the invention.

In the process of the invention, a substrate for electrical, mechanical and optical devices, in

particular, electrical devices, most preferably, integrated circuit devices, is contacted at least

once with a composition of the invention and polished, in particular, chemically and
35 mechanically polished, until the desired planarity is achieved.

The process on the invention exhibits its particular advantages in the CMP of silicon
semiconductor wafers having isolating layers consisting of low-k or ultra-low-k silicon oxide
materials and silicon nitride layers as stopping or barrier layers.

40
Suitable low-k or ultra-low-k materials and suitable methods of preparing the insulating dielectric
layers are described in, for example, the American patent applications US 2005/0176259 A1,
page 2, paragraphs [0025] to [0027], US 2005/0014667 A1, page 1, paragraph [0003], US
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2005/0266683 A1, page 1, paragraph [0003] and page 2, paragraph [0024] or US
2008/0280452 A1, paragraphs [0024] to [0026] or in the American patent US 7,250,391 B2,
column 1, lines 49 to 54 or in the European patent application EP 1 306 415 A2, page 4,
paragraph [0031].

The process of the invention is particularly suited for the shallow trench isolation (STI) which
requires the selective removal of silicon dioxide over silicon nitride on a patterned wafer
substrate. In this process, etched trenches are overfilled with the dielectric material, e.g., silicon
dioxide, which is polished using the silicon nitride barrier film as the stopping layer. In this
10 preferred embodiment, the process of the invention ends with clearing the silicon dioxide from
the barrier film while minimizing the removal of exposed silicon nitride and trench silicon oxide.

Thus, the process of the invention exhibits an oxide-to-nitride selectivity greater than 50,
preferably greater than 75 and most preferably greater than 100.

15
The process of the invention exhibits no particularities but can be carried out with the processes
and the equipment customarily used for the CMP in the fabrication of semiconductor wafers with
ICs.

20 As is known in the art, a typical equipment for the CMP consists of a rotating platen which is
covered with a polishing pad. The wafer is mounted on a carrier or chuck with its upper side
down facing the polishing pad. The carrier secures the wafer in the horizontal position. This
particular arrangement of polishing and holding device is also known as the hard-platen design.
The carrier may retain a carrier pad which lies between the retaining surface of the carrier and

25 the surface of the wafer which is not being polished. This pad can operate as a cushion for the
wafer.

Below the carrier, the larger diameter platen is also generally horizontally positioned and
presents a surface parallel to that of the wafer to be polished. Its polishing pad contacts the

30 wafer surface during the planarization process. During the CMP process of the invention, the
composition of the invention is applied onto the polishing pad as a continuous stream or in
dropwise fashion.

Both the carrier and the platen are caused to rotate around their respective shafts extending
35 perpendicular from the carrier and the platen. The rotating carrier shaft may remain fixed in
position relative to the rotating platen or may oscillate horizontally relative to the platen. The
direction of rotation of the carrier typically, though not necessarily, is the same as that of the
platen. The speeds of rotation for the carrier and the platen are generally, though not
necessarily, set at different values.
40
Customarily, the temperature of the platen is set at temperatures between 10 and 70°C.
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m nyje. Examp|e-g%dr@6r%dr§ﬁvel’§%6%ﬁﬁk nkkates (MRRs) were neasured by | aser
interferonetry (FilmrekTm 15 The Table 4 gives an overvi ew over the

MRRs obt ai ned. Table 4: CVMP of S| licon Dioxide Coated Bl anket Wafers and
Si | i coavnaratiye E3patimantBlGEnkdi6 Waf ers and Oxi de-To-Nitride Selectivity
Exanpl e or

The Preparation of the Comparative Aqueous Polishing Compositions C1 to C6
15
For the preparation of the comparative aqueous polishing compositions C1 to C6, ceria
(average particle size dso 120 to 140 nm as determined by dynamic laser light scattering),
sodium hexametaphosphate (PP; weight ratio of ceria to PP = 200, hereinafter designated as
PP2oo; weight ratio ceria to PP = 300, hereinafter referred to as PPasg) and inositol were
20 dispersed or dissolved in ultrapure water. The amounts used are compiled in the Table 1.

Table 1: The Compositions of the Comparative Aqueous Polishing Compositions C1 to C6
Composition Cerial/% by PP200 PP30o Inositol/% pH
No. weight by weight
C1 0.5 - - - 5
Cc2 0.5 + - - 6.5
C3 0.15 - - - 5
C4 0.15 - - 1 5
C5 0.125 - - - 5
C6 0.125 - + - 6

25 Examples 1 to 11

The Preparation of the Aqueous Polishing Compositions 1 to 11

For the preparation of the aqueous polishing compositions 1 to 11, ceria (average particle size

dso 120 to 140 nm as determined by dynamic laser light scattering), sodium hexametaphosphate
30 (PP; weight ratio of ceria to PP = 200, hereinafter designated as PP2qo; weight ratio ceria to PP

= 300, hereinafter referred to as PP3sgo) and inositol were dispersed or dissolved in ultrapure

water. The amounts used are compiled in the Table 2.



Conpar ative Experi- nment No. Silicon D oxide MRR (A/mn) Silicon Nitride
MRR (A/mn) Oxide-To-Nitride Selectivity C7 2378 589 4 C8 1467 397 3.7 C9
1971 331 WOCHL/@288 138 15 Cl1 1846 347 5 Cl2 1017 242 PCT/IB2011/053884

21
Table 2: The Compositions of the Agqueous Polishing Compositions 1 to 11
Composition Cerial/% by PP200 PP30o Inositol/% pH
No. weight by weight
1 0.125 + - 1 6.5
2 0.125 - + 0.05 6
3 0.125 - + 0.1 6
4 0.125 - + 0.2 6
5 0.125 - + 0.5 6
6 0.125 - + 0.8 6
7 0.125 - + 1 6
8 0.125 - + 2 6
9 0.125 - + 2 4
10 0.125 - + 2 6
11 0.125 - + 2 9

The agueous polishing compositions 1 to 11 of the examples 1 to 11 were excellently suited for
5 chemically mechanically polishing substrates for electrical, mechanical and optical devices.

Examples 12 to 22 and Comparative Examples C7 to C12

CMP of Silicon Dioxide Coated Blanket Wafers and Silicon Nitride Coated Blanket Wafers and
10 Oxide-To-Nitride Selectivity

Table 3 shows which agueous polishing compositions were used for the examples 12 to 22 and
the comparative experiments C7 to C12.



4 12 1430 63 22.7 13 1031 199 5 14 1107 120 9 15 1014 72 14 16 1186 40 30

17 1247 38 33 18 1220 30 41 19 1200 23

WO 2012/032461

Table 3:

22

PCT/IB2011/053884

The Agueous Polishing Compositions and Type of Silicon Dioxide Layer Used for
the Examples 12 to 22 and the Comparative Experiments C7 to C12

Aqueous Polishing Of Example Used for Example Type of Silicon
Composition or Comparative or Comparative Dioxide Layer Used
No. Experiment No. Experiment No.
C1 C1 C7 HDP
C2 C2 C8 HDP
C3 C3 C9 HDP
C4 C4 C10 HDP
C5 C5 Cc11 HDP
C6 C6 c12 HDP
1 1 12 HDP
2 2 13 HDP
3 3 14 HDP
4 4 15 HDP
5 5 16 HDP
6 6 17 HDP
7 7 18 HDP
8 8 19 HDP
9 9 20 TEOS
10 10 21 TEOS
11 11 22 TEOS

5 HDP: High density plasma silicon doxide;
TEOS: Tetraethyl orthosilicate CVD type oxide

Hereinafter, the CMP the following process parameters were used.

10 Example 12 and comparative experiments C7 to C10:

- Polishing apparatus:Strasbaugh 6EGnHance (rotary type):
- platen speed: 93 rpm;
- carrier speed: 87 rpm;
15 - IC 1000/Suba 400 K-groove polishing pad manufactured by Rohm & Haas;
- in situ conditioning using S60 3M diamond conditioner;
- slurry flow rate: 200 ml/min;
- substrates: silicon dioxide blanket wafers (cf. Table 3) and 500 nm CVD silicon nitride
blanket wafers from Montco Silicon;
20 - down force: 2.7 psi (185.143 mbar); C9: 1.5 psi (102.86 mbar);
- polishing time: 1 minute.
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Pol 1ghi ng CoaRRaikidnRBSwafels® 11 of the Exanples 23 to 26 Ex. No. Conposition

i 0,
No. Cer | al A)down force: 2 psi (137.143 mbar);

- polishing time: 1 minute.

The material removal rates (MRRs) were measured by laser interferometry (FilmTek™ 2000).
15 The Table 4 gives an overview over the MRRs obtained.

Table 4: CMP of Silicon Dioxide Coated Blanket Wafers and Silicon Nitride Coated
Blanket Wafers and Oxide-To-Nitride Selectivity

Example or Silicon Dioxide Silicon Nitride MRR Oxide-To-Nitride
Comparative Experi- MRR Selectivity
ment No. (A/min) (A/min)

C7 2378 589 4

C8 1467 397 3.7
C9 1971 331 6
C10 2088 138 15
Cc11 1846 347 5
C12 1017 242 4

12 1430 63 22.7
13 1031 199 5

14 1107 120 9

15 1014 72 14

16 1186 40 30

17 1247 38 33

18 1220 30 41

19 1200 23 52

20 1135 98 12

21 1568 25 63

22 1342 21 64

20
The results compiled in the Table for make apparent that high oxide-to-nitride selectivities could
not be achieved with aqueous polishing compositions containing ceria, ceria and PP and ceria
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and inositol only. Contrary to this, it was easily possible to achieve high oxide-to-nitride
selectivities even greater than 50 with the polishing compositions containing ceria, PP and
inositol. When the pH of the polishing composition was increased to 9, the oxide-to-nitride
selectivity could be even more improved.

Such high oxide-to-nitride selectivities could also be achieved with aqueous polishing
compositions containing ceria, sodium hexametaphosphate PP, glycerol and polyethylene glycol
PEG and/or polyvinylpyrrolidone PVP.

10 Examples 23 to 26
The Preparation of the Aqueous Polishing Compositions 12 to 15

For the preparation of the aqueous polishing compositions 12 to 15, ceria (average particle size

15 ds0 120 to 140 nm as determined by dynamic laser light scattering), sodium hexametaphosphate
(PP; weight ratio of ceria to PP = 250, hereinafter designated as PP2so), inositol, galactose and
Protectol KD (N'-hydroxy-diazenium oxide salt; biocide from BASF SE) were dispersed or
dissolved in ultrapure water. The amounts used are compiled in the Table 2.

20 Table 5: The Compositions of the Aqueous Polishing Compositions 1 to 11 of the
Examples 23 to 26
Ex. Composition | Ceria/% | Protectol | PP2so | Inositol/% | Galactose/% pH
by weight | KD/ppm by weight by weight

No. No.

23 12 0.125 25 + - 0.25 9.5
24 13 0.125 25 + 0.25 0.25 9.5
25 14 0.5 12.5 + 0.5 - 9.5
26 15 0.5 12.5 + 0.25 0.25 9.5

25

30

35

The aqueous polishing compositions 12 to 15 of the examples 23 to 26 were excellently suited
for chemically mechanically polishing substrates for electrical, mechanical and optical devices.

Examples 27 to 30

CMP of Silicon Dioxide Coated Blanket Wafers and Silicon Nitride Coated Blanket Wafers and
Oxide-To-Nitride Selectivity

The CMP was carried out as described in the examples 13 to 22 only that the platen speed was
set at 63 rpm and the carrier speed at 60 rpm. The obtained MRRs are compiled in the Table 6.
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devi ces. Exanples 27 to 30 CWP of Silicon Dioxide Coated Bl anket
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rpm The obt ai nedldRBsWarfers apdrpixidedl a-NitideeSdlediiveéy 6. WO
2012/ 032461PCT/ I 82011/ 053884 25 TabI e 6: CIVP of Silicon Dioxide Coated

Ot do- o RIERT e Sel &0t 1 v] (PP Adledusl BoF | BhiSIB Conpos Ky oo, |of Exampl e
No. Use¢d PolishBganplExanple TEBMRR [ MRR Nitride Nitride
Composition MRR Selectivity

No. No. No. (A/min) | (A/min)

12 23 27 1172 8 146.5

13 24 28 1226 3 408.6

14 25 29 1727 23 75

14 26 30 1488 15 100

5 The results of the Table 6 make apparent that the already high oxide-to- nitride selectivity
achieved by the use of a cyclitol (cf. example 25) or a monosaccharide (cf. example 27) could

be even more enhanced by the joint use of the cyclitol and the monosaccharide (cf. examples
28 and 30).
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We Claim:

1. An aqueous polishing composition having a pH in the range of from 3 to 11 and
comprising

(A) at least one type of abrasive particles which are positively charged when
dispersed in an aqueous medium free from component (B) and having a pH in
the range of from 3 to 9 as evidenced by the electrophoretic mobility;

10 (B) at least one anionic phosphate dispersing agent; and

) at least least one polyhydric alcohol component selected from the group
consisting of

15 (c1)  polyhydric alcohols selected from the group consisting of water-soluble
and water-dispersible, aliphatic and cycloaliphatic, monomeric, dimeric
and oligomeric polyols having at least 4 hydroxy groups that are not
dissociable in the aqueous medium;

20 (c2) a mixture consisting of

(c21) at least one one polyhydric alcohol selected from the group
consisting of water-soluble and water-dispersible, aliphatic and
cycloaliphatic polyols having at least 2 hydroxy groups that are not

25 dissociable in the aqueous medium; and

(c22) at least one water-soluble or water-dispersible polymer selected
from the group consisting of linear and branched alkylene oxide
homopolymers and copolymers (¢c221); and linear and branched,
aliphatic and cycloaliphatic poly(N-vinylamide) homopolymers and

30 copolymers (c222); and

(c3)  mixtures of (¢c1) and (c2).

2. The aqueous polishing composition according to claim 1, characterized in that the
35 abrasive particles (A) are inorganic particles.
3. The aqueous polishing composition according to claim 1 or 2, characterized in that the

inorganic abrasive particles (A) contain or consist of ceria and have an average particle
diameter of from 1 to 1000 nm as measured by dynamic laser light scattering.
40
4, The aqueous polishing composition according to anyone of the claims 1 to 3,
characterized in that the anionic phosphate dispersing agent (B) is selected from the
group of water-soluble condensed phosphates.
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7. The aqueous polishing composition according to claim 6, characterized in that the alditol

(c1) is selected from the group consisting of tetritols, pentitols, hexitols, heptitols, and

octitols; the cyclitol (c1) is selected from inositols; and the carbohydrate (c1) is selected

25 from the group consisting of monosaccharides, disaccharides, oligosaccharides,
polysaccharides, desoxy sugars and amino sugars.

8. The aqueous polishing composition according to claim 7, characterized in that the
monosaccharide (c1) is selected from the group consisting of allose, altrose, glucose,

30 mannose, idose, galactose and talose.
9. The aqueous polishing composition according to anyone of the claims 1 to 8,

characterized in that the water-soluble or water-dispersible, aliphatic or cycloaliphatic
polyol (c21) having 2 to 3 hydroxy groups that are not dissociable in the aqueous
35 medium is selected from the group consisting of ethylene glycol, propylene glycol,
diethylene glycol, triethylene glycol, dipropylene glycol, tripropylene glycol, ethylene
propylene glycol, diethylene propylene glycol, ethylene dipropylene glycol, glycerol,
1,2,3-trihydroxy-n-butane, trimethylolpropane, and mixtures thereof; in that the water-
soluble or water-dispersible, linear or branched alkylene oxide homopolymer or
40 copolymer (c221) is selected from the group consisting of ethyleneoxide and
propyleneoxide homopolymers and copolymers; and that the linear or branched,
aliphatic or cycloaliphatic poly(N-vinylamide) homopolymer or copolymer (c222) is
selected from the group consisting of homopolymers and copolymers of aliphatic and
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according to claim 15, characterized in that its oxide-to-nitride
selectivity is greater than 50. The process according to anyone of the
clainms 13 to 16, characterized in that the electrical devices are
|ntegrated CIrCUIt deV|ces quuid crystal panels, organic

S RN I A



such as the end faces of optical fibers and scintillators, solid |aser
nonocrystals, sapphire substrates for blue | aser LEDs, sem conduct or

nonocr ystwbp12z03e46gl ass substrates for magnetic di sks. BCISBIHheops®icess
according to claim 17, characterized in that the integrated circuit devices
contain integrated circuits with largeysgcale integration or

very-|l arge-scal e integration, having structures wi th dinensions bel ow 50
nm  19. The §¥&" ih‘?ee%\‘é]lf%‘éﬁfs OEJ(S’PF' ifl*i’ﬁr%@ﬁﬁo%q"’tt'i'%tﬁrsa&f’ﬁ? df"??d 'F‘S”%Wﬁ'é’ of
t he cl ai ns bapphik3 slibstatesrdorubhet asend Eflse cdamicalducioe chamarydtalsindnd pglassal
devi ces. substrates for magnetic disks.

5 18. The process according to claim 17, characterized in that the integrated circuit devices
contain integrated circuits with large-scale integration or very-large-scale integration,
having structures with dimensions below 50 nm.

19. The use of the agqueous polishing composition according to anyone of the claims 1 to 13
10 for manufacturing electrical, mechanical and optical devices.



