COVPCSI TI ON AND METHOD FOR POLI SHI NG BULK Sl LI CON BACKGROUND OF THE

| NVENTI ON [0001] Silicon wafers used in electronic devices are typically

pr epar ed woamia3ssosgl e crystal silicon ingot that is fipst/skeopasssnto thin
waf ers using a dianond saw, | apped to inprove flatness, and etched to
remove subsurface danmage caused by | apping. The silicon wafers are then
typically polished in a two-step process to renove nanot opography caused by
etching and to achieve the desired thickness before the wafers are
acceptable for use in electronic devices. [0002]In the first polishing
step, a high reanaI rate is required, and ideally the nanotopography woul d

not be worsened gﬁ;(ﬁfreter t hat
nmeasures the fron -sur acei@ﬁﬁmya%an a?ggggn ef1ned as the
devi ati on of a surface wiBACKGROUNRXORTHRAVEENHHMN of around 0.2 to 20 mMm

Nanot opogpgily Cbnic%ﬁ(@fefsr@m i el @R Jéleésae&ﬁléamype?& ed fr&th a SRRIO OPYr aphy,
the flatness of the wafer surface I s neasured atjve to thée wafer surface

i tsel f, viysabsifienn inget thatds first slicpidiatg thip wafersjugipg g diamgpd sapelapped s surface is
measur ed kot viResk, canaiettﬁeatto féhid@é(suﬂﬁﬂ@cetd@mﬁlg%' cdusunsy wmﬂg .ThERMSen & Wafer may
have perfect flipgess “% ﬁgl have nanoto gg @l% mafer has
surface iVHegaeMentypLalippolished in p Byp-steppEOCRSs d% th‘%gFﬂ? WEAUSSA Yyt t he
front andewdaplans W dchieeshadetir@iahiokdes befotdtke warke areaceppble faate inl at ness.
However, the sa Hg/mefer wi || exhibit nanotopography. Nanotopography bridges

the gap bEIWRLHITEShness and flatness in the topol ogy meap of wafer surface
i rregul arjooo2gs |Iml$p‘mtp@lishﬁ1getqp;erh¢gh rexﬂgﬁ@ﬂ&i:ﬁhaqﬁ.madmodmibauyohe shi ng

COMPOS t1 005 Qfoc &) bSO oMELLS SANR! s b Nl IBYRlon) Wbl il | CON. - Ut

produce i HEr 8%§e anot opogr apy e "SR con NGt 6ased
nanot opogmensirys tpufrenhsmfaceaweldgsddramads amglris deéfmedasglndtyiafipmefla spfdce shi ng st ep

N e

sem conduct or strate ere renal ns a nee
i nproved fasnessinitiay f@@ﬁmgt@bh@erfbrneeior the yafeparapasis meruEd rdayvRIRY OF THE

| NVENTI G\{héQQ:QAsLIHQ& dséll?'%'ilé Ws&raee/n%%s aleminhsalarmg waftPRPAEd ik ON conpri sing
(a) silica, (b) a conpound or compounds i ncreases the renoval rate of

silicon, Weasurg teeflvefawm ﬁwﬁb‘ﬁﬁqjmfeme waé?{d Tb'&)awaf[eemay Yvepefert  he

pol i shi nonAREN 9&istill Rive haﬁn@ogkb@f 1f Wafer hds suﬂfﬁz@%elg/alahuéss)h veiadingent of the
i nventive chem cal - ham rises a chem cal

0Si ti 0
nmechani ca‘Padbﬂf"?Sé’ﬁfhﬁQ"a b f’f’?'g {éf“gﬁa e@é@hﬂt‘?‘% bgs pgfectonsi sting of
(a) 0.5 wiatfiéss. G{cﬁ&vm thS/szﬁfe vaafdr indiexhiinatbtéhdgtaphyoNagotbpostaphy tridgene or nore
2 organic,carho ci ds c) 0.02 wt.%to 2.W_.% of ane or..nore
i nophosBheiR e e uBiesring Mitheeg i dpotos g o sy iflyse fiffin 0
tetraal kyépam?rﬁaqlmmysal ts, (e) optionally one or nore bicarbonate salts, (f)

0Bt i onal !ihefgt ass) [,aﬁmgiom@.ug,@fmvm&% wattSLShPhibDRaR M AL NO

conposi ti as a
for silicon, but produce increased nanotopograpy of the silicon wafers. The increased

nanotopography puts increased demands on the second, final polishing step to produce silicon
wafers suitable for further processing into semiconductor substrates. Thus, there remains a

need in the art for improved polishing compositions for silicon wafers.

BRIEF SUMMARY OF THE INVENTION
[0004] The invention provides a polishing composition comprising (a) silica, (b) a
compound or compounds that increases the removal rate of silicon, (c) a tetraalkylammonium
salt, and (d) water, wherein the polishing composition has a pH of 7 to 11.
[0005] -A first embodiment of the inventive chemical-mechanical polishing composition
comprises a chemical mechanical polishing composition consisting essentially of or

consisting of (a) 0.5 wt.% to 20 wt.% of silica, (b) 0.02 wt.% to 5 wt.% of one or more



[ 0006] A second enbodi nent of the inventive chem cal - mechani cal polishing
conposition conprises a chem cal nechani cal polishing conposition

consi sti nyoessnstsoal | y of or consisting of (a) 0.5 wt . %PCo/tRG0 M4 Df
silica, (b) 0.01 wt.%to 2 w.% of one or nore pol yam nocarboxylic acids,
(c) 0.05 wt.%to 5 wt.%of one or nore amnes, (d) 0.1 wt.%to 5 wt. % of
one or nore tetraal kylarnnonium salts, (e) 0.001 wt.%to | wt.%of one or
nore di ol conpounds, (t) optionally one or nore bicarbonate salts, and (Q)
wat er, wherein- the polishing conposition has a pHof 7 to 11. [0007]A third
enbodi nent of the inventive chem cal - mechani cal polishing conposition

conpr i sesorganidvartiogylic atiEs; (50102 adt.%pw012i vl ofpne onfpars aininophosphosic atitls) ()

essentlal ) pNsi stin W% Q ica, (b) 0.01
oot o PS5 SR bitr® st Pgmeltls o aPuhnb o ibs' T o) o5
. % of Obiearlamatarsales, (Demnmllkydtamnwdmndahmﬂg) valyr, @hﬁéjn\me.p%lshmgS vvt % of
one or mgo%pggl%maga $0p9w11| c acids, (e) optionally 0.1 w.%to 5 wt. % of
one or nore am nes, § ) optionally one or nore bicarbonate salts, and (g)
wat er, whi@pesin tfheecmsilm@hﬁlnvgn@érhs@memivenhm@-mewanml pplishing11. [ 0008] A
fourth enbamh g coh &@9&%&%&%9&9&1}&@% c&#ﬂegsaﬁa %L,stn@'eks%mang

conposi tion conpris chem cal mechani ca (ﬁo IS orposi t i on
consi st i nef oesasistinel (a) 05wtdp torvgi%e ofisHiga. &%) )W‘(%E’Z\/Wt%/@f‘éﬁe%m\ﬂke % of

silica, (Rlyahifdarbbxyle fcs: c)’\@ Og/Wp‘% 1&5Gt Qlof bR &7 nﬂé&ﬂ%r‘(‘dy@mw*’/ﬂbﬁg
heterocyclic conpounds, (¢ ) w.%to 2 w.%of one _or nore

ami nophosWhERf ane0E mee, let(aabkmmrwm%lfso(eso ' ‘%o/e)fc’ b’ §f onggyr gore diol

t et r aal kydoaipowids (BdpohhallySone(0® nofdftidafbdidid $41t9 B @) wiker, @héréia Melponauing sal t's,
and (f) water \M]Bﬂeﬁﬁ EJ? 3olishi ng conposition has a pH of 7 to 11.

[ 0009] The® ompgsition &b’ Bridvi des a nethod for chenical | y- mechanical |y

pol i shi ngjoapmgubss ﬂﬁﬂemmdnhettt lbethe fwenitvt mmmbsmah&heanmhnmg eahpopitiba Shi ng
conposition. %0019; l r g th tlt henllnt\!/entl Ve et hrod for

cheni cal | P IREERANTTUF “’ecé’f‘ TR “§°‘s’ﬂ% PP EIRPISESY A contacting a
subst r at econsistingaf (ad. |Ssmll%ng 2p s Yeafdiliga, G OWil ®alo ot oloak opmbries hi ng

conposi ti b .%to 20
wt . % of sﬁnyam%% E‘%’Jyggﬁcgdssvﬁ 51 Alnl '?J(t)/‘éog Wtf% f%gé;?lﬂeé%!r: Rffafl re 145@%?%“2 carboxylic
aci ds, (cfd0opgt. %tto §ov.% of one oromas¢ orgarc @rbomitc@mdm@mpmbh@hm%deﬁds (d)0.1
WE. % O 5o or AR dMindE, liialiPBhelcy hRFTBRAIIAS Bl Sng (a1 0! |y One

or nore bicarbonate salts, (1 pt1onal }/ 3 potassi um hydroxide, and (9)
wat er mh\é't‘%?‘ﬁthﬂﬁ@llsbtﬁ‘BF%‘ﬁﬁ’%é‘%Bﬁﬂ@ﬁ‘h dlhas a pH of 7 to 11, (ii) moving

the pol i Sfobex) DPagdlfdurth a.hbaaanél@ohh@mwh%éh&h@mvmécham&wp&ﬁmﬁg&ﬁl gR&hani cal
pol i shing conposition therep abr adi n | east a portion

et we and i

of the suffEtPFaté CPW%HE%“Fﬂ@°§§}H’§FP‘aﬁ‘E ‘°f'8%5‘i‘i‘i% s¥e 'éloéﬁ‘bodl ment of the
inventi vecdmﬁth@dftagno.s@dn.wroaawt%dmmbam)o@hw%Jt@lswal% Bg)nagﬁhibngt ratﬁ o
conpri ses contacting a substrate w t 0 S ad and a chenica
nmechani ca’i"gb%f‘icg?{?'ﬁlﬁg hﬁ%ﬁ‘@@ﬁ‘i ?°8W°Wﬁ’§¥¥sotq@ﬁﬁ é?&e‘?‘n‘p/"ﬁg?'g %f°6r consisting of
(a) 0.5 wimitroghospR@hicvicidk) df 0.8 mwh.tta 5 wtd) of@nddr mdre %rhabkyIamhor%rmﬁalt@,r(e) or nore
pol yam nocar i i 9 % re am nes,
(a0 1 vgotopts Sl gt Bfarbonite s hatb il Al bl el © 21" %50,

W . % t 0 lhast p¥hobf tohle or nore di ol conpounds, (f) opt| onal |y one or nore

bi car bona al t lh,tion has a
pH of 7 tfgﬁoﬁ ir;?f’@rrgvo&% So yidks mﬁgﬁb&hglﬂt%a@p a%@(%&?ﬁ’%%&gubst rate with
t he chem %lbﬁmtﬁe\tl wntxwﬁeglmﬁ@ec@@w&qlx@hwwwmt ween, and (iii)

abr adi ng ﬁbld eask iRy GMddinRAt Afind ipRnBvISdKALS: cmmraalytxﬁahsxh@a:@ubst rate.

[0012] A t enbodi.nent of the inventive nethod fo
cheni cal | gphﬁ}gﬁg]%lmbggfq cympnses (i) contacting a substrate with a pollshmg pad and a chemical

mechanical polishing composition consisting essentially of or consisting of (a) 0.5 wt.% to 20

wt.% of silica, (b) 0.02 wt.% to 5 wt.% of one or more organic carboxylic acids, (c) 0.02
wt.% to 2 wt.% of one or more aminophosphonic acids, (d)0.1 wt.% to 5 wt.% of one or more

tetraalkylammonium salts, (e) optionally one or more bicarbonate salts, (f) optionally



polishing a substrate conprises (i) contacting a substrate with a polishing
pad and a chem cal nechani cal polishing conposition consisting essentially
of or consoWimz4e8 (a) 0.5 w.%to 20 wt.% of silica, EbI/B20D/0v458% t0 2
wt . % of one or nore pol yam nocarboxylic acids, (c) 0.1 w.%to 5 w. % of
one or nore tetraal kyl ammonium salts, (d) 0.01 wt.%to 5 w.% of one or
nore organi c carboxylic acids, (e) optionally 0.1 w.%to 5 wt.%of one or
nore amnes, (1) optionally one or nore bicarbonate salts, and (g) water,
wherein the polishing conposition has a pHof 7 to 11, (ii) noving the
polishing pad relative to the substrate with the chem cal - mechani cal

pol i shi NgoesigwBydréxide, dnd€selaRdér)wierein ﬂmﬁol(shmg ;;omziosladnmaan dfeastl,a portion

of the substrate . to palis the str 0 urth e diment of the
i nvent i vlej"%'@?‘ﬂ%‘h? B?IPI&' glll"“I“S? ?TE‘E FUpR ga\v ylgf)g elmé‘ﬁl §°h3m§ﬂtl§§‘f>’

conpri sesofupgsitvantiesabbiveen, andsii abradihgatieattta partjpo of hiabubgtrapaud patidh tie chem cal
mechani casl b%gl i shing conposition consisting essentially of or consisting of
(a) 0.5 w 20 wt. % of silica, (b) 0.02 wt.%to 5 wt.% of one or nore
ni t r ogen-[8@] ai i segondembodimymlof the émmtpb@mﬂ@od (Ocyheoli@HymchﬁnlCdl)Q W . % of one
or nore [ e

tetraal k rr?r'%nmlc%%ﬂgg c?"s‘“? X &%Qm% %mtégigm?)? %r%f(ﬂeggl car g‘?]eg?%'isal ts, and
(f) wat ermemmmabmqhslvmcmpmm qﬁgm%leap?émtlﬂlﬂ)mf oReepsigtinglaf () 03 wrde tpRO (i)
moving_ R sRet i) §ro PP A DAY b dr Bbreyaalik fud filladdifc) 0.05

cheni cal - nechani cal ~_pol i shi ng onposi tion therebetween, d (1ii) abrading
at | east - %#rivona °8?“°t°ﬁé‘°§-‘lﬂ§§'ﬂqse(9b°’c8‘ 66‘??%/%‘}{@“"5?{5%@? at e. 4 BRIEF

DESCRI PTItQNa lamidenikRAYNNGS &0 11034 4ol TREY ok 8t of miofe cﬁol%@nlﬂ%mhad @) drawi ng t hat

illustrates e surface r amet .. DETAI LED DE TI ON.OF THE
| NVENT] o\?vfuems 2 MOFR SR PgRe ﬁeﬁneéﬁg watep Sihprei; thepo P¥PConpri si ng
(@) sili csaplbf 2oCiO@P BN the pOIERIRY Patbrelatiatio theciiasesith ik renoval rate of

Dol i shi g "EBISHLELTO PSR rPaToh peeerieen i 3k ae A G L ORE any

sui t abl e dfdrersulnirasiid potish theitbstae. wet - process type silica, funmed silica, or
g?mjlcga‘:);[g@&t he %\ r& Emg%én(m)en ggﬂgé ﬁwr&lt}e m%lulcf t&achglg{lal?fﬂggh%? i&all at e(F:)Ir gicleiscs;at ype
particl es@ojnslmmmmwicbmpmii (heoniacting asubstr@awpm p«plcshmg pacyqnd @&hdny'czar e

prepar ed &ééh&f?aﬂ .§1'u coﬁi ggw né.&m% QU ERGA) 1 Qak.s@f?gf&'(ag o8BSyt HMH0C

col | oi dal partlc avl ng an averag article size between

1 nm and WGOOf sikiea. @JQ:W Whoda 2 We Yorpd pre o Imose Rodyaminocabexyle acddsi (§) @k cor dance

with US wt%&mt%o?m &%r&éu&&?laﬁ&o@iﬂh@hl&e@) 881 3% 185 w9 drAMSor
commerci ally avail abl e_products,. such Al czo- Nobel Bindzi]l 50/80

product, HPfeorgarie rrosyaticsess, &%Mlyoar‘i‘ﬂ%‘ﬁé w72 of 9o oompfe gpipet: Das wel | as

ot her si ndpkighallp oA Glove W@bdnﬁt@'szﬂtsfarn@@)WBQ%ereﬁaH@ﬁohslﬁﬁgﬂédn@ds@ﬁﬁearCh

Ni ssan Chem cal ,._and %al‘l ant g Jl}g silica can CO":E“ se funed silica
parti cl eshas ERFROL7 & §1; @ moxing ft&pglés g Radyglapyeda hespbsrrigMith dieat i 1 e precursors
(e.g., si dhblﬁmﬁl hiechari@bpoliskingicapposig@nhsetprwaes asd Giy) abyading hylsdssa portildnor

oxi dat | on of pe rec Sﬁrsbltnta hi gh tenperature flane (H2/air or

H2/ CH4/ al? ets(‘i Sr?'%&’upco SRS SYSHY siTica. The solution containing the
precur sorlotmm beA E:pnbaytebbdmnn()ofahmmtweenqlmdabmhenfchlaﬁaeqhmwv@jya dr opl et
gener at or i pl et
gener at or R n@&{}ﬁs ﬁlﬂ Bg%gg %’ﬁ?@‘e?%ﬁ%%ﬁg’ﬂ%@&rﬁ@g gJy&d%%hezngFaq and
ul t r asoni mechardeal ztétslyng Suiposibipreconsisting es,scntuauxaofmr oehgisting qﬂe OCSOM% k30a | y
avai | abl eyfy, QfiRLL0@46 63 Bt @%9“@% &%ppapmomswgg%onaﬂﬂg E’Q&H&%ﬁc [00181The

silica can have any suitable average particle size (i average particle

di amet er )comppwnds;i(¢)i003 “Y!a(ﬂ‘%‘V‘e/ 8ﬁ°ﬂa\?é¥‘a§émﬁ%9f”ﬂqsﬁh°é‘°saﬁfé @P1#6%@5r nor e,

€. 0., 15 P9 oPénelBP hdre teFhalkyyAmBionilisflts, @F optiondMyloRé o RdrEbichbdmieRats, vel y, or
in add| ti on the silica can have an av%p% é{ggr‘tol cle size 8f 120 nm or

| ess, e. g*nd (G pgten phgrein thegrolishipgromppsitin oo G mpegthe go nm or | ess,
70 nm or potisifing $2d rélative ko theﬁﬁ)strzfd)mﬂfme)fheinﬁslsmedhﬁméh@pdillsﬁih@6orbpbslaon Thus, the

andpor nt erpvestand D) AR (L Serker v AT Ry R o <1 20 of 10

nmto 100 nm 20 nmto 100 nm 20 nmto 80 nm 20 rimto 60 nm or 20 nmto
40 nm For a non-spherical silica particle, the size of the particle is the
di aneter of the smallest sphere that enconpasses the particle.



5 [0019] The polishing conposition can conprise any suitabl e anmount of
silica. Typically, the polishing conposition can contain 0.5 wt. % or nore,
e.g., 1 wo%owosmsmse, 2 w.%or nore, or 5 wt.% or nor ePafi/Us2é1i0088587
Alternatively, or in addition, the polishing conposition can contain 20
w.%or less, e.g., 15 w.%or less, 10 wt.%or less, 8 wt.%or |less, 6
w.%or less, or 5 w.%or |less of silica. Thus, 1/4the polishing
conposition can conprise silica in an anmount bounded by any two of the
above endpoints recited for silica. For exanple the polishing conposition
can conprise 0.5 wt.%to 20 w.% 1 w.%to 15 w.% 5 w.%to 15 w.% or
0.5 wt.%to 5 w. % of BiRﬂEEHESGRI@IEIN’OETSIiEIDMWMGSDCI es preferably are
col | oi dal [bhﬁﬁtabﬂh?q%{%g Jx?cﬂgﬁxéi%'dlrao' dﬁa? Afﬁ t?ate% ‘abetspﬁ?cei&ﬁg.@ﬂskon of silica

particles In'the carrie yrrerers o the

mai nt enance of that Sgﬁﬁ)m%ﬁ)ﬂ};ﬁ@ﬁﬁwgﬁqbpﬁﬁEINQrENH%IQOHt ext of this
invention, an abrasive is considered colloidally stable if, when the

abr asi ve Pglsﬂ)l add@8 MVeitign Broyisies ‘?’r?"l'@lP‘%&ﬁ?glP%%“WPi“H'ﬂFé‘Pg @hict Phhved to st and

u ]pagl t at aslanfp&rnd@r tr:]dnﬁﬁéuﬂfs tit hh@iéﬁs%s thé ?&xﬁdﬁlfr{tegﬁﬂfken b@ta\lmﬁglkmhl?x[ng?ﬂﬁe ntrati onf
of particles in the of the. gradu cyl i nder internms o
g/ m) anosa{tl‘?@d@%ﬁ'@@hf”s‘ﬁrtel"% e Rpylishing qomp é"g‘lhﬁsﬁﬂé 87 40 m of the graduated
cylinder [0piB] i rThe eiticacanbe gyshikablh Mmdﬁdnlbg/sdches \lve14p'i‘dcasls type Bitied) tfuntddi on of
particle ositi.o C / i.s | ess than
b equal Vishr SRR Kieft” FRCGamy the Sy ciftomglFREproflst e bifea o b e
of [ B] - [ Taft|ctep (a 5, dondessatibvapolpmerezgdiod pracipitBtedsiliarpdrticiest Condeharnably is | ess
than or e 0, s water. The
wator 1o BBt sfedrar S BRMINS OB RuERTRE SISO BATRINAET, 12} 0
conmpound (r@;ncteha\thene ndloslabmartictes are defimechis havingnanaferagelpartide snzeamdiveamynmt her

addi tives, 31'1(? rGh?her af)l{ d%?a?w Bm@cle%%lﬁ%%ﬁarédﬁﬁ%&cf)ﬁ eEvﬂh@% P&Ed@

pl anarize e water 1S delonized water. 0221Thé pollshlng
conposi tu%ﬁwgbtammsw quwaﬁus Femmergiglly gvailablgprgducisesyigh as t@r@#ze-Na y, the

pol i shi noBiABORO Ex'o@lfét lﬂﬁfNaﬁ:oWSfﬁ%O& $6dubDind tl(eEFu% PL-8 {aaucma{ ﬁéll asEven nore
preferably the polishin nmposi tion has a f 8 to 10).

The pol i sfrwqﬁgm%mm ?vaﬁa !ﬁffqﬂbﬁ%%owﬁqysﬁaéavlﬁé R&‘FP’%EH Nﬁéani %m&g‘emds f or
exanpl e, @Eadacsi um hydroxi de, amoni um hydroxide, and/or nitric acid. The
l'i shi I t I [ buf feri t Ma

Do SR S50 SneonPB TRy PRt SE ey e Tm, or,
(l; a ?f be amtodided fadm eolbiié Ili;recrmg;f(ag emtnconho;rdeemmregenhlpméds(bp aydrellgzas Eo nat e

uffer sys sul f.on Ci ol i shing
cormosi 1) YL areEh AL E¥abF bian R e s e A R and or Ca pr
buf f er i ngpradyenthe fqmedmhdedl" Helsalutien cobtaming tlelpreeumorcambe spsayad;ed) dloglachi eve
and/ or 4 0 |.shi sui tabl e

mf’z @é‘%{i}ﬁ e Jefhrﬁjo%{%)ﬂgt r%Q_x?Jé%t&t é{.ﬁ%e%?é?’a‘?%dé ek Q{)lﬁc@d

range. ( - of I'nventive chemc nechani cal
pol i shi ngTwmqtﬂssnlitlgmrmrﬁ)Vﬁc@é%blaﬂuadleﬁ hmb@mwwraymeul@mndg conposi tion

consi sti rlﬁm%&%@ﬁkbh%x'sy s&lfabférﬁu{%&i%ﬁlc%n‘o@&ts%e otmeiatly Waifdble @rop0 Wt . % Of
silica, (b) 5 w.%of _an organic carboxylic acid, (c) 0.02

W.%to 2Pr9\$i“°°7&8¥°haﬁ1cﬁ’m TolraupaphPesussdi d, (d) 0.1 wi.%to 5 wt.%of a

tetraal kymmimmmekﬂi&i&anhﬁ@)anpmldaaea«lelagegarbénsaietxoaaév@mg@«,bahncne(f) optional ly
pot assi um hydrox1 de, ter, wherein the polishi nggcorrpom tion has a

pH of 7 t%arefen). [B\szwiamé hﬁ‘éﬂ anéh?r?ﬁj ‘PatyFlp 8t of 19, e o PM&fbodi ment
cont ai ns @se, 0mniEmedré di 25ith 6r more. Altematively, or in addition, the silica can have an

average particle size of 120 nm or less, e.g., 110 nm or less, 100 nm or less, 90 nm or less, 80
nm or less, 70 nm or less, 60 nm or less, 50 nm or less, or 40 nm or less. Thus, the silica can
have an average particle size bounded by any two of the above endpoints. For example, the
silica can have an average particle size of 10 nm to 100 nm, 20 nm to 100 nm, 20 nm to 80
nm, 20 nm to 60 nm, or 20 nm to 40 nm. For a non-spherical silica particle, the éize of the

particle is the diameter of the smallest sphere that encompasses the particle.



organi c carboxylic acids or salts thereof. The organic carboxylic acid can
be an al kyl carboxylic acid or aryl carboxylic acid and can be optionally
subst i t utwo 2ed1tdsz4gsoups sel ected from the group consi st iPag/usto1io+4$387 al kyl ,
am no, substituted amno (e.g., nethylam no, dinethylamno, and the like),
hydr oxyl , hal ogen, and conbi nations thereof. Preferably, the organic
carboxylic acid is a hydroxycarboxylic acid (e.g., an aliphatic

hydr oxycar boxylic acid or a hydroxybenzoic acid), an am no acid, an am no
hydr oxybenzoi c acid, or a pyridine cdrboxylic acid. Non-linmting exanples
of suitable hydroxycarboxylic acids include malonic acid, lactic acid,

mal i ¢ aci[do19] ar tThe palishing dompnsmbmwdbmpmerhw iimilﬂb anguytoaflsilica. dgpically,

2- hydr oxy, ri.c sal |c | i o o

2, 6- di hya‘B%?éé'Blé'P&?m@ogté?"agm ﬁ%nﬁa"i‘ rgnwg 7% me°>r<ea gs?é oq’mo?{] B¢ Frvi no aci ds

i ncl ude ghgre,iané wt.8d @maneof spical Amnanlvglss,lonm addlyerl dierpelishingeompesjtioasparti c

aci d, gl cta.?%n(fan‘?fd\gt%%p sszegnlm‘ﬂo;nés §s @%%or?&%'&:@}éﬂ ng
exanples of an am no hydroxybenzoi ¢ aci |ncIu e 3-amnosalicylic acid and
3- ami no- dessyatiSonyberlessiobsikieai Thushiba polishing Foneposiiiemgsn eemprise gilied idiane car boxyl i c
act ds 1 nCglf il b hey (36 bPun@ AbvBLABLih @ eidhibrkilidad Perthliifle B! | SHI NG

conposi tion of the enbodl nent can contain anﬁl sui tabl e anpunt of the
organi ¢ croliphingomposiianctar §omprise0.p wE. Vit Rt Cohiyb%ite 1 DNt CanWbérie &i n 0. 02 wt. %
or nore, @togorogvg@owh,@q%fmae 0.1 wt.%or nore, or 0.5 wt. %or nor e of
t he organlc carboxylic acid(s) Alternatlvel Qr in ad?ﬁﬁﬁfn

pol i shi ndf E’&r}r‘posﬂhFF'B?f‘R?&f?l"é(BFﬁf%‘?W age glloigialhy st lfssThe gerrg collo, 3'50)6’813 | ess, 3
Wt . % or | Q§gensieh Msilita 1dlé%$§theQﬁm&cdﬁﬁer%‘)&lmda@ﬁ&)l lf rdffietoargani c car bOXy| ic
acid(s). Thus, theﬂ?o sh |H!g TTEQSI dH@on can co &\%dl se.t he %6 anl e

car boxy! j Raintenagee gl thasuspens] Bf o dhesonighe T iRignysptiqn, an Sendpoi nt s
recited fohsidie dlgailyGiabif)@kst th€abaivel (splacediato aewaﬁplgexdﬁdm cpmides hi ng
conpositio rise.0 04 w.% or 0.1
Wb to. Pegyeais TR e fordumssta e e et e the bol | shi ng
conpos i ticncenfratidnef pdrticdés ire thio boliamest mbcxfﬂtearadsatedwlxmter Bl m termis pHY MY

am nophos i I I: el ect ed
fromthe %‘rlag% cgg%ﬁ%aglé?orﬁ o FerSﬂ{j‘thogtr% am n @'?rég?ﬂgldﬁé "gtehﬁs 0erhonl c

aci d), ang/md divided mmucymemommsxpmﬁ partigles ih)the abrasive composition ([C] in

di et hyl en@}.ﬁs'o@gnnﬁpfe@mm&tewwgmﬁ 0P &G 68): méséfe;ah@r@ef and

conbi nati ons thereof am nophosphonic acid is am no
tri (et hyvasef BHdIpidis lessa@pey equ&loaQ%,lavﬁewwmfgrm s leso HBB T 4B of t he
first enmbg@gi ment can contain any suitable anount of the am nophosphonl C
acid(s). an cally, the polishing conposition can co %al n % or
nore, e. gl®921d. 1 The PolisBing seypeesitign 20‘9&“ ovger rbhieawalgs is e t°v5f‘°“%“6f em)re of the

am nop hOS@ﬁﬁﬁhﬁn QhekbEakive Nrtlﬁésnadmvé@ﬁdfs) that intréasa dirérhé¥al rafelo€sifiédnj shi ng
conposi ti

can contain orles or 1 wt.%
or |ess o?“qtaﬂ\éma‘?“ﬁaﬁ%b‘ﬁééoplﬁﬁfﬁrécea?fladflg}s’le s g%“’ t#ﬁé”%%‘le‘{ rﬁlar'llﬁmc? osition can
conpri se Priefrablyl theph@sip deionicedaated(s) in an amount bounded by any two of the

o e nehR 8 e S BB OPRRTT B G SR D il e

W . | % hor fRliShing copbotich has a %i@f 7 bmora(ngmcsmﬂwpﬂ)oﬁve@ nxee preé)ablylmezmThe

pol i shi ng RN Sit [ or nore

sui tabl e ?gtglgpgg‘[ Ky gmségﬁ of [0 1;)(95”0%8 lﬁﬁhggﬂgﬂwé%gamgﬁﬁ?sal t preferably
conpr i sesopiiogalyicomaisentbadjusting ag@ntﬁ AfPreexyRRie) po@ssinmm M%gieoﬁnmonlm

tetramet hylaaimM-Hg n.hﬁtaelaetrny+<ﬁlemmom§bs1&&tdis% P@&Mﬁ@&)ﬁ&b&ké&% and

tetrabutyl'apmoni um The tetraa | ar nnoni um salt can have _any suitable
cation i neuisanShYystene Mapy et beflerige srylamp e dsll keawrgp thsert: JhePide, sul fate,

or hydr ogsuifetihd adefr caﬂsb@p sa&bmhﬁ&m@,agenhqsorteearﬁ;aalbleyﬂbam@mmwal t is a

tetraal ky nium h t ni tun hydr oxi de) .

[ 0029] Theﬂw%§ﬁmﬁ§"%wﬁ%6%ﬂ?‘1“5ﬁc'gf aP‘L‘S L'ferng:ﬁ‘ é E‘Bm % “@onpri se any
sui t abl e eviprisd angfsuitable aimehrt@fh KN hdjonaandion agpH buffe)ing abymt prahhgdthatlae pol i shi ng
conposition can contain 0.1 w.%or nore, e.g., 0.1 w.%or nore, 0.2 w.%
oinore, or 0.5 w.%or nore of the tetraal kyl anmoni um sal t(s).
Alternatively, or in addition, the polishing conposition can contain 5 w.%
or less, e.g., 4 wt.%or less, 3 Wm.%or less, 2 w.%or less, or 1 w.% or
| ess of the tetraal kyl ammoni um salt(s). Thus, the polishing conposition can
conprise the ' tetraal kyl ammonium salt(s) in an anount bounded by any two
of the above endpoints recited for the tetraal kyl anmonium salt(s). For
exanpl e the polishing conposition can conprise 0.1 WL%to 5 w.% 0.2 w.%
to 4 wt.% or 0.5 w.%to 3 m.%of the tetraal kylammoniumsalt(s). 8

[ 0030] A second enbodi nent of the inventive chem cal - mechani cal polishing




conposi tion provides a chem cal nechani cal polishing conposition consisting
essentially of or consisting of (a) 0.5 wt.%to 20 wt.%of silica, (b) 0.01
w. % to 2wetoftsisoa pol yam nocarboxylic acid, (c) 0.1 wpCHuseoid/owgss? of an
amne, (d) 0.1 wt.%to 5 w.%of a tetraal kylamoniumsalt, (e) 0.001 w.%
to 1 w.%of a diol conpound, (1) optionally a bicarbonate salt, and (g)
wat er, wherein the polishing conposition has a pHof 7 to 11. 100311The
pol i shing conposition of the second enbodi nent conprises one or nore

sui t abl e pol yam nocar boxylic acids. Phe term pol yani nocarboxylic acid as
used herein refers to a conpound having two or nmore am no groups and two or
nore car Q%}blelamoamnﬂxsgd Rupitieveldndbemaiaiy thetphieof del pglishingeompdsition| i ¢ acid is
selected fromt roup consisting of ethyl enedi am netetraacetic acid,

di et hyl ef8thH aasﬂﬁt‘?e“f’é% aacetic acid,

N- (hydr ofgeshy| Jefirstyenbodiohestrof the inviewtive thepricat >mgichamic4l polishingicarepdsition aci d,

met hyl gl CI n . of . More
or ef or abitg ER BREfGE mBRiflo BBy Loiiorn cRILERB Ay bORSALRERET

consi st i mg(abf) Sttty logfend Vaofisilise.dbr o t Sawti %l oban cagavisl carbokdicedd, (e.g., a
nmono-, di ri.o 0 ﬁﬁaq,q e o lo

pol i Shl né )062 Jgs/f' 'EO?{)‘#%%F b%bﬂb%ﬁ&ﬁc Mg {d?ng:l]%éaﬁggﬁr{g?fase any suitable
anount oftettah’éylpmmmnmﬁ@it;é?)IQBWP'i‘)Ca biedrhonaty saltr(fhontianally potassinpo| i shi ng

conposi t 'h?@roﬁn@@ aﬁ@@g @helr, %Q@m"t‘ﬁep&ﬂﬁng@@ﬁxﬁosuﬁngasa;ﬁ{a{ Mh1yo or nore, 0.2 w.%
or nore, Or Yo or nore of yam nocar boxyl i ¢ aci d(s

Al t er nat |[9‘8|4!/. Eﬂhe PolishipgiFamRgsition ‘Pféh 6¥‘|e§’ﬁ?4ﬁ'§e‘86?fﬁ‘l‘5§§ Qne Ghmerg suitEBiKt ai n 2 wt. %
or less, &gaﬂtc,cariao@h%el%& kalls @feSeof. Ol'he:br@nﬂé&:ar%x@ﬁc i&ﬁé&n@é att 1Ryl

polyamnoc yl.ic acid(s th ol i ition én conprise
t he pol yafﬁi 3 BBRW‘Y‘(F“&B%WE@S‘HFW %ﬁg%%b‘ﬂ?@ @%H _ gx:aqws %&B‘e‘i‘)f t he
above endpi thé groiednkigithefod C,-Chalkyh hipant) sibstitutddaind (€.g3 Gethy Bjninof-or exanpl e

th I 0,01 wt w.%to 1.5
i or GraEnapa e o o TnBos3F e olansls Wpreor Sraipd e 100301 e

poI ![ SB: Nngrganitadbbyilioacidfs atHyeros;e:arbntyhead)d)wgmnhhmramahydmscantmyliwagmor e

sui tabl e amin ude

oi per azi 118 W BRPRS pill it AnSKAEGh b by BHlsbARNE o REPyidie

(2-ami noenatbyky)lwzﬂdlrerabmhmge*ampéqs h&mmmxy@rwwmidamc}wée malonic

triethan ci%nfaﬂﬁ’acﬁtrmﬂc%gﬁ hitfc/iEia, aqé@ht%km@% KB acid,

t et r aet hyl ehepent am ne, ra2| ne, roxyet ydra2| ne, sem carbazi de,
hydr oxy| Znydexybutyristagid] WF‘%W saelis, ac‘é and 2iydiygenxyheproinasie,  and

0- car box gt ihitify amyisd &fEhi'&ﬁ;le M&acmaﬁeﬁaagyame BlQﬂn@B}dﬁﬁe iiysinB] perazine or
am noet hyl pi perazi ne. [0034] The polishing co 05| tion of the second

enbodi merfysteiah 1%%&?@8%&'9 %Eﬁ”ﬂ&lﬂ?‘é “&%‘lﬂﬁ‘tm thiagolacglis #fik s) . Typical Iy, the

pol i shi ng\l&xqmqsg é)da@plecmn@@moaiyﬂtoﬁyb@&omc%&ludemaﬁunosa.cganogac;d add1l wt. % or
nor e, %

por nore of the a rnatlvely,

or h addr T S Gy Neb e S AP e S 0@/?%31%*5? ess, e.q. .
4 w. %Ol’pldoﬁﬁﬁ,amaaﬁdm%nﬁi’cal:ndss 2 w.%or less, or | .%or less of the
am ne(s) i shin sitiaon ne(s) in an
anount bo[ua_%gd 6301%%\00"69 iR e ott'/rsetegn ofhttcg‘mr)oé]cf{angg‘ﬁggﬂlt he am ne(s).
For ex anpmeuttyd tlp@kgamhlcargoxybcrwd(s)t Tlurpowmgc;ompmsnts)e ch @Btawt0.05wtde5 wt. % 0.2

. % to or\Mor(y% 0p, OQW?/%m&r%eé%tht r%io?é o;@gwﬁm&%ﬁoﬂﬂeo&ghﬁgc-rhe pol i shi ng
conp05|t|on of Ehe second e onfpri'ses one or nore suitable
t et r aal kydatanylisiacid(ss oA ltematifely of @tad@aam(ghlemlrﬁbmg gemEasition ganFopwdnt t her eof

can be as,fwget Qe § Of widi®r febd, 5§t SRR, W%&ﬁes&hﬁ‘nm%&hésagnﬁ@rmom tion.
100361The pol'i shin osition of the second embodiment conprises one or

nore sui tABANE @Gibgx 9’66 s, ‘hFrPQ“ﬂ'i'rtSIcmBEfﬁtS’GBﬁ%P ©RRrissdhepfganiqi t abl e di ol

conpound @ﬂﬁx}l&&bn@? ) InYan ot bowdidél 13 ang AT MRAb&Ve eddpbinds WEIRU feramgpound.
Typi cal ly, H&c()und IS @fL F%or br anched- chai n % GLO di ol
corrpound °’$@W %y Hcﬁﬂ difperemplsytheofishing camposyion;can comprise 9, f¥t-4onc| ude

, 2- propan s vdieRl,05 Wt 2 b utva e oel0.0 wt. %l 3-wiensfalecorginid carbdxdicaeidgspne di ol , and
conbi nations thereof. Non-limting exanples of suitable 1, 3-diol conpounds
i nclude 1, 3-propane diol, 1,3-butane diol, 1,3-pentane diol, 2,4-pentane
di ol , and conbi nati ons t hereof.



100371The polishing conposition of the second enbodi ment can conprise any
sui tabl e anount of the diol conpound(s). Typically, the polishing
conposi t iwo 20am3eest ai n 0. 001 wt. % or nore, e.g., O0.005petr/Zav/omsse, 0.01
w.%or nore, or 0.05 wt.%or nore of the diol conpound(s). Alternatively,
or in addition, the polishing conposition can contain | wt.%or less, e.g.,
0.75 wt.%or less, 0.5 w.%or less, 0.25 wt.%or less, or 0.1 w.%or |ess
of the diol conpound(s). Thus, the polishing conposition can conprise the
di ol compound(s) in an anmount bounded by any two of the above endpoints
recited for the diol conpound(s). For exanple the polishing conposition can
conpri se (00281 Wlhe %ltsﬁmécmﬁpo%lo@oﬁ%ﬁrvﬁen%dxﬂeﬂ ciltaing orféoor MbreQuithblet . %0to 0.5
0381A third e of the inventive

w. % of th d i
cheni gal -aﬁ‘g'& ??PE%{‘I‘ n%%ﬁ’ls g %f%@lyc FABOeRhoghons n&l?é’%%#%%%é‘ﬁp mechani cal
pol i shi ngosgsvipgsf dth)dnmammme&&a(mghﬁmhdmmmqamm aotinoad(nsatigdénag of (a) 0.5

w.%to S f am, nocar boxyl i c
acid, (c) Q‘B%OH\;\/% Qc}i ) dl&gﬁgﬁ tré}ml}egén@a%m%l}ﬁyle k’y?s n%‘%)cna{?di S%lglﬂﬁ)e%o%(ﬂn& 0.1 m.%to
5 wt . % ofcomhinatiapa Hierso aMdére pieferablya the dminpphosphionic acid sl ami®, thi(methyléneo 5 wt . % of
an am ne, h(,%q.. 1995&1 nally a bicarbonate salt, and (g) water, wherein the

pol i shi n(f osl t| on has a pHof 7 to 11. The pol yam nocar boxylic acid,

t etraal kyIP%Dan@PrP@ﬁhmg comppaifiprofdbe firenepbpdimantican contain ayswiableand anount s
thereof caRLAiJRae ahxﬂxoblﬂﬁpﬂoﬁlc agdéwkﬁ?%e ﬁghsﬁlﬁgcdxﬂ%g%d c4ff contain

chem cal - mechani cal polish |n}:1 nposi tion can as recited herein for the
first and’%’&‘o@ﬂ”@%&eﬁ rfehs” @meWeO?WV’ér?EW@ ?f&ﬁ%h%ﬁgmeﬁﬁﬁ%l tion.
100391A fdauﬁaphosgmmcm@)tAﬂémztmayldavmamu@ ufélﬁmmlcnmgsshmlc&al pol i shi ng

conposi tion provides heni cal nechani c conposi tion consisting

essentl al Pplaige vy Brdﬁ5§1°s&1ln§“’b("°(lffs 9’15‘”6%’0/!)3?5&%2”6399!“"%%? hogic| j ca, (b) 0.02
.%to 53ci&(c,) Omfiq me;mmsm@g@mmaemnajamwmgmb@mmemmiomoﬁleaa&uﬁd an (C) f 0.05
.%to 2 WL%.0 n, am no ni c aci % of a

ot mal kAR el NP a0 R RS fuapin teciie o pibamhissiomic B 5) wat er

wher ei n theemipleslmphgsmngmbimmainmpas@o-bm%utDwﬂ.% 0.TheYawilisophosphoni c

emboi mor Bic e b a8 bt AP IReE el “hol Fohi ng conposi t1on can

be as _rep[DQM hé‘rhepcmsnmg corposition sftthesfirgeohbodimentgbmprives onevembieve pol i shing

conposi t 'sgﬂable[lgt%n%l-mlﬁ'nog%ﬂ s%{%)m:’l'hgge a&ﬁl{?&nﬂfn sa‘itg?ehér%m)? d' ment

conpri ses one or re suit ni trogen-contal nin ocyc |c conmpounds.

The ter mqqthn(ssg@tﬁd ﬁ@hﬂmgmungornétl@%Qfév@mptbyle@mpmumdeta@thxmmm| nrefers to

a 5- - 1tel%pro%yl%ﬂ@ﬁﬁ&danﬁ't&ﬂblﬁﬂ%ﬁxﬁmgmhWé tE8ha gﬁﬁnﬂ{onﬁm st @énttfaogﬁﬂ atons
cont al ned as art of e ri ngwést em |In an enbodi nent

ni t r ogen- %Wea‘iah‘?"rﬁd%%ﬁ’et?‘b&?} d toduypretidey chleride, P‘iOFl&Eoﬁ“@fate’l% a preferred

ermbodi rreniydmgmulmet MR GLénAMeR, HeRGralR}I/HAEMEh kst iS ? FERAMKGarhSorRiin
anm notri az Non [ i mt| glmexa ml es of sui tabl e am notri azol es i ncl ude

3- ani no- 1" °Zi‘d'€ (& e Seramethylalymopiymydropide); i 57| e- 5- car boxyl i ¢ aci d,

3-am no- E{OGTB[ c aThe pdlisRingd cdniposizion €f theffirst embodnmenl can comr;])nse anzgun:jable )
4-am no-5 4-tr.] az n.anot her. enbodi nent, the
ni t r ogen- co a?ﬁ"ler"le%a%\%%mgm%rpls@!(s? ﬁﬁ(’f@h’d egoléShfnﬁl"‘%’?%‘ng"’n KEYEOPRI ti ng
exanpl es ®f wsWiot abteee g.ho. hwo%es miore; D.Q she Yador anvre) oF G5 we vty Infohd afaled e,

2-am no t a a ot her SIo i ment, the
nit rogen%%%@gl ﬁ.}nﬁ%ﬁ %lg?)oc%hgfmmgbgm lul%'sthép lishi § OCVC HE’ oXi de

Non- i mi tqontgmé»ar?p)brdsssoefg sﬂwt"ébt bSShéwe%@cgp_ss Mt%qmssi@sl rwm&ﬂ ardess

2- hydr OXygpyel tgfaﬁ‘lﬁylmh%ﬁl ’salfts)nﬁ'}nﬁy lh lmﬁgé %Jﬁ%%l@éaﬂ%ﬁme nbo jcolinic acid

N-oxi de. [00411The pol1shing conposition © i ment can

conpri se ‘&fglkylammepine saliehin an yrounhhoupded by aryiive of tha pbava gndreintsresityd | i ¢

conpound. for'ﬁh@teﬁwmyﬂﬂhﬁtﬁuﬁ@ﬁne?'Fdr@ihnﬁi%ﬁh%&iﬂ&lﬂﬁékoﬁ:p@s%ndﬂtcar/%&ﬁprﬁpé‘? €.9.,
0.05 wt. % ar or nore of the

ni t r ogen-¥ohten W %\gﬂ hutBod yte or QOWAmHIEY of e ttralkylpmmpegiumy -

addi ti on,sali@e pol i shing conposition can contain 5 wt.%or less, e.g., 4
Ww.%or less, 3 wt.%or less, 2 wt.%or less, or 1 w.% or less of the

ni t rogen-contai ni ng heterocyclic conpound(s). Thus, the polishing
conposition can conprise the nitrogen-containing heterocyclic conpound(s)
inan 11




anount bounded by any two of the above endpoints recited for the

ni trogen-contai ning heterocyclic conpound(s). For exanple the polishing
conposi t iwo 20am3esmapri se 0.02 wt.%to 5 w.% 0.05 wt. %Pro/s20mw/o0%ssor 0.1
w.%to 3 wt.%of the nitrogen-containing heterocyclic conpound(s).
100421The polishing composition optionally further contains one or nore
bi carbonate salts. The bicarbonate salt can be any suitabl e bicarbonate
salt and can be, for exanple, potassium bicarbonate, sodi um bi carbonate,
ammoni um bi car bonate, or conbinations thereof. 100431The poli shing
conposition can contain any suitable amount of the bicarbonate sal t(s)
Typi cal | yjpo3ohe posecandientyodimem@s ihe imvenicathefifival-medthabicd) polishingo or nor e,

0.1 wt. % or i car bonate

Salt(s). AMPEYingerayifes  Hhemicef meifar B‘ﬁ‘Sh‘P%°“EP8F‘F%‘h‘i°HﬂS‘E‘8r?i?S‘éfl“*FY 8’2 can
cont ai N Sorwbnsising of (DS, wteds gp 30 wit. %/bf Ghicar(b) EGIswt.%B tod wimfal ess, . % or

| ess, or o] rhQ ) ol i shi ng
conposi ti or?)%'aré%ég%o ﬁﬁs%‘e icﬁghg‘ﬁc}?sfr&%o‘ﬁaﬁ?a% a&%s@%l%%gﬁoﬁn?o%ounded by
any two oftraalkalaminoriemenaltl §€)i010¢ wt.Sctotl ot % ofra dndieormomad,bﬁnmcmalbed t(s). For
exanpl e t 0 1 w.% 0.1
ot AR S 08 EARe M AReEBISRERIRE AR a ol T IR 1

bi car bond@@‘tal {Tihe polishing gemppisiiomef thessseand e@b?ﬁ@o@it F¢Im115@ﬁpt"i3 Qh'aPIIey further
cont ai ns RIASAMABEEAYIiORidsT e Rk boiritheSBIBAC A AuskArdipnt ai N any

sui tabl e apount "of potasSi um hydroxi de.” Typical I'y, the polishing
conposi t i TBRIscancunerad havins O%° Mmass apinggrewps agd gvo oraore Gagbosylisracidpr e, or 0. 25

or more ofroupel Befeiabiy Jﬂygél%ld&arbe&ﬁieramtslsmedtéafr&ﬁ the Qroﬁﬁ'@'éﬁsis% oft he
pol i shi ng ge (85|t|on can 8 gqn % or | ess, g. .%or less, 1

wt . % or amingiptrageelic agid diethylgnetgargingpentgacgtic "rcé’ss of pot a55| um hydr oxi de.
Thus, thm-pq)mcﬁyamempnmwnﬁnmcammaormrdnfaeemtﬂsmthmlwﬁkd&xude in an

anount bou cit.ed pot.assi um
nyar oxi aerdegfls BeRind e Ridr Bl Weus BERR Do e ReFemiBRaPELBEHEE " o6 ¢ o
1 wt. % Qs delested FotnahOgroup. d)zblsnﬂmgoflmb)%nbd)arﬂmmtrﬁqetloamﬂ)oﬂﬁsaMhe%Df@gQ 8 W . % of
pot assi urglgg%r Qﬁ(ltgie or[egé)%glll;[ll}gh& hi ng conposition optionally further
conpri ses one A ditivés. Such additives include any suitable
di sper si r{golezgentThe palishingsompfositiomsfethqseennd hmh@iméxyn@rcsmpriseraamdbmle bl ock, or
gradi ent’ Akl i pEORRMYIRIGRy AR Sﬂ,@gal s RE Eonffolitbd EanTBRARE! S (e. 9.,
pol yacryl ates, polynmethacry at es, vin cry ates and styrene acryl ates),
conbi nat | SHsVh BFBEE, ¢-garfl ¥eo 108 mplged 2t % comRer ol Wedsloemar@itheves i ncl ude

bi oci des. pova@mlat@sdxsiﬁc &mas)bmtaﬂmws 1 dr@bdditih, Qﬁé &ﬁsmxﬁg%nﬁxﬁm'cﬁm an
|soth|azoI|none b|00| e. The O|IS i ng nposition of the

i nvent i orfPRAI 258-p PEpitrelp lbfi/WLﬁ’)Pr o3y, P' %’é’&ﬁ?ﬁ H@W%W%'Fb%h'ﬂcch are

known t o delagseTiak) thd gilistifi ddipodiidn cal bcﬁn;iﬁl@é the bél?@nlﬁ&meﬁylfclagﬂﬁspﬁﬁn be
I shi ng

prepared in a bat ch. or cont uQusS pr.ocess al | t he

conposi t i GIRURDRusEd By aydvag 'gilatl%‘ﬁ%]dﬁ‘?‘?f@'ef ferdh‘i)%é"ﬁl‘%"ci‘r 8’9’@ in any
order. Thaeid(spr For' e%iﬂlhlhemllshlag;cdmdtlb}ﬁfmbmprﬁeb ud%% todiwepgoalwtiongr edi ent s
(e.g., si 0 ( Ig Nncreases rate of silicon,
tetraal ky %’ammn)cgfn aI?lg ﬁ(’“he%\%’iar’mgcaﬂt’ox;y/hcac' natl on of ingredients
(e.qg., silDO-’@h Jberpdishidg st)mnomabn oﬁtberseamésmbmnmmmaisesrcmber wbresi | i con,

t et raal ky, ﬂm%m le, in one

enbodi man'ltu the ghl'g} ﬁgghglgplg ;a%ﬁew?%ug%ge lqgﬂél&% %é%qp ani ¢ carboxylic
acid, ammmthsbrmnme admhyl-&rmumtlm@él(wmmbﬁ) Z@mlngahanoban t hen be added,
and m Xecktmolaﬂme 'E?eﬁﬂl%a&ﬂ@tmétﬁanﬁﬁ&\ﬂameﬁny%ednﬂﬁﬁé l&féﬁ@kh&ﬂarkﬂ@ conponent s

into the polishing conposition. O her cog[Boun s that I ncrease the renoval
rate of §F‘F"1"E‘é5‘r"u““§F‘PH’P'§? (hydrazire, Bbydipyyethylbydrazine; semniqarbagide. by drarylasming he

pol i shi nmmmpms}arb*mmér EmBAY 1hydhdxy BmiRERa B-dak R yHahyIRRIrdXyRARAeed prior to
use, W th one re conponents, such %]yl}glée pH. adj usti ng conponent, added

to the pol'?"SAI® byofPﬁ&E‘i"tel‘%ﬂp‘i’%”ce%é?"B? rgziney - within 7 days before
usle_, ﬁ_r vjpe3aj n I‘hhﬁ@lfshnb%i@ﬁ@snu&goftﬁerseWnﬂ b:gnot;ﬂmm mtoembﬁiecahsasmm},. The ]
pol i shi ng _conpasi tion 0. gan,be prepared by mxin conponents at the
Do face aPRRgY BeaRal IS ReAPh e PUBRRERRERrfth b irie bAS AR EPThe

pol i shing conposition also can be provided as a concentrate which is




intended to be diluted with an appropriate amount of water prior to use. In
such an enbodi nent, the polishing conposition concentrate can conprise, for
exanpl e, wolaooa34@wsconpound or conpounds that i ncreasespChhasc@onyssky rat e of
silicon, a tetraal kyl ammonium salt, and water in ampunts such that, upon
dilution of the concentrate with an appropriate anmount of water, each
conponent of the polishing conposition will be present in the polishing
conposition in an anount within the appropriate range recited above for
each conponent. For exanple, the abrdsive, conmpound or conpounds that

i ncreases the renoval rate of silicon, and tetraal kyl ammoni um salt can each
be presendg., il Wit ocmaeLN? wa%eor infdreor (Bdrmt%tor inbtof the aRdide(sNeSltentatigely, 3 ti mes,
4 times, 15 ti te t han, t ncentration
ect tod ABUAATES. dehelionREsifonstt Rl ARER SR LihoF BEES Gl | o e
wi th an eeptabr les) IJwe%@tlembnerw(%oglesso:Ztlmqmaie(si'oTlmsmbe;Wasrmlg 3 equal vol unes
O vaLer copBlRlcal QiEEnO LMD an S el by IR Blor LA O, 14, equal
vol unes of \R/ater res ctive conponent 1°8e resent in the

pol i shi ngenémnpbsmtqdcsw thwnam(sénﬁmamlt the polishiag c(am@engmsem cbmpmsh 0fove for
each COMRAREHs wIH!dIRLARS £ w25 ol b B HRLAICH IRAR: ,tar )those of ordinary 13
skill in the art, the concentrate can contain an a opriate fraction of

t he wat erl0935ks erfthe pofishing campesitiomef] thesssrang embedirant F?fﬂm’lsﬁsrpne pH@eret o ensur e

that the GRERAMBAIILmERIRAUARS Thb Rlrad IHBAHRS Jallah@ah &EPMEko @ Ge Of
silicon, and other suitable additives'is/are at least partially or fully

di ssol vedsFeritedfar the fisskembodiment of Sheaolishing cOMPSHOPon f ur t her provi des a met hod
of cheni qabdey- m@garsmag l:ofnmt.bxstsmtgseama YiBddimére caiffiiREs ohk BEmére) contacting

herorn " Rnfanlddi) cRmbonds Yar ioh mporsan By B9 Fuiblegh RNt o v Lh +ho

pol i shi ngysiciip@sa 1t 2-0idl ctohfpbﬁhetrmemmlmo(md i TypitaNyg tHerdighl adimﬂtﬁﬁdiis aa portion

of the substra t he, subst ra 100501Al t ho | shi ng
Corposi ¢ 11girer oan R Croh IR RS M BE Rt ) AabeT PR e
pol i shi ngompoqdsinthudnt ;-pr_oparetdmt,uualvdme dekfl 2tpentanet did, B pemsdne diyl, efd a

SVt 8 BRI 0P i QAT e L SABAMLRL Rl 0 (e
or it can %Homédlslt3l-bumimdlost!él‘peatsnephqu%p@ﬁdne dioh antbyeadinafienls bor on or
al um numgdcaddi tion, the silicon can be polysilicon. The inventive

pol i shi ng[ conposition and nethod of use thereof is suitable for the

pre- pol i A9y orThe pelishipg sompesitipnef; thrseeomd smbediment gaprcempriseanyy puiigbleed from

Silicon sinfpghtf teYifh @dn%)obt‘{d(g' Wﬂy %ﬁ%mu@rédmﬁaugh & doRinMbo1as wel | as
for edge polishing of silicon wafers and for use in the reclamation of

silicon vidfePsmeys. epﬁ}lq(soﬁl“i‘rg’“ °r[‘%%fPA(Wa°rﬂ’§§’é%8%??/5Wt%é"t“ﬁ(?é’htqe\%’l pol i shi ng
met hod ewambmtna(sy NAlkePatiSely) dN Pt 1 PIEGH, aﬂfim:gmgrdmupcedtot @ank@hdamn vstl% bcon wafers

after g hi.n l'ico er y to
rreasure gge’aqn%"r‘t h ot o(btl’ﬁb%f’ngeﬁng ‘%@ﬁ#%tﬂﬁé oy i"é?‘) Bddhing is to
det er M Nnecoimpeund@). UEhu fthel fobishixgy @@ mpbsition cARomprise twebledomp&nd(g intdhe aver age
{Tg‘xggg?]hgr%o?ﬁtbo%de& Efan?/ &Iy o} tﬁ%al@&e er{dgon%lh?eflt? d Tor ee (Ijholccg oun ik gafl me poi nt
pol i shi ngpxmamidﬂwdpplsﬁhtnbeorammtmn capfcomptise 10i 041 wt%rm\red%,ﬁoﬁi wt%nsodﬁrer t hat
sane ting,s Q%‘?OOY‘M@’&B%MG/SH&&S&%&E&S{& J.n nanoneters. Referring to the
Figure, R represents he 1'ar gest to valley height in a given sanpling
| ength L0838l RA thsgerakadiment eabe tamﬂwéremrcalsn@hanml ishipg,compegitient guous
sanpl i ng dogi Pgiebﬁ cheﬁﬁ&phmbd?xgml:ﬁ?mshmbcén%oﬁ‘lﬂprf wﬁktﬁ(;fﬁ:%%ks\ém%llm orSui tabl e

t echni ques neasur e cal ation of R) include

styl us prCGPﬁ‘SI“B%f(PX/OS’Bb‘g'lt%a?wb?/c?lfﬂ?ﬁﬂr@?PQl Whtdo At o 3f or ce ni cr oscopy.

Sui t?blble gopstardétmwxs}nmrd ewhlmwrogfmh/oa@tzétwaagdmﬂphiumhu RAX. I Wwonet ry are
aval laple 1.ro

Veeco J.nst nt s ai Desirably, the
i nvent i vé°pait r"?s‘rﬁangfgﬁ’@t Frsbpxylisap gegelﬁmaafx r]Jy ﬁlﬁf‘y\%a‘ké‘t“de I ess, that
is, substdpabrellnahmmmgrsalprayd (g$ weatei, Wiéreid mrpangna@ compésitphbystplbter use of

the i nvery bk PR anA PR i e b R sl St Bboe Aog. © "

chem cal - nechani cal poli shing apparatus Typically, the apparatus conprises
a platen, which, when in use, is in notion and has a velocity that results
fromorbital, linear, or circular notion, a polishing pad in contact with
the platen and noving with the platen when in notion, and a carrier that

hol ds 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 substrate being placed in contact with the
polrshrng pad and the polrshlng conposrtlon of the |nvent|on and then the

o o, o M o, o o v o o o o, o,



wi th any suitable polishing pad (e.g., polishing surface). Suitable
pol i shing pads include, for exanple, woven and non-woven polishing pads.
Mor eover ,weuntiaiBkssspol i shi ng pads can conprise any suit abiraspaboynsss? of
varyi ng density, hardness, thickness, conpressibility, ability to rebound
upon conpression, and conpression nodul us. Suitable polyners include, for
exanpl e, pol yvinyl chloride, polyvinylfluoride, nylon, fluorocarbon,

pol ycar bonat e, pol yester, polyacrylate, polyether, polyethylene, polyam de,
pol yur et hane, pol ystyrene, pol ypropyllene, coforned products thereof, and

m xtures thereof. Hard pol yurethane polishing pads are particularly useful
i n-conj uruhtiixa)md/untohm‘s therebfuoanined i thothirdsémbogdinrent dfaick infededheiamalr abl y, the

chemi cal hani c ol i shi appar at us A ses .an in situ
pol i shi ng’“%ﬁ%ﬁbcc?} ?ﬁ's'ﬂ cé(’érfpoﬁ)'ﬁg%%?g "G dI)ereuF PO\AH}e rerg‘r"ie *R¥%wn in the art.
Techni queembbdumentnsmetrwaglvaminshing\i:mim@ t he polishing process by anal yzi ng

light or ghder rﬁﬂh&ﬁk dfrﬁgnkw hefn &[Eﬁ@raé&i%éﬁ il pdli Eﬁ f&?@%&@&ne bei ng

pol i shed ‘are’ known s are descri r exanple, in
U.S. Pat eprovidgs ml&nw@mewascalrpawm cOMPPREOBENsistingSssepially nf orsoliyng 11, U. S.

Pat ent 5, 0 W 4oy, { n 842, U. S. Patent
5a8§g 447&{% Qﬂﬁ a'%& e%t tg? g%ﬁcgggﬁ@% ‘Jét%lg)atent OPQL%ée %Zéﬂ. . Pat ent aen

5, 949, 927hetesmdcll9 cgnpquad.den0.05 g4 togst. % plagy %lmpyosphmc 1cits (s O iv6 %6 or

moni tor i ng,of M@Mn@%ﬁ&xm salith@) ﬁﬁbﬁaﬁ?hﬂﬁaﬂ&ﬁ&%ﬁﬁ amt whiSS RR&GEint 0 @
substrate being polished enabl es erm nation of e polishing

end- poi nttheP"l'éhmg ?Q‘T@oﬂ%?'ﬂfaﬁri’ﬁgt"fﬁﬁ’ i T%@W“?R?"’EP@PW?%‘% e the polishing

process %&dalkzammmtseu And &hdunGUheddof Sdnbided @t @e foﬁlﬂﬁ)éﬁmmenieﬁth@w ng
exanpl es further i]l ust i nventi.on bu

ate t | d not be
constr ued‘“‘é“é‘“Yethﬁ‘ﬁS‘ial\AB"fF’?W“?ﬂ q‘ﬁlﬁng fopagean E’e.L‘g’ r pn FOT?’&%%] Thi s
exanpl e Cki‘rimm&feﬁtaifﬂ& lﬁ\hﬁtn&fpfo%ing(lf)mﬂmu@ﬁ gani ¢ car boxyl ic acid, an
am nophos ni um aIt on the removal rate and

|
surface r@&g)ﬂnes is“é'r“%é?f“‘?o(g o} ?"Ia‘ ec?éh"%"::% Ve mgc?f's VDI Dy the
pol i shi ngsumthmosogenmmmﬁmg he}erpmmmdnpmndf OUE'te}r@emmgers-nmtdnang substrat es,

whi ch s Ubl§eier B&ﬁ c&ﬁ@%ﬁh ﬁfﬁse&ggeiﬁ P a%c og'7 ?I{%glled 8&%&%@%&' licon

wafers, were seven erént I'ng C I ons
(Pol i shi nigviBe RO imdrowigogeAADEs comamed@ﬁ partaf tlpcﬁngsvﬂtemg Ia@wpmquummS cont ai ned

1 wt. % sigl Hx?roé’é’ﬁ oaalﬂﬁgﬁael%&,lca.eéon(md @91;@901@0%9%%&&&9 @ﬁ.bad“mer;k %,e lD and

| F) or funed sil |ca( 't shi'ng Conpositions . %
t et r amet hyIeaePrsPNAIRS heteresyelircompagndas mamigotiazelet Neas|ipAng P’éa&?%ﬁét e | n wat er

at a pH ofyitddle smindtRARDINGRIACRARMASI 11 ARadofe, § GAMRANES-in48dle-51ebbBBlic cont ai ned
0. 017 wt. % et hyl enedi am netetraacefic acid and 0. 067, wt %gl er a2| ne.

Pol i shi Nt ABEerTBFEaPiRL.1.4 Wigrplerasd +aminom-hdizmod St WP“%
di et hyl engibihtediibogiRRM &t fiiopsr-ARINMAASBIEYIE coijotid i8 8 thiaBleor gani ¢

car boxyl i cid, whic s.eit % maJ on caC|d Pol i shin :
Corrpos?/t |’§?f§l"ﬁ‘3"%ﬁﬁnpg?tgﬁsﬁftg’é°7‘“§%°]?‘? i@\é\%@m{&?’ dmf 'afﬂ'iené Conposi tgl ons | D
and 1E), Dﬁmﬁo-ﬂi&ﬂoaﬁlez&‘etmbidcanacmﬂlzdlePdh axﬁiﬂtengnl(&dnmslthel ons |F and 10).

[ 0058] Fol |, “%orRa%hSF tergd cflch%mrpg%%y%l heﬁe%cga ic ehfomﬁé o dﬂﬂnﬁﬁg the magni tude

of the chan‘g)fée" A hano ermne ach of the
pol i shi ngexamnlpmﬁsumabltsheteﬂdogcllc%cmdes inglude Z-hydrenypyretinetNroXidhl e | . Tabl e |

Pol i shi ng, COMPRRIHbRAR-okid€ AR FESMYkia RebGael A/ M N)

[0041]  The polishing composition of the fourth embodiment can comprise any suitable
amount of the nitrogen-containing heterocyclic compound. The polishing composition can
contain 0.02 wt.% or more, e.g., 0.05 wt.% or more, 0.1 wt.% or more, or 0.5 wt.% or more
of the nitrogen-containing heterocyclic compound(s). Alternatively, or in addition, the
polishing composition can contain 5 wt.% or less, e.g., 4 wt.% or less, 3 wt.% or less, 2 wt.%
or less, or 1 wt.% or less of the nitrogen-containing heterocyclic compound(s). Thus, the

polishing composition can comprise the nitrogen-containing heterocyclic compound(s) in an
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amount bounded by any two of the above endpoints recited for the nitrogen-containing
heterocyclic compound(s). For example the polishing composition can comprise 0.02 wt.%

" to 5 wt.%, 0.05 wt.% to 4 wt.%, or 0.1 wt.% to 3 wt.% of the nitrogen-containing
heterocyclic compound(s).
[0042] The polishing composition optionally further contains one or more bicarbonate
salts. The bicarbonate salt can be any suitable bicarbonate salt and can be, for example,
potassium bicarbonate, sodium bicarbonate, ammonium bicarbonate, or combinations thereof.
[0043] The polishing composition can contain any suitable amount of the bicarbonate
salt(s). Typically, the polishing composition can contain 0.05 wt.% or more, e.g., 0.1 wt.% or
more, 0.25 wt.% or more, or 0.5 wt.% or more of the bicarbonate salt(s). Alternatively, or in
addition, the polishing composition can contain 5 wt.% or less, e.g., 4 wt.% or less, 3 wt.% or
less, 2 wt.% or less, or 1 wt.% or less of the bicarbonate salt(s). Thus, the polishing
composition can comprise the bicarbonate salt(s) in an amount bounded by any two of the
above endpoints recited for the bicarbonate salt(s). For example the polishing composition
can comprise 0.05 wt.% to 1 wt.%, 0.1 wt.% to 4 wt.%, 0.25 wt.% to 3 wt.%, or 0.5 wt.% to 2
wt.% of the bicarbonate salt(s).
[0044] The polishing composition optionally further contains potassium hydroxide. The
polishing composition can contain any suitable amount of potassium hydroxide. Typically,
the polishing composition can contain 0.05 wt.% or more, e.g., 0.1 wt.% or more, or 0.25
wt.% or more of potassium hydroxide. Alternatively, or in addition, the polishing
composition can contain 2 wt.% or less, e.g., 1.5 wt.% or less, 1 wt.% or less, 0.8 wt.% or
less, or 0.6 wt.% or less of potassium hydroxide. Thus, the polishing compoéition can
comprise potassium hydroxide in an amount bounded by any two of the above endpoints
recited for potassium hydroxide. For example the polishing composition can comprise 0.05
wt.% to 1 wt.%, 0.1 wt.% to 2 wt.%, 0.1 wt.% to | wt.%, or 0.25 wt.% to 0.8 wt.% of
potassium hydroxide.
[0045]  The polishing composition optionally further comprises one or more other
additives. Such additives include any suitable dispersing agent, such as, for ethple,
homopolymers or random, block, or gradient acrylate copolymers comprising one or more
acrylic monomers (e.g., polyacrylates, polymethacrylates, vinyl acrylates and styrene
acrylates), combinations thereof, and salts thereof. Other suitable additives include biocides.

The biocide can be any suitable biocide, for example, an isothiazolinone biocide.
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i nventive polishing conpositions exhibited a change in surface roughness

caused by polishing that

ranged froma 16 decrease in surface roughness of

approximately 0.2 nm (Polishing Conposition 1F) to an increase in surface
roughness of approximately 0.4 nm (Pd?%ishing Conpositions ID and 1E), while
t he conparative polishing conposition exhibited an increase in surface
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used herein mcludes individual ingredients (e.g., silica, compound(s) that increases the

removal rate of silicon, tetraalkylammonium salt, etc.) as well as any combination of
ingredients (e.g., silica, compound(s) that increases the removal rate of silicon,
tetraalkylammonium salt, buffers, etc.).

[0047] For example, in one embodiment, the silica can be dispersed in water. The
organic carboxylic acid, aminophosphonic acid, and tetraalkylammonium salt can then be
added, and mixed by any method that is capable of incorporating the components into the
polishing compaosition. Other compounds that increase the removal rate of silicon similarly
can be utilized in the preparation of the polishing composition. The polishing composition
can be prepared prior to use, with one or more components, such as a pH adjusting
component, added to the polishing composition just before use (e.g., within 7 days before
use, or within 1 hour before use, or within 1 minute before use). The polishing composition
also can be prepared by mixing the components at the surface of the substrate during the
polishing operation.

[0048] The polishing composition also can be provided as a concentrate which is
intended to be diluted with an appropriate amount of water prior to use. In such an
embodiment, the polishing composition concentrate can comprise, for example, éilica, a
compound or compounds that increases the removal rate of silicon, a tetraalkylammonium
salt, and water in amounts such that, upon dilution of the concentrate with an appropriate
amount of water, each component of the polishing composition will be present in the
polishing composition in an amount within the appropriate range recited above for each
component. For example, the abrasive, compound or compounds that increases the removal
rate of silicon, and tetraalkylammonium salt can each be present in the concentrate in an
amount that is 2 times (e.g., 3 times, 4 times, 5 times, 10 times, or 15 times) greater than the
concentration recited above for each component so that, when the concentrate is diluted with
an equal volume of water (e.g., 2 equal volumes water, 3 equal volumes of water, 4 equal
volumes of water, 9 equal volumes of water, or 14 equal volumes of water, respectively),

each component will be present in the polishing composition in an amount within the ranges

set forth above for each component. Furthermore, as will be understood by those of ordinary

i sed 102



circular silicon wafers, were polished with three different polishing
conpositions (Polishing Conpositions 2A-2C). Polishing Conposition 2A
(compar atwoepiiosmoai ned 1 wt . % wet - process silica, 0.01BCTWS2060/048587

et hyl enedi am netetraacetic acid, 0.067 wt.% pi perazine, 0.27 wm.%

t or anet hyl ammoni um hydr oxi de, and 0. 05 wt. % pot assi um bi car bonat e.

Pol i shi ng Conposition 2B (invention) contained 0.85 wt.% wet-process
silica, 0.02 wm.% ethyl enedi am netetraacetic acid, 0.083 w. % oxalic acid,
0.2 wt.%tetranet hyl ammoni um hydroxi #, and 0.1 wt. % pot assi um bi car bonat e.
Pol i shing Conposition 2C (invention) contained 0.53 wt.% wet-process
silica, Gkilllibtheatt, he anbontrata egh @ntainah eppreppiaetiiactionoil the watedprésent inheoxal i
acid, 0.087, wt..%0tetranet hyl ar moni r.oxi Q5 . % pot assi um
bi car bongf?‘éﬂ. %'%@%Eﬁﬁ"&%'%ﬁ%ﬁ% F"srlﬁlfénrmgal,{%lg ﬁgtééogﬁn%?/'gﬁggp g‘fngg’sm\%r silicon and
t he nmagniitueiee(ofthe remoh ey silicom amictthepautaklp additivaRis/dre aplease patgsllyromi ned f or

each of t[{] & f§J‘iin'?l§éc%9 itions. The results are summuarized in Table 2..
Table 2 Po'l%f s%lor\{ Conpos@?%% Silicon Renpval Rate &A/m' n) ARA (nnm) 2A 6700
¢

4 2B 59000049] 2 C Thg ingentipn further provides a method(of chemically-mechanically polishing a
substrate comprising (i) contacting a substrate with a polishing pad and the polishing
composition described herein, (ii) moving the polishing pad relative to the substrate with the
polishing composition therebetween, and (iii) abrading at least a portion of the substrate to
polish the substrate.

[0050]  Although the polishing composition of the invention can be used to polish any
subétrate, the polishing composition is particularly useful in the polishing of a substrate
comprising silicon, for example, silicon wafers used in the electronics industry. In this
regard, the silicon can be undoped silicon, or it can be doped silicon, such as p-type silicon
doped with boron or aluminum. In addition, the silicon can be polysilicon. The inventive
polishing composition and method of use thereof is suitable for the pre-polishing or the final
polishing of silicon wafers as produced from silicon single crystals by diamond sawing and
rough grinding, as well as for edge polishing of silicon wafers and for use in the reclamation
of silicon wafers by polishing. '

[0051] Advantageously, the inventive polishing method exhibits improves
nanotopography when used to polish silicon wafers after lapping and etching of diamond
sawed silicon wafers. One way to measure change in nanotopography during
chemical-mechanical polishing is to determine the value of the parameter: AR /d wherein
R, is the average maximum height of the profile, AR, is the change in R, from one time point
to another time point, e.g., before and after chemical-mechanical polishing, and d is the
amount of material removed in microns over that same time span, with the result expressed in
nanometers. Referring to the Figure, Rn.x represents the largest peak to valley heightin a
given sampling length L, and R, represents the average of 5 R values in 5 contiguous
sampling lengths. Sampling length L is approximately 5 mm. Suitable techniques for
measuring R, (to enable the calculation of R,) include stylus profilometry, optical
profilometry, and atomic force microscopy. Suitable instruments for stylus profilometry and
optical profilometry are available from, e.g., Veeco Instruments (Plainview, NY). Desirably,
the inventive polishing method results in a AR, / d that is zero or less, that is, substrate

nanotopography is either unchanged or improved after use of the inventive polishing method.



[ 00631As is apparent fromthe results set forth in Table 2, the inventive
pol i shing conpositions exhibited silicon renpoval rates that were

appr oxi mawvel2y1183%0s80 88% of the renoval rate exhibited lpgTiUuseoioonwgsar ati ve
pol i shing conposition, yet the inventive polishing conpositions exhibited a
decrease in surface roughnesscaused by polishing of approximately 17 4 nm
and 7 nm as conpared to an increase in surface roughness caused by
polishing with the conparative polishing conposition of approximtely 4 m.
EXAMPLE 3 [0064] Thi s exanpl e denonstdétes the effect of an organic
carboxylic acid, a polyam nocarboxylic acid, an am ne, and a

t et r aal kyjoeszion i'mnapslahihg aiethbdh f theivantion i ﬁirﬁclﬂaﬂjr sfitedf farase inogjameiss obser ved

f or SI|ICO bstrate ble by t n onposi.ti on, of the
i nvention a(fg‘ YOS r °§'S P Eu%geyp\%ﬁl ycﬁ’ B‘%ﬂ%ﬁ’sa?@g"seﬁﬁﬁ? Bed 102 cm
(4 inch) \ehnanwhermcser tsu:i @mptigi dnd bora veltiertbat reseitsrqrobrbsdidohean érivirtvdr di f f er ent

pol i shi ”%&Bﬁgﬂﬁ)‘l&ﬂ dbi &k{aﬁmlg:%e%ﬁ Hogﬂ?w%ﬂ?eqﬁlat%@'hen Rpl 1 shing

Conposi tions cont al ne ocess ‘sl 0167 w . %
et hyl enednetionrad ecarserdbat heldsxsulistra@ 19 bapwwshe%p conaacting and, mcﬂmzihwvt

tet ramet hyh JoERaAHEd LR l:@'&hheaﬂ%ﬁsh% S)Qd V\helﬁb ﬁﬁﬁ;@%’?l}.‘égﬁ lgb%%%p&na% benzilic

Pol i shi ng Conposition 38 (invention) further confaine

aci d. [ OOU®E kpthe sylistizje pring Risried i contaet with the\palishingtpad arfdghe polishiegon and t he

magni t udeophodidta o@m@n%mnom aR@iMeq @OBGIIRRDYad i reldVeqo BB SsEALIGE for each
of the polishing ositions. The results are sumarized in Table 3. 18
Table 3 ast abrade atl st a portion of the substrate to polish the substrate.

[0053] A substrate can be polished with the chemical-mechanical polishing composition
with any suitable polishing pad (e.g., polishing surface). Suitable polishing pads include, for
example, woven and non-woven polishing pads. Moreover, suitable polishing pads can
comprise any suitable polymer of varying density, hardness, thickness, compressibility,
ability to rebound upon compression, and compression modulus. Suitable polymers include,
for example, polyvinylchloride, polyvinylfluoride, nylon, ﬂuorocai‘bon, polycarbonate,
polyester, polyacrylate, polyether, polyethylene, polyamide, polyurethane, polystyrene,
polypropylene, coformed products thereof, and mixtures thereof. Hard polyurethane
polishing pads are particularly useful in conjunction with the inventive polishing method.
[0054] Desirably, the chemical-mechanical polishing apparatus further comprises an in
situ polishing endpoint detection system, many of which are known in the art. Techniques
for inspecting and monitoring the polishing process by analyzing light or other radiation
reflected from a surface of the substrate being polished are known in the art. Such methods
are described, for example, in U.S. Patent 5,196,353, U.S. Patent 5,433,65 1, U.S. Patent‘
5,609,511, U.S. Patent 5,643,046, U.S. Patent 5,658,183, U.S. Patent 5,730,642, U.S. Patent
5,838,447, U.S. Patent 5,872,633, U.S. Patent 5,893,796, U.S. Patent 5,949,927, and U.S.
Patent 5,964,643. Desirably, the inspection or monitoring of the progress of the polishing
process with respect to a substrate being polished enables the determination of the polishing
end-point, i.e., the determination of when to terminate the polishing process with respect to a
particular substrate.

[0055] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.



Pol i shing Conposition Silicon Renoval Rate (A/min) AR /d (nnm) 3A 6250 6 3B
2550 -6 [0067]As is apparent fromthe results set forth in Table 3, the

i nvent i vewpabiigisuseg conpositi on exhibited a silicon renpealusec@bp4dsiat was
approximately 42% of the renpval rate exhibited by the conparative
pol i shing conposition, yet the inventive polishing conposition exhibited a
decrease in surface roughness caused by polishing of approximtely 6 nm as
conpared to an increase in surface roughness caused by polishing with the
conpar ati ve polishing conposition of lapproximately 6 nm EXAVPLE 4
100681Thi s exanpl e denonstrates the effect of a diol conpound, a

pol yam nocar boxylic acid, an am nEXAMBLE & tetraalkylannnniun1salt on the

renoval r and.,.sur rou ) r substrates
achi evabl@%& tﬁ‘g's ex{mpq%demongg%ggg’ ieﬁ.? °§gf% g%“h% car%xé'l 9°d [0069] Two simlar
subst r at eminoph¢sphonga Aok arataembmpmh@ednxﬂlzom l(emovahmE) andlsmfmt: er circular

silicon | ositions
(Pol i g G o B RO RSt ek R O BT Snp R oG 4

cont ai nednveny@n. 9% wet - process silica, 0.0167 w.% et hyl enedi am netetraacetic

acid, 0. 36175% Y RnREK AL EubSiratdd; @mcmbs%h{ee& ng%dhnbamm‘b Midheel; oxi de, and

0.05 wt. ssi um bi car bonate. Pol i shing gsition glnventlon)
further cﬁb‘ﬁl‘]&r stlican walgrsgweie Pojishedvifhseyen Hé&reaf POélﬁh%g compogiiess (Rabisiietind)
Compositions 1A-1G). All of the polishing compositions contained 1 wt.% silica

wet-process silica (Polishing Compositions 1A, 1B, 1D, and 1F) or fumed silica (Polishing
Compositions 1C, 1E, and 1G), 0.27 wt.% tetramethylammonium hydroxide, and 0.05 wt.%
potassium bicarbonate in water at a pH of 10.5. Polishing Composition 1A (comparative)
further contained 0.017 wt.% ethylenediaminetetraacetic acid and 0.067 wt.% piperazine.
Polishing Compositions 1B-1G further contained 0.033 wt.%
diethylenetriaminepenta(methylene phosphonic acid) and an organic carboxylic acid, which
was either 0.08 wt.% malonic acid (Polishing Compositions 1B and 1C), 0.067 wt.% lactic
acid (Polishing Compositions 1D and 1E), or 0.107 wt.% malic acid (Polishing Compositions
IF and 1G). |

[0058] Following polishing, the removal rates for silicon and the magnitude of the change
in nanotopography, AR,/d, were determined for each of the polishing compositions. The

results are summarized in Table 1.

Table 1
Polishing Composition | Silicon Removal Rate (A/min) | AR./d (nm)
1A (comparative) 6500 ’ 6
1B (invention) 5700 0
1C (invention) 5200 0.1
1D (invention) 5150 04
1E (invention) | s6s0 0.4
1F (invention) 5700 -0.2
1G (invention) 5400 0

[0059] As is apparent from the results set forth in Table 1, the inventive polishing
compositions exhibited silicon removal rates that were approximately 79% to 88% of the
removal rate exhibited by the comparative polishing composition, yet the inventive polishing

compositions exhibited a change in surface roughness caused by polishing that ranged from a



100701Fol | om ng polishing, the renoval rates for silicon and the magnitude
of the change in nanotopography, ARz/d, were determ ned for each of the
pol i shi ngvoaopasigosons. The results are summari zed i n Teblrasdo10Daske 4
Pol i shing Conposition Silicon Renoval Rate (A/mn) AR /d (nm 4A
(conparative) 5350 -0.5 4B (invention) 4375 -5 [00711As is apparent from
the results set forth in Table 4, the inventive polishing conposition
exhibited a silicon renoval rate that was approxi nately 82% of the renova
rate exhi bited by the conparative polléshing conposition, yet the inventive
pol i shing conposition exhibited a decrease in surface roughness caused by
pol i shi ngletxkase putfXdettighhdgs &f approxia@tely 0.2 nm (Polishing Composition 1F) to an

increase in surface roughness of approximately 0.4 nm (Polishing Compositions 1D and 1E),
while the comparative polishing composition exhibited an increase in surface roughness of

approximately 6 nm.

EXAMPLE 2
[0060] This example demonstrates the effect of an organic carboxylic acid, a
polyaminocarboxylic acid, and a tetraalkylammonium salt on the removal rate and surface
roughness observed for silicon substrates achievable by the polishing composition of the
invention.
[0061] .Three similar substrates, which substrates comprised 102 cm (4 inch) diameter
circular silicon wafers, were polished with three different polishing compositions (Polishing
Compositions 2A-2C). Polishing Composition 2A (comparative) contained 1 wt.%
wet-process silica, 0.0167 wt.% ethylenediaminetetraacetic acid, 0.067 wt.% piperazine, 0.27
wt.% tetramethylammonium hydroxide, and 0.05 wt.% potassium bicarbonate. Polishing
Composition 2B (invention) contained 0.85 wt.% wet-process silica, 0.02 wt.%
ethylenediaminetetraacetic acid, 0.083 wt.% oxalic acid, 0.2 wt.% tetramethylammonium
hydroxide, and 0.1 wt.% potassium bicarbonate. i’olishing Composition 2C (invention)
contained 0.53 wt.% wet-process silica, 0.0167 wt.% ethylenediaminetetraacetic acid, 0.007
wt.% oxalic acid, 0.067 wt.% tetramethylammonium hydroxide, and 0.05 wt.% potassium
bicarbonate.
[0062] Following polishing, the removal rates for silicon and the magnitude of the change
in nanotopography, AR,/d, were determined for each of the polishing compositions. The

results are summarized in Table 2.

Table 2 :
Polishing Composition Silicon Removal Rate (A/min) AR,/d (nm)
2A 6700 4
2B 5900 -4
2C 5500 -7

[0063] As is apparent from the results set forth in Table 2, the inventive polishing
compositions exhibited silicon removal rates that were approximately 82% to 88% of the
removal rate exhibited by the comparative polishing composition, yet the inventive polishing

compositions exhibited a decrease in surface roughness caused by polishing of approximately



19 conpared to a decrease in surface roughness caused by polishing wth the
conparative polishing conposition of approximately -0.5 nm 100721Preferred
enbodi nenwe 20f1/d3lig08 | nventi on are descri bed herein, inclpgtiusgothessBest node
known to the inventors for carrying out the invention. Variations of those
preferred enbodi nents nmay becone apparent to those of ordinary skill in the
art upon reading the foregoing description. The inventors expect skilled
artisans to enploy such variations as appropriate, and the inventors intend
for the invention to be practiced othErw se than as specifically described
herein. Accordingly, this invention includes all nodifications and

equi val entsn afd 7tdm=, ascdnjpaeti torah tnenreaseecsiutm roughhdsecantedibypoishipgnadd hereto as
permtteqh %g oPs 2 ol AW “on g any gonbl nati on of the

above- des¢r H’@ ht§ PHPEONS, %‘?fdﬁf"é riations thereof is enconpassed
by the invention unI ess otherw s Mg ted herein or otherw se clearly
contradi cted by context. 20 CLAI chem cal - mechani cal pol i shing

conposi t i [8¥4E on Jiusexamppledemonstyaiss (e effect of agorggnis copboxyie acihd wt. % of sili ca,

(b) 0. 02 zaeﬂyan{enb&r&xymo 84d0hn SRiRe, Bhd A’r@ﬁ&nkgragmmmcsan b.omxlrénﬂ‘ovaﬁatdand (c) 0.05
.%to 2 w.%of on nor e am nophosphonj c, a Il w.%to 5 wm.%

of one orSUHsE Eougages W‘Hﬂ‘rﬂf’ﬁ"ﬁ sbslEtes §Ch“("é9]e B’btc[’f‘ aﬂ&hwg CWS@)‘P“ fbr e

bi car bonakeingalibs, (f) optionally pot aSSI um hydr oxi de, and (g) water,
wherein t[90665P0| i_l%fgl n%lar sub! t(r)a%e!s:[ \!Vlg& su strates ol_rllp%fsed 105 gm](} inch) diameter
circular silicon wafers, were polished with two different polishing compositions (Polishing
Compositions 3A and 3B). Polishing Compositions 3A and 3B contained 1 wt.%
wet-process silica, 0.0167 wt.% ethylenediaminetetraacetic acid, 0.067 wt.% piperazine, 0.27
wL.% tetramethylammonium hydroxide, and 0.05 wt.% potassium bicarbonate. Polishing
Composition 3B (invention) further contained 0.033 wt.% benzilic acid.
[0066] Following polishing, the removal rates for silicon and the magnitude of the change
in nanotopography, AR,/d, were determined for each of the polishing compositions. The

results are summarized in Table 3.



2. The polishing conposition of claim11, wherein the polishing conposition
contains 5 wt.%to 20 wt. % of silica. 3. The polishing conposition of claim
2, wher eiwotbe/@a@osshi ng conposition contains 10 w. % t @cTASed10fassi7 sil i ca.
4. The polishing conmposition of claim1, wherein the silica is wet-process
silica. 5.The polishing conposition of claim1, wherein the silica is funed
silica. 6.The polishing conposition of claim1, wherein the polishing
conposition contains 0.1 w.%to 2 w.%of organic carboxylic acid. 7.The
pol i shing conmposition of claim1, whé#8ein at | east one organic carboxylic
acid is a hydroxycarboxylic acid. 8.The polishing conposition of claim?7,
wher ei n tﬂg e@ gani c car boxyl | c aC| dis an ali phat i ¢ hydroxycarboxylic acid.

9. The polp DIII My CoNpPosSTtTon Cta Ill(i ( rernTthreorgamc carboxyl ic acid
is sel ect.&ﬂm&%&‘é‘]ﬂa@; 1 Mﬂ%—.h*d.r.mbmyrl c

acid, benanlic acid, and copt@seati ons thereof. 16. The polishing cgmposition
of claimfig wherein at |east{,gge organic carboxylgc acid is a
hydr oxybemnzort—acid:

[0067]  Asis apparent from the results set forth in Table 3, the inventive polishing
composition exhibited a silicon removal rate that was approximately 42% of the removal rate
exhibited by the comparative polishing composition, yet the inventive polishing composition
exhibited a decrease in surface roughness caused by polishing of approximately 6 nm as
compared to an increase in surface roughness caused by polishing with the comparative

polishing composition of approximately 6 nm.

EXAMPLE 4
[0068] This example demonstrates the effect of a diol compound, a polyaminocarboxylic
acid, an amine, and a tetraalkylammonium salt on the removal rate and surface roughness
observed for silicon substrates achievable by the polishing composition of the invention.
[0069] Two similar substrates, which substrates comprised 102 cm (4 inch) diameter
circular silicon wafers, were polished with two different polishing compositions (Polishing
Compositions 4A and 4B). Polishing Compositions 4A and 4B contained 1 wt.%
wet-process silica, 0.0167 wt.% ethylenediaminetetraacetic acid, 0.067 w1.% piperazine, 0.27
wt.% tetramethylammonium hydroxide, and 0.05 wt.% potassium bicarbonate. Polishing
Composition 3B (invention) further contained 0.033 wt.% 2,4-pentanediol (i.e., a diol
compound).
[0070] Following polishing, the removal rates for silicon and the magnitude of the change
in nanotopography, AR,/d, were determined for each of the polishing compositions. The

results are summarized in Table 4.

Table 4
Polishing Composition Silicon Removal Rate (A/min) | AR,/d (nm)
4A (comparative) 5350 -0.5
4B (invention) 4375 -5

10071] As is apparent from the results set forth in Table 4, the inventive polishing
composition exhibited a silicon removal rate that was approximately 82% of the removal rate
exhibited by the comparative polishing composition, yet the inventive polishing composition

exhibited a decrease in surface roughness caused by polishing of approximately 5 nm as



11. The polishing conposition of claim 10, wherein the organic carboxylic

acid is selected fromthe group consisting of salicylic acid,

2, 6- di hydwoxyherszsesc aci d, and combi nati ons thereof. 12pChaspalbiossssng

conposition of claim 10, wherein the organic carboxylic acid is an am no

hydr oxybenzoi c acid. 21 13. The polishing conposition of claim1, wherein

at | east one carboxylic acid is an am no acid. 14. The polishing conposition

of claim 13, wherein the amino acid is selected fromthe group consisting

of proline, glycine, alanine, and coidinations thereof. 15. The

pol i shing conposition of claim1, wherein the polishing conposition

cont ai ns d@mbpared to%deaezilseMsu%a@fro@hndseassedbmpolahhgwﬂlhd&pbmpdrmvaci d. 16. The

polishin Oﬁ&ng)osomt os?t?on%fa ai.n tg] g/\?rgrei n the am nophosphonic acid is

sel ect ed 1romanergy oup %ﬁg?s? et hyl enedi ani net et r a( net hyl ene

phosphoni [0R¢i d)P,refarmdrembbdnménteomls ewentiph s desonbed hawindingluding the best

di ethyl e i tions
ﬁ&dﬁ@%\%%ﬂw&ﬁ?ﬁm grPﬁF g&r}q%p Fh&a %hgt éﬂﬁos‘e‘ Bﬁﬁén%&

t her eof I'ng conmpo aim 16, wherenn

am nophoptmbailinens imdy becomerppparent o these ﬁ;pr@w %b@plmm upomreadipg the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
speciﬁcally described herein. Accordingly, this invention includes all modifications and
- equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.



18. The polishing conposition of claim1, wherein at |east one bicarbonate
salt is present in the polishing conposition, and wherein the bicarbonate
salt is pwpassi3msoBi car bonate. 19. The poli shing conposi PCcoSed1ooksssmMm 1,

wher ei n potassi um hydroxide is present in the polishing conposition. 20.The
pol i shing conposition of claim1, wherein the polishing conposition has a
pH of 8 to 10. 21. A chem cal -nmechani cal polishing conposition consisting
essentially of: (a) 0.5 m.%to 20 wt.%of silica, (b) 0.1 wt.%to 2 w.%
of one or nore pol yam nocarboxylic aedds, (c) 0.1 wt.%to 5 w.% of one or
nore amnes, (d) 0.1 w.%to 5 wt.% of one or nore tetraal kyl at nnoni um
salts, (e) 0.001 wt.%to 1 wt.% of COARM®Tr m)re 1,3-di ol conpound, (f)

optionally one or re b ar.bonat aIt erein the
pol i shi ng congo& th Sthenﬁ?s'mﬁdﬁﬂca ‘t“%c "ip°s'ﬁ'§“ %’S‘B’(‘}Ieissseﬂuwn Eorrposi tion of
claim 21, wherein the pdlwtShior2y vadhpfadicd,i on

b) 0.02 wt.% to 5 wt.% of one or more organic carboxylic acids,
(©) 0.05 wt.% to 2 wi.% of one or more aminophosphonic acids,
(d) 0.1 wt.% to S wt.% of one or more tetraalkylammonium salts,
(e) optionally one or more bicarbonate salts,
6)) optionally potassium hydroxide, and
(g) water,
wherein the polishing composition has a pH of 7 to 11.
2. The polishing composition of claim 1, wherein the polishing composition
contains S wt.% to 20 wt.% of silica.
3. The polishing composition of claim 2, wherein the polishing composition

contains 10 wt.% to 15 wt.% of silica.

4. The polishing composition of claim 1, wherein the silica is wet-process silica.
5. The polishing composition of claim 1, wherein the silica is fumed silica.
6. The polishing composition of claim 1, wherein the polishing composition

contains 0.1 wt.% to 2 wt.% of organic carboxylic acid.

7. The polishing composition of claim 1, wherein at least one organic carboxylic
acid is a hydroxycarboxylic acid.

8. The polishing composition of claim 7, wherein the organic carboxylic acid is
an aliphatic hydroxycarboxylic acid.

9. The polishing composition of claim 8, wherein the organic carboxylic acid is
selected from the group consisting of lactic acid, 2-hydroxybutyric acid, benzilic acid, and
combinations thereof.

10.  The polishing composition of claim 1, wherein at least one organic carboxylic
acid is a hydroxybenzoic acid.

1 I.  The polishing composition of claim 10, wherein the organic carboxylic acid is
selected from the group consisting of salicylic acid, 2,6-dihydroxybenzoic acid, and -
combinations thereof. |

12.  The polishing composition of claim 10, wherein the organic carb.oxylic acid is

an amino hydroxybenzoic acid.



contains 5 wt.%to 20 wt.% of silica. 23.The polishing conposition of claim
21, wherein the polishing conposition contains 10 wt.%to 15 wt. % of
silica. W®2011/0348084. The polishing conposition of clai mc2Ais2evo@usssn t he

silica is wet-process silica. 25. The polishing conposition of claim
21, wherein the silica is funmed silica. 26. The polishing conposition
of claim 21, wherein the polishing conposition contains 0.1 wt.%to 1 w.%
of the pol yam nocarboxylic acid. 27. The polishing conposition of

claim 21, wherein the polyam nocarboiylic acid is selected fromthe group
consi sting of ethyl enedi am netetraacetic acid,

di et hyl enet ri agi neprpohshingicompditionl of dkithy dhideiy e 1eispdle barbexyticlhadisnet ri aceti ¢
acid, nitrilotriacetic acid, salts, thereof, and conbi nations thereof.

28. The p*iﬁ'm‘}?aﬁ@ conposition of claim27, wherein the polyam nocarboxylic
acid is ethyl enedi Bripnkshiigicampaitios ofdiin. 13, wherein th2 8mind had pakleaed ng

composi ti ot B ofeh 3R e ORERL glyglngaﬂg%amsq%b GATARSIdoPn_contains 0.1

w.%to 2 |ng conmposition of claim
21, wherein the arﬂ"hwdn@mebmmsemnbfmmtlhwhgeloup polishmigsompngitioh pi per azi ne,

(12( zzimanmogétaﬁn%{a%/b?n“gggl?ﬁgﬁgﬁgﬁat %ﬁ% %’?l ns(?ce‘{?er 28:‘ 31. The
pol i shing conmp®si tThemolighing|cempasitipn oftiamd 5 whergin the amigppliosphonipaciaés i s
sel ected QM &HE tlﬂrg%B cErRﬂﬁﬁg%ﬂeﬁx?lei?édla;m&'té?ﬂdén%ﬂﬁt%gbhosﬁxoﬂlcQﬁﬁ anedi ol ,

2, 4- hexanedi ol , and nbi nations fhereof polis

conposi t |3<5‘H“<b‘rl(’ﬂffﬂé)i‘?ﬂe Qhospmmcraéidh deﬁhyleeﬁgleemntbﬁn@ﬁwbeﬁml@awtamﬁb present

i n the pojndshthtichtioyRasdst i on, and vvherel n the bicarbonate salt is potassium
bi car bonat e. e oI i shi n osition of claim?2l, wherein.the
pol i shing com%m t%ﬁ"\‘ég‘géo‘ﬁl’?sﬁp‘@ ng wherein the ainophophQoi 46idh IS rec hani cal

pol i shi NGantifPIORdthy1en8 pR&RPEInSd deidy essent ially of:

18.  The polishing composition of claim 1, wherein at least one bicarbonate salt is
present in the polishing composition, and wherein the bicarbonate salt is potassium
bicarbonate. | _

19.  The polishing composition of claim 1, wherein potassium hydroxide is present
in the polishing composition.

20.  The polishing composition of claim 1, wherein the polishing composition has
apH of 8 to 10.

21. A chemical-mechanical polishing composition consisting essentially of:

@ 0.5 wt.% to 20 wt.% ofsilica, |
(b) 0.1 wt.% to 2 wt.% of one or more polyaminocarboxylic acids,
(c) 0.1 wt.% to 5 wt.% of one or more amines,
(d 0.1 wt.% to S wt.% of one or more tetraalkylammonium salts,
(e) 0.001 wt.% to 1 wt.% of one or more 1,3-diol compound,
H obtionally one or more bicarbonate salts, and
(g) wéter,
wherein the polishing composition hasapH of 7to 11.

22, The polishing composition of claim 21, wherein the polishing composition
contains 5 wt.% to 20 wt.% of silica. |

23.  The polishing composition of claim 21, wherein the polishing composition

contains 10 wt.% to 15 wt.% of silica.



(a) 0.5 m.%to 20 mt.%of silica, (b) 0.1 m.%to 2 w.%of one or nore
pol yam nocar boxylic acids, (c) 0.1 wt.%to 5 w.% of one or nore

t et r aal kywermmmswsessal ts, (d) 0.1 w.%to 5 w.% of onePOT/USRIIB/0885§ANI C
carboxylic acids, (e) optionally 0.1 wt.%to 5 wt.% of one or nore am nes,
(f) optionally one or nore bicarbonate salts, and (g) water, wherein
the polishing conposition has a pHof 7 to 11. 23 35. The polishing
conposition of claim 34, wherein the polishing conposition contains 5 wt.%
to 20 wt. % of silica. 36. The2pol i shing conposition of claim 34,
wherein the polishing conposition contains 10 wt.%to 15 wt. % of silica.
37. The pol i shd.ng Tiepphshingicompaitios bH¢laim24, wheks ek silitdie wai-process | S

wet - process _silica. 38. The polishing conmposition of claim 34,
wherein tH¥%silica is fumed silica. 39. The polishing conposition of
cl ai m 34, wheegi n THegolihirigshinpgitioo npdamt2il owhecimthasifisa i fulnedssilies.t o 1 W . % of

34, wherein thE pol s aerohE Hmposiion of i R BP e PO ARG SRR 0T T
consi st i mgniains 84 hw.Metwd ditdfrpfibe palyaminnearbexy e it
N hycr xyet 1) ot R CROESUREH 2Lt ! e e povppocabonicssd
salts, tHesessted framdhegraim oatistivg of ethidgnedjaminetetraacetic aqid, The pol i shi ng
conposi t i flihfnefriaRidpéhthaceli 84i& N (Hy o x Ry YA IS REBMROXMeekiE aGET d 1S
et hyl enedi_am netetraaceti c acid, o
nitrilotriacetic acid, salts, thereof, and combinations thereof.
| 28.  The polishing composition of claim 27, wherein the polyaminocarboxylic acid
is-ethylenediaminetetraacetic acid. ‘

29.  The polishing composition of claim 21, wherein the polishing composition
contains 0.1 wt.% to 2 wt.% of the amine.

30.  The polishing composition of claim 21, wherein the amine is selected from the
group consisting of piperazine, 1-(2-aminoethyl) piperazine, 2-methyl-1-aminoethanol,
(2-aminoethyl)aminoethanol, and combinations thereof.

31.  The polishing composition of claim 21, wherein the 1,3-diol compound is
selected from the grbup consisting of 1,3-butanediol, 2,4-pentanediol, 2,4-hexanediol, and
combinations thereof.

32.  The polishing composition of claim 21, wherein at least one bicarbonate salt is
present in the polishing composition, and wherein the bicarbonate salt is potassium
bicarbonate.

33.  The polishing composition of claim 21, wherein the polishing composition has
apHof 8 to 10. )

34. A chemical-mechanical polishing composition consisting essentially of:

(a) 0.5 wt.% to 20 wt.% of silica,

(b) 0.1 wt.% to 2 wt.% of one or more polyaminocarboxylic acids,
(€) 0.1 wt.% to 5 wt.% of one or more tetraalkylammonium salts,
(d) 0.1 wt.% to 5 wt.% of one or more organic carboxylic acids,
(e optionally 0.1 wit.% to 5 wit.% of one or more amines, '

0 optionally one or more bicarbonate salts, and

(g) water,

wherein the polishing composition has a pH-of 7 to 11.



42. The polishing conposition of claim34, wherein the polishing
conposition contains 0.1 w.%to 2 w.%of the organic carboxylic acid.
43. The pwbishiosggogsonposition of claim 34, wherein at | eastuseoe/0esgani c

carboxylic acid is a dicarboxylic acid. 44. The polishing
conposition of claim43, wherein the organic carboxylic acid is oxalic acid
or benzilic acid. 45. The poli shing conposition of claim 34, wherein

t he polishing composition contains 0.1 w.%to 2 w.% of the am ne.
46. The polishing conposition of claRin 34, wherein the amne is sel ected
fromthe group consisting of piperazine, 1-(2-am noethyl) piperazine,
2- met hyl - 1- anBsioetThepolishing 2e@dpashion bholdinman) wieedihthe pblishiag compositiomat i ons
t her eof . ains 5 W4Z.t R;uel ool i lilhi ng conposition of claim 34, wherein at |east
one bi carBBREE2EKP 4P Y '(g’r XU} i'n the polishing conposition, and wherein
t he bi carbonaB& sédlte pblshingicampasition bf dami3dnetieeein the polishing 8ompbsigiopol i shi ng
conposi t ic(agtﬂlgg 16684, PA %Q?giﬁéan t he polishing conposition. has a pHof 8 to
10. S e e cal - mechani cal polishing conposition consisting
essentially of7. (ahhe pslishingemposRion of clainaf, wherdinthe siligais wetproce? wt . % to 5
wt. % of qpg,or nore nitrogen-containing heterocyclic conpounds, (c) 0.05
W.%to 2 Wm.%of one or nore am nophosphonic acids, (d) 0.1 wt.%to 5 w.%
of one or nor @8t etTheaplshinasabpasition obslaim 34 ehereipthe sitied if fimsd silisr- nor e
bi carbonate s34t s, TiRGlishing composition of claim 34, wherein the polishing composition
contains 0.1 wt.% to 1 wt.% of the polyaminocarboxylic acid.
40.  The polishing composition claim 34, wherein the polyaminocarboxylic acid is
selected from the group consisting of ethylenediaminetetraacetic acid,
diethylenetriaminepentaacetic acid, N-(hydroxyethyl)ethylenediaminetriacetic acid,
nitrilotriacetic acid, salts, thereof, and combinations thereof.
41.  The polishing composition of claim 40, wherein the polyaminocarboxylic acid
is ethylenediaminetetraacetic acid.
42,  The polishing composition of claim 34, wherein the polishing composition
contains 0.1 wt.% to 2 wt.% of the organic carboxylic acid.
43.  The polishing composition of claim 34, wherein at least one organic
carboxylic acid is a dicarboxylic acid.
44.  The polishing composition of claim 43, wherein the organic carboxylic acid is
oxalic acid or benzilic acid.
45.  The polishing composition of claim 34, wherein the polishing composition
contains 0.1 wt.% to 2 wt.% of the amine.
46.  The polishing composition of claim 34, wherein the amine is selected from the
group consisting of piperazine, 1-(2-aminoethyl) piperazine, 2-methyl-1-aminoethanol,
(2-aminoethyl)aminoethanol, and combinations thereof.
47.  The polishing composition of claim 34, wherein at least one bicarbonate salt is
present in the polishing composition, and wherein the bicarbonate salt is potassium
bicarbonate.
48.  The polishing composition of claim 34, wherein the polishing composition has
apH of 8 to 10.
49. A chemical-mechanical polishing composition consisting essentially of:
(a) 0.5 wt.% to 20 wt.% of silica,

-



(f) water, wherein the polishing conposition has a pHof 7 to 11. 50.
The polishing conposition of claim49, wherein the polishing conposition

cont ai ns wWowb1193t5820 wt . % of silica. 51. The pol ipelmiusgoioomgsesi t i on
of claim50, wherein the polishing conposition contains 10 wt.%to 15 w. %
of silica. 52. The polishing conposition of claim49, wherein the
silicais wet-process silica. 53. The polishing conposition of claim
49, wherein the silica is funed silica. 54. The polishing conposition
of claim 49, wherein the polishing ceposition contains 0.1 wt.%to 2 w.%
of the nitrogen-containing heterocyclic conmpound. 55. The polishing
conposi tion of cl abm 40.02 Waey10i5wt24 of cBESHmARERilrogdnFcoBINing hekdtyliog

het erocyclic conpound is a triazole. 56. The polishing conposition of
clai m 55, wherein the fYPRSYEN- contai ni ng heterocyclic conpound is an

am notri azol e. (c) 50.05 Waes palwtshoffege arangre shinoghosphbnic hddsn 56, wherein t he
am notriazole is sg|ected.f, th ro nsisti .

3-amno-1,2,4-tri a@ol e?)'q - a}"m%rr?ovgtl/?Qeof-e???‘grgéﬁ%é@%’ﬂ%g?gd‘)’&Is?hé’ aci d,

3- ani no- 5- ner capt dell, 2 optianaliyagne bemora higarbonate salts, and

4- am no- 5- hydr azi 1) 1, s triazole-3-thiol. 58. The polishing

conposi tion of clai'm49, Wherein at |east one nitrogen-containing
het er ocy cWhereimtberpelishids tamnesition hasalpH.of 7to 11. 59, The pol i shing conposition of

claim 58, whekgin fﬂa%oﬁmn@;c%sosmn énﬁﬁ%ﬁ%&&ﬁ%&h&;gﬂrﬂgu&n fish Sting of

; i 3
2- am no- 5- net gl thiazole, “2-am no-tﬁl azol eacetic acid, and thiazole.
60. The porRBRP G cORPHEVaIfeHiCHT cl ai m 49, wherein at | east one

ni trogen- cont 8j Ni nehehelihin@eYmbdshion SFRAMIBG, Wiferdn ME hEIsARY CorhgositoRXi de.
61. The poli shing oconPoa Lion of claim60, wherein the nitrogen-containing
het er ocy c3oP@Ing bhbieiel ! W-%of 8li¢%ed from the group consisting of
2- hydr oxypyr i @ ne-Te@siidthg cdmpaRitiay bradipho] wkkeeiMthe Xiliekeis wastogescol i ni ¢ aci d
N- oxi de. sillzcg.
53.  The polishing composition of claim 49, wherein the silica is fumed silica.
54.  The polishing composition of claim 49, wherein the polishing composition
contains 0.1 wt.% to 2 wt.% of the nitrogen-containing heterocyclic compound.
55. The polishing composition of claim 49, wherein at least one
nitrogen-containing heterocyclic compound is a triazole.
56.  The polishing composition of claim 55, wherein the nitrogen-containing
heterocyclic compound is an aminotriazole.
57.  The polishing composition of claim 56, wherein the aminotriazole is selected
from the group consisting of 3-amino-1,2,4-triazole, 3-amino-1,2,4-triazole-5-carboxylic
acid, 3-amino-5-mercapto-1,2,4-triazole, and 4-amino-5-hydrazino-1,2,4-triazole-3-thiol.
58.  The polishing composition of claim 49, wherein at least one
nitrogen-containing heterocyclic compound is a thiazole.
59.  The polishing composition of claim 58, wherein the thiazole is selected from
the group consisting of 2-amino-5-methylithiazole, 2-amino-thiazoleacetic acid, and thiazole.
60.  The polishing composition of claim 49, wherein at least one
nitrogen-containing heterocyclic compound is a heterocyclic N-oxide.
61.  The polishing composition of claim 60, wherein the nitrogen-containing
heterocyclic compound is selected from the group consisting of 2-hydroxypyridine-N-oxide,

4-methylmorpholine-N-oxide, and picolinic acid N-oxide.



62. The polishing conposition of claim49, wherein the polishing
conposition contains 0.1 w.%to 1 w.%of at |east one am nophosphonic

aci d. WO 268/0398w8 pol i shing conposition of claim 62, waIEUSReM00ISS7

am nophosphonic acid is selected fromthe group consisting of

et hYl enedi am net etra(net hyl ene phosphonic acid), amno tri(nethylene
phosphoni ¢ aci d), diethylenetriam nepenta(nethylene phosphonic acid), and
conbi nati ons t hereof. 64. The polishing conposition of claim63,
wherei n the ami nophophonic acid is a@fno tri (nethyl ene phosphonic acid).

65. The polishing conposition of claim49, Werein at | east one bicarbonate
salt is prese6?. i rTHehpelighirigicoinpasiionofigiaisidd] wirereimtd pulishingcompdsitioi car bonat e

S o o RURBP LA BTN s pa gl 8, 511 09 corpozition of

63.  The polishing composition of claim 62, wherein the aminophosphonic acid is

selected from the group consisting of ethylenediaminetetra(methylene phosphonic acid),

amino tri(methylene phosphonic acid), diethylenetriaminepenta(methylene phosphonic acid),

and combinations thereof.
64.  The polishing composition of claim 63, wherein the aminophophonic acid is

* amino tri(methylene phosphonic acid).

65.  The polishing composition of claim 49, wherein at least one bicarbonate salt is

preseht in the polishing composition, and wherein the bicarbonate salt is potassium

bicarbonate.

66.  The polishing composition of claim 49, wherein the polishing composition has

apHof81to 10.



