METHOD OF PCLI SHI NG A TUNGSTEN- CONTAI NI NG SUBSTRATE
FI ELD OF THE | NVENTI ON [ 0001] This invention pertains

wa o008ket7e¢hem cal - mechani cal pol i shing of substPEr/ES2008/001413
conprising tungsten. The invention further provides a
pol i shing conposition conprising ferric ion, a
poI ynmer, silica, malonic acig, and water. BACKGROUND

OF THE | NVENTI O\léOOOZ] Integrated circuits are nade
b METHOB Qi BObISHIRNG e TN (S NEATNING S GRS ERATE

substrate, such as a silicon wafer. The active devi ces
are chem' cally andrFIEDB IOFTHE mmﬁwpm into a

b d
1000111 This o B o b B SOPR Al Fire AMiCA PO o Sraes
comprifingitusdsten| Thel ipvantion furthe prorddéssa palishingsengpokitiontcomprising ferric

ion, aﬂ‘gf*@& glfﬁ}gg alﬁﬁfgg;degﬁ {e dielectric |ayer, and

t7mes sequent netal |ayer.
Interlevel dlelectrlcs such as doped and undoped

silicon di oxi dBAGKOROUND QF THENVENIIOMN ri cs, are
[0002]uS echtéga@h Qﬁbﬁltsocab Imade 99l oFn@11idh8 of hétf\%r&mcemrﬁied in or on a

f d, ty | t he
substrat SGftEit TG Y Efobn L S HeUGHE chaedY bd By R prsgnected

into a smbstrazp and arelistervenhgctédthamahl thy ase oﬂrﬁﬁlﬁﬁdveﬂht@@drﬁi&cﬂs %o form

- . LN onduct.i ve teri to .
fncic AR DSBS SRR o T e
dielectdelayensnd spractimgs a thifdznd schmupmtan@tal llaynrg dnterlevdl doalédtrics, such as

doped M@&ﬁﬁ)p@@ sificSn dio%Rfd (gi(@fsﬁ laf&/0f W k! dd1EcthiSs aFE{]@sreE &8 efeBtrically

damascene proces I'n accordance Wi
isolate @reo@é@gent mgtal &qyplrst: b efch kavee isfioamed typisally the Jvier iSsplananzed to

enable patiseQuiéie thydps t8 b@qmémﬂaplof@seyn@&moﬂmﬁss& to form
and trenches r. vert cal and hori zont al

hol
100031;"0, ikt R ety SFip el S soRdueean EBARAR o fean
interconudetisonoin iptegrased cigeuitadesices.u Olne &mytto tfabricate pandr anigatenrdircuit traces

on a s11"f'&)%/ (ﬁ{)jmae ?ﬁﬁs&%' ? ﬁ:fgﬁ&{ foea(ri th@%%ﬁas%gr%{'%r%&sg tIrirjlgéclélr‘ﬁance with this

um ni 1 on-
process, é‘%ﬁihmlwldﬁ Hielesinig sprfasa ivpatiered hy:a@z@nvanteortah éry etch process to

form hél%? ind@ai@es ertVQrtﬁ‘:aI SO rBRnla® WfErcoftedl e ';ﬁﬁ&%@&‘ b&r’gﬁjlce is

i shi is e ed to reduce t he thickness_ of
coated ?V&ﬁhgﬂ& aeios prq%g}yg layer syeh ps tlantumeof fpiajye 3ad/pr a a@lswn barrier
layer sMﬁ&itaﬁumrrﬁdeIoﬂ Gntdly@nigided! The ddhésitsi-pronivdingil€fer and/or the

o G 9 b MB35 Bl RS Rl B anca
polishiffes empleyesitd redusa thethickarss of the tungstembtér-leyercas welhhs the thickness
of any 5841 ?tﬂrHﬁoﬁH?Fﬁl&eﬁhd‘/&r cﬁhﬂgoﬁ Bﬁrg%? !:a;'léf tunpf‘é ﬁfaﬁ%?ﬁ%g that

0004| "Typica % em ca
exposet gleefed PPiess phihesiidonrliowide sHitpse emhiwn nTh‘gwas and trenches

‘remainFURAWieH €8ctHATRI donduePraHEsh forRatd e efrc@t fidrBshnects.

on "B OB R, et BB g
contalmng glibzieates cdmpriseatonippundpedphbleaif ett!hntgr tahgseeh. rEifescRhpdunds
capablé'ﬁféaigpbg %§S§ﬁ 20% §& (g'nanéb ge?’?é i cocril%(e:xg r%}r} g{eﬁgto A3 spﬁ]%dudlzed film that
is capalpi@quﬁhmtﬁgledlrgmpyalubry rucni]auwal abgasion. tAbra‘tsq@olw périforgedawing abrasives
suspend¥d ifall lﬁ@éﬁﬁhﬁ’t%sfoﬁh)é ll'élﬁng ﬁ’l?llgl in *&b@%@@& Y{itﬁ‘ aWoliSting pad or

olis lati
with abraswem?{;ced toa pollsheng pad, 1n Wthh movement of the polishing pad relative to the

substrate (i.€., a semiconductor wafer) with the polishing slurry therebetween causes mechanical
removal of the soft oxidized film. However, the etchants often are capable of converting
tungsten metal or its oxide directly into soluble forms of tungsten. In the polishing step, the
over-coating layer of tungsten is removed to expose the oxide layer and to achieve planarity of
the substrate. After exposure of the oxide layer and before completion of the polishing process,



substrate (i.e., a sem conductor wafer) with the
pol i shing slurry therebetween causes nechani cal
w0 20mwd70Df t he soft oxidized film However, tPEI/US2008/001413

etchants often are capabl e of converting tungsten

metal or its oxide directly into soluble forns of

tungsten. In the polishing sjep, the over-coating

| ayer of tungsten.is re 0 expose the gxide |
tungsten At thegrepe ?w@eﬁre}mmgg gefLEyga inafign ohptaias etching and by
mecharﬁ&ﬂ @stisreoDthe tabfasivags, deadisy & dishiflg bed exosios 0 Mistehg May@bmpromise

airui 7 g R DB FhS S bRt SRR dspgeton of met
layers @t sibseqpeanidvdly ofrthelteniceallnlabitors of aingster etchirpshave been added to
chemlchﬁél@bmléa?{a&&s?@ﬁ@&xﬁﬂ& S FBPex Q'tﬁ‘% PR ’i’z{@ iScloses a

s'to sur ace non- p
chemiocghmephanggal p@lnqhmg:moeea&@pnwﬂngrﬁt toRgstest @Hqsmylenhlbmr selected from

the gro ap BSRsRB of Ipﬁ&@hﬁthegf eélgﬁmﬁﬁ‘{dt&e silicAtBé, Rhd iftuPds thereof. U.S. Patent
V.

sten etchin dt
6,083 %ﬁéﬁ% iefes ﬁﬁ’&%ﬁg’c@iecmq H?k%%??awsmoaﬁ@mm@mg an inhibitor of
tungstef e Cthalds &. coﬂqio&ﬁﬁ séleddd fré86thd ighstipa@Sisting of nitrogen-containing

heterocGiE8 LB CRPEEI BirolR bidsr BT SCFREP SRR "o oup

[0005] conBbwevergsush 1plh1bgpﬂsanr@sot ahehyiftesphastgeevaiting eaisem of tungsten
within & h'"& Xhdl fﬁ%nsl ru§9£fm Fov R At ﬁ:h%?bré‘&?tuﬂgﬁéﬁ Qt%ﬁﬁl can

em ca ani ca olrs |ng conposition conpri s
reduce zahe pqlﬁhwgtr@ﬁes ef subghigtes epmprHing Fmesteadayess ta mmmbhy low levels.

ErosmriSﬁ' Bfeh8%brf KA Bnh6E tﬁﬁ%d-ﬂ&l é’c@l’ﬁﬁg SJdt 'aEsoQ)ffthe abrasion process. Thus, there
e

ogen: contai'ni n tero t out
remamwl PPﬁg’é‘ﬁhﬁ f%rg‘é’l’inf%a Hipas agﬁi%}e raq]pambg@éﬂﬁcp@mﬁzgglanmzanon
of tungEt@ﬁ)%iltahk‘mgM&fstra&SI dhtt il iphovidy for wchcéd)éroalbn@)fmngsten and yet

|n os.i on ,of tun sten
mainta usg&% ra}{gs (%tataﬁ%s eE)nnl;,j1 v,gl 31;1%; 18¥erﬁlonﬁ>r? VIGES suc}é A cthﬁmﬁcal mechanical
pollshmmmrbpesmtn@l wfd methgdt é‘hemanldlontiger@dvantws o€thelinvention, as well as

additioRfihwdhtivg féaRires vall b%%?ﬁ%tr om eﬁé@éécﬁ 36h SH4RE$AAtion provided

l'ayers to unaccCept abl sionis a
herein.f ynction not only of tungsten etching, but also of the
abrasi on process. Thus, there remains a need in the

art for conpOBKIEBrSiJMNmm(DEdHHMVENTION
i On,,0

cal - mechani
100061 ¢, Fe el APy SR aff BenFug mpshenispli polishing o substate
comprisiag m@tearoompmsmgf(l)tqmgxgtleg] a anlbktrpte comgpirisireg tungsef with a polishing

pad and E‘Eﬁém% x?ng é%p £+0m ngﬁldnr%ﬁ'g)tﬂsﬁé (QLQ de%?t%n %H:‘ﬁgnt (b) an

inhibitqpgf mstmreé@%n&wﬂﬂe@e therdnkibifere atg@@t@qulﬁbmgns/memnn an amount of
1 ppm 851008! gpn and@ &) water) @1'1) mBVlﬁgtthé/ﬁolfsﬁﬁfgLﬁaEQelaMé {o thE substrate with

arent fromth escriptl.o nventlon
the polShiRGicGEPOHLPE HFTe B, bR ga ARNEROFHIORO] B eBpstrate to
polish the eubmmtmnhfbﬁmr démngstafeétbbﬁhgdsf a polymer, copolymer, or polymer

blend c%m%p sﬁ% at Yeant%nb:%n ea%ng%&l c':o‘?’ngﬂ{sgr}g aégﬁat%aCl%eaﬁlg'ogen-contalmng

UNGste
heterooyglmcsnnapea mmmwos iquaternany sitrgematom. aTlpmnmsrmqmgfuphcr ranvides a

pollshlﬁ’g E&ﬁﬂ% éﬂ?&ﬁ}?s‘i‘ﬂ%(%b félﬁ%' ?h (%ﬁﬂﬂ@%f bf t‘&H &a{r@&hﬁg N&here the

tun sten et chant Itor tun%
mhlblte.rt%f rwrrﬁgtenm@%g isrrEesephingin: apoust of | ppayter 09% PPEm(@gilics, (d)

maloni®kEGLAHd (efiwaler,aA0MBdtein thE inhiiator bP tukigOién RRKIngAiB s fetited above.
wat er , (11) noving the polishing pad relative to the

bst r at bet ween,
and (111 Mk B cRAfoR PR NP ER KRR T at o
[0007]t o ”ﬁhxt ingkntidueis slirbsted &0 @ meTtivel ofrmihbhmga sobsttategmnpsing tungsten.
The me@ﬁ&d’]éd?lgpﬁs%s &) Q&M&E{g a SBRRAY 'WBhnprifing wéé{éﬁrwith a polishing pad and a

chemical-mechanical polishing composition comprising (a) a tungsten etchant, (b) an inhibitor




bl end conprising at | east one repeating group
conprising at |east one nitrogen-containing
whedeooryrlic ring or a tertiary or quaternar yP@i/USmgeon1413

atom The invention further provides a polishing

conposition conprising (a) ferric ion, (b) an

i nhi bitor of tungsten etching, where the inh|b|tor of

tungs en etchin resept in an anount of
of tunghieapiching. wheyein < gl bitoFpt HREYRR ElCRIREAS Pigsent e%?n mpeat of 1 ppm
to 100@\@pmeargd (chevaten, t(lup hto@in gothe puliglih @ paditetdtivedo e saBstrate with the

recite

b B RRPHE R G b S ki Yl e

polish i subﬁrang "ﬁhesmbﬂmoabénmgstpn pslistgng umgmﬂymer tomolymeth od polymer

blend &%;H}[Ssirgﬁa? léa!sglor?e%g?a‘t&ﬁ'% o éﬁﬁéﬁ%ﬁ%ﬁ IERTBhE ﬁftl%%en -containing

heterogsigH Pn“@a [or AT HANY] Qraquamairx mtmgen etapdsThe Brertinmpiurthenprovides a
pollshlﬁ?koﬁpbéiﬂ%é&ﬂpﬂlt %?d)tfem(:%n qB) Mﬂﬂlﬁilﬁ)? bPfunzsted %kﬁﬁlg, wherein the

inhibit ét?réﬂgs ten et géﬂscﬁmem hal:[)g%%?ﬁrz}g 1) %4 g{lllcglfqgih pp (e) water

[0008]vvat The miethiod ofmh{e ngefitiv @l besdsed & p@ltthraa_ky 3hitabte substrhe that
ere wee

o e ish
comprif RS sl &b WP B SR B e, NG EaRERiod s wsed
to polishoa st layeoSaipibsirate e Foll reampihj the tnethodfofithmigstation can be used
to pohﬁpit'lécf%t ok ﬂuﬁ%sq?{’ﬁle%mger Q&B&E&Wlth P5utRhs Electh %‘I’n the group

nmprisin e repeati ng grou npri sing
COHSIS@I&%’&SM@@ SHb%tfaé@SeﬁFEdpﬁlau(ﬂtlm éhnétae%t@yngé cFYSta) deﬁplaa/) glass

substraté! G'aAE Yubidraftyd %ﬂr(ﬂﬁér)éuﬁétteft@%@odﬁt@d‘fwltﬁhﬁtegﬁ\!’ﬂ&t&ﬁs thin films,
esS a 0np08|t|0n conpri si ng

r olis
multlp{ej vel é?‘flt% g‘&ﬁ"rs’(‘ﬁﬁfg% a‘i“ﬂ Kor of tungsten et ching,
[0009]WheThe nhdnieal-mbdéHanicat p(ﬂishingkgﬁmmmtmhaimlﬁ@psl astuAigsten etchant. The

tungstJn e{t&ﬂaﬁgfagxgt%a%y_ls&ﬁgblg chfnggm?cf &?]10%' ggcj:l t%gt &che%q‘tq %s?e)n The term

L 'On can-ber
“compeendyeriiprin sperjessthittedghies tengsteni’ as wsadrwerein oefprsitg @sompound or ionic

specied tHRO® R es ﬁlﬂ%ﬁeﬁﬁ y urA i o0 %t?és% Iﬁéigﬁhfoai $olu lfle tungsten corrosion

Ceneral ly e | nventive nethod 1s used
product. uﬁgﬁ,’f@ﬁup%%’rontﬁ spgcigy et ptehes mne%terb&lamcéu etqne omqfed
compofiénts hat teavtemith Qﬁlgﬁt@ﬁ nikRal s e ox@le0 lfdiedh scﬁhblb@@kﬁgste‘ﬁ%rroswn

produc s Rg eg@ly%,ﬂr?%g g{ %q?'gossgogtlnlgltagtoﬁ( ¥181f1 pgqcree Blnwfnch electrons are
transfesrad ftomagodid, tufigstensGBa] tontha cObmpounid amenistspeciés that elches tungsten, to

form nﬁ{%t%h?h c‘ijés @X}I e?&ﬁd%ét%t@éﬁeﬁr tpé\?&%?ﬁ&' Hﬁtﬁ@%ﬁ?&tal or its oxide.

er S Str €S assoCl a egra
[0010]cj r Exsmples pheampeungs thatgichitpngstandpelpde by amn@tjunwbto oxidizing

agents Vﬂf&i’d%»coﬁﬁﬁnﬁ@ §gén|t§< @nd [)%99:] acld¥&uel §§rb)t9<giﬁ dﬁ@ﬁ@c{]}g%ﬁ@hlc acid. The
S

0S| i ncludes a_tun
compomtjet b desftoly CARPriSEn 4t AL RRELIR YBih  swfble
oxidatiop @oteatiait Méfeﬂibb)b dse étullim tseﬁemahﬁ Wchmcaﬂ BH’pﬂWMbdey way of any
sultable gé]rlngoﬁ{&ec%ln?psns afte % gst G n a& ﬁgziss%%?tf%gle\gater to provide

or | gni¢ eet e
femcwmmgmlmsfbywtrmratﬁng solid tungsten metal into a

[0011]S°! PREBbIY IISEERart %EH%& RriP iR Wobreseit HOMR QH ic3l- mechamcal

ionic SpPecl es t hat’ et ches tungsten may I ncl ude one

polishipg Fempesitiemaii coneemiration o¢ 0-QH0F M or Agse { @8 rRDA] Mopr mpts, or 0.005
M or nfd¥é, &% 0101 NMDrimsre). Uﬂ!ﬂe&ri&?,&ﬁé efth&M! §uhiad TerPic@6H!GS Present at a

concenﬁ%ger aé&XMt g\ﬁﬁ gﬁﬁocegétl\a i s, an oxidation

ior r osq f&n
S5 Y e &9ed from solid
[0012]t unTh¢ etrenmieslahe¢hanichbpal ship@ rathpositioanndudgeaniinlsibitbvéf tungsten

etching; 'ﬁi;éﬁih%)t}?%éﬁ: t?tg%st&featg:fglﬁ rl]ga % Qgﬁg?&d?tﬁ hﬁ‘glt%ﬁne cO Versmn of solid

tungstqngnqpl Qritsjaxidegmtaggeluble tungsten compounds while allowmg the composition to
convert tungsten into a soft oxidized film that can be controllably removed by abrasion. Classes




[ 0010] Exanpl es of conmpounds that etch tungsten
i nclude but are not limted to oxidizing agents,
w0 bawsod4ie2 cont ai ni ng agents, and organi c aci dsPE/Uk208%001413

oxalic acid and nmal onic acid. The conpound that etches

tungsten desirably conprises at |east one netal ion

Wi th a suitabl e oxidati on po&entl al. Preferably, the

etchant is ferric. iaon, can be, provj ded by %y .of |
of comamndesmh%tébq 'ése@Br%b‘HHWQfé ﬁﬁmngﬁtﬁ@ efcging ip theepntext g1 thegnvention
1nclud631§6mﬁ6ﬂ3d:ohfpaisu@ r6pREAs lg?d@% cbﬂlgmh% fat fe@stn@\hiteezehedohtaining

heterocy 86 e, 7 RV PPN Grpeeiibe BOSbs RMPHODRA! lobstSne tertary or

quaterrmhyemtl@gbn ateah africfeated pahmptes od polymeoscampnisiag atdeast one nitrogen-

contam%ﬁ&%ﬁ?tgicgﬁggolbfﬂdg Wr@ onﬁ&ﬁ é\ﬁmgazolg 1'1§lgs‘L Plefired examples

of polypress eqraprising # kstiary oh guaternanc hitreger aton includa polyaners of
d1allyld?51ﬁ§l%%n@ﬁ1uﬁ saRd) %%Nnﬁéﬁs b&ﬁpﬁfz,mg gﬁe&{?é?;i%lhfé%épéaﬁng unit®@ecinprising

r les
quaten@ﬁ)éﬁﬁﬂ&l&ﬂ%é%ﬁrl@ars el ¢ ere 8 atffdoqﬁnﬁnﬁ QpqrgBETs;3nd nonionic

mononiedd)i bi tor of tungst en etching. The i nh| bitor of

00131 oSS B Bt FuifeRe R ara Saporbeed Syl mepre having
two nitsagen fakamsg arrdgtm@rcadmmmmnsis'n wihi¢hetha nitoogen gtdrheare at the 1- and 3-
p081t10$§){3rtpﬁl%' r{dtgoc nd e<aboh annH‘ H%Sa‘t B2 J.n4.0 g§%§ Qokitidhl 91‘1 ?h%drmg

e contr renpvé rasi o
[0014] O aShe ydibitos o Suwmesten etvhingga h?saev polyamer; qempmsmrhﬁtqs@cychc

n1trogeh%9ﬁﬁrﬁﬂg ﬁhg@' Hl%derbrﬁﬂﬂ)ﬂlrﬁ&ﬁt B¢ iniAbitdruT thipsRM dt@Hing is a polymer

inclu rISIn repeatin
comprigg i Gh(s TRES] SHE PORTRET Y P BROERH 0 FpRaler containing only
imidazblethoiniag rccpeammumandr ol heecspotyangardostaiging epeat moge imidazole-
contain%rl%o e%%atfno rltlssiﬁ E,gm ina 18ria i onﬁeirtregpreta 1%%}./1111% n%f (Ilgé B& ot limited to

gen erred ex
ethylerxgomppylgnqgatlmlerhee(agde @n@yheprterqxg@q styreng; cpld@}orohydnn and mixtures

thereofhefhg g?(lg{'rlre:f ﬁ%ﬂs B‘egﬂ ?g%ﬁ%ﬁ{l&:ﬁﬁfﬂ%@o bf}rrgner periodic
copolygighhlock] Gogolynes (¢- ga AP, SXBAUABE: Bler gﬁﬁt‘i"@@é’ﬁle&t%ﬁomb copolymer.

[0015]i N c1ru@I ﬁnﬂ@kmaﬁhgs &in Kb a{alcuécﬁatahg y., aomeni pmlﬁah bfthe imidazole rmg

R R R R

in the arothat grresrfshetwatiky hatogen ammsecarmnreaxrmt}ﬁ:r alhgtdmgam atoircor another

flmctioﬁpl?é'ggﬁ Yor L)gggp?fé r?‘@@rl gglsrl EWIgeln ﬁ%ogé thgrg (g[ﬁfo% ﬁy substituted
with arnalkykgeup el 8 wngaigogens tb@ lmia@@h: ratgdm bej further giaterpiged, i.e., the

alkyl nglfptéﬁg%%cﬁfﬁg rﬁfr@ &icahiR Bl-)ndéd‘ﬁl) i%ur E’cﬁﬁbﬁ ht%ﬂﬁ aad hta{kea positive
and t n atons ar

charges Fgglgm%ﬁéhﬁﬁn@ Aeols rings cmﬁw fr*hséleWHFeéu %b %Ftwnal functional

groupstat BgE oK Risitidnng cafbe BEnclityd ROh yevnd emgras ir§ iféiexample,
benzimifggRle” T morSieed PRRSHTSR B¢ Polifhst berfPasfk iRfirale gines is o
polymeyaleyimed fromntpe pelynigrizatictaeidl -winylingdazolkh e. goal poty(l - oaylirbelazole).
[0016] a pg‘l Mer%hb‘f)ﬁﬂl%n\f YRE ifs e I f}ﬂleXchm%com%nses a polymer

azol e- contalnlng repeatln .
Compﬂé@ﬁéﬂ?lﬁ’éf orcNateARaTY HHTQEEB aMp E%S&%ﬂé@@ﬁlﬁh@frﬁ jiggle repeating

group ¢RMRBEA@riiHN bBq ﬁdger?@@tl‘%lﬁlagérpﬁoﬂs :d} cah lB@lra doOIS ek B8ntaining one or
ut, .not | o et hyl ene,

more o F%C&vpgé?ggllgglgll A ?fgnlz}}ggt&gl wgb 8§W EPSalng yuts, g}cy.}déqgebut not limited
to ethylspe cprbpyleiy, dthyrrenemwmprdpytm olkidey stgfene,lépecidononl gring 2,2
dlCthI%%P’P%h% e g’n%{pureg?h SO TA dggixtagfer@(tahlrﬂge c?foa"ﬁ’él%%%{ that consists of

repeatlng groups comprising tertiary or quaternary nitrogen atoms is a polymer of a

diallyldialkylamine salt. Preferred examples of diallyldialkylamine salts include



copol yner, bl ock copolyner (e.g., AB, ABA, ABC, etc.),
graft copolyner, or conb copolyner. [0015] The
w0 pdod@zobE rings can be attached at the 1-, 2-PCDUS2008/001413
position of the imdazole ring. Wien the im dazole
ring is attached to the polynmer at the 2- or 4-
p03|t|on it is well appreciated in the art that one
he two ring nitro 3£n atons can bear either

polydlq%l,yml@g&ylaamaﬁ%m eeri andmmwlaléﬂénmeghﬂa@mmm Bromide. The

1nh1b1t&>@ﬂiﬁl{g@tenéﬂt&ﬂl &dn @frﬂﬂnse\ﬁvbéﬁolyhﬁr bBﬁtﬂﬁﬁrﬂé &nd driffofeSrepeating groups
i onal | substltuted W th on .a

compnﬁggla ?rrfglaqumfbtr%gqnlalt@nga OB orf P’f ionic monoglers The
copolymaﬂtz&lrtm azmﬁdom @polyniee, aitekr)dtmg rcopqﬂyﬁllehsﬁehbdnt:endpo]lyngr block

copolyft (FSRBCAB DNBIES Lon L8N 88 B2, RO e hibitor of

tungsteb@tdhmg ¢aarbesadistiiytamiaerepichloretuiini copallynfem nétprofmed exarnple ofa
dialkyl S @ﬁo@ﬁmp@db éxt ik g rrafeamfeag,lé?ﬁm@g:%‘é‘égm&oh9d&) The

seconda ring as In, nzim .
polymes camprisigg t%‘ﬁ*BB’o‘PrrPéﬁtem%rM SitEge] FamAppeansher conalyasite. 2 -
dlchlorbdlﬁﬂﬁll ettﬁeﬂarmi uﬁgn (qudmﬁymalm}dr&e AProrered z@dlmeloéomalmng

one or Fig8 epeRECHTB PG TRHRULS ARy PR PR igpEgh Kom and one or more
noniontcunoisdreers é pxﬂy[lbgs(z-@htmroelbysl)elhﬁdltyltﬁifbm{m(ﬁnmahylgmmo)propyl]urea]
[0017]t er fn' ﬁ'{oYhe rem%ﬂﬁfn?efn@ he 1r{H1 1[09%?%@%tch?&§ca%%x¥&? bn ?iar}]'late

a single repeatin
backboné miql eompIFes @u@dﬁnwaﬁowpﬂangigewt@g@nﬁs h@‘flng éhﬁ foamyla:

[CH=CQP QH@b QPIQ} N'R'ql ﬂﬁ/h@fh@n R 1§1Wd?o o?%?é%hﬂ?leﬁéﬁtéel&ted from the

uni fs W th ot er at i
group GORSISRE % bﬁ) éﬁ@ e éléfy{aa/ et ol aqsﬁ’ swi}n dhan integer of 2 to 10.
As willsSdytderstodadd yéne dﬂ(ﬁ@n‘jxh@mkllbﬁi ttle art§ﬂh¢ (p@hener comprises anions to

provia Bl o4ty s gbafor, 18 B nen S oui @Bl pgjons, and
preferablyathe euings$ stesselstted dpeathiegrogp oupsstiog o halsden gulferatd, anlfate,
phosphgfe P@#ﬁ%x&{t@ %l'i(&i 1 fikd qergfe%tﬂgske i3 h?dlg%leﬂ gpﬁeﬁfgl "’l} is selected from the

t
'am ne sa exa
group qg:ingqsql% off G1-fog abeyl, imad 94F @B integer of 210 6. More preferably, the acrylate-

based 1hl%itbl1d@ﬂitﬁh érﬁétth hﬁ%lé&é@ﬂ@iﬁﬁhélgﬂoﬁb[?gﬁéléiﬁlhg%gdt f
moni um hr,0 e inhibitor o
poly] 2‘{2 %ﬂ{trﬁﬁ‘ ?f’%ﬁﬁﬂuf%g’lﬁn ®pol ymer cont ai ni ng

poly[ Zmet}ﬁcwtn)ﬂ@(y)ethgk}mmhgmmﬁnmnhbnﬂe,ng a tertiary or

poly[ 2@%@%@&1&9}@%@1@8&%& W26 158X JHRT € noni onic

mercan be a random copol yner,

poly[ 2&%@M0Wﬁmwmemﬂéﬂml§n sblooidgmer , bl ock

cop t I
[0018] qlh)é 'Tﬁﬁb(t@r & tung%?é_lr_lhegalﬁﬁ% ?‘%ﬂl%\frﬁ: agl]y)s?llj%lé‘%{eo%&g?ég ﬁ)?’én@t Typically,

the mokeﬁhlabgf%%g Pgihﬁyvlahitweoféﬁn@mn&teﬁw Fi 390, tﬂn;ﬁérnor?\(e g, 1000

Dalton@bxexfnlefer GHZS(XBD'@llt@sgfr naord] (ls’rH 3000 Irultoas GfJinc)lhﬂl)O 'Pﬁéﬁ!ﬁblw the molecular
. C Ol. [, 1S 0 | or,o

weight SR K BHot St BfestbEpiRs 258,060 DGR E IR bbby Bpttons or

less, oralt0fd0dDaltons anldss oa SOH00IBakens of le2s) 2 Mordipeéfembtyditlet mnylecular

welght%g'ilfﬁﬁnﬁl%ﬁof"‘oﬂ‘uﬁ#é%ﬂ é\!cﬁfng 185500 Dakdngltd %6 800 DaRbA & ¢ 85000

n|n nore re ealng groups

ner _conta
Daltons iy} &0rfgeltons oo 100 Iaaltqma@ 80,880 Paltonslogen at om and
[0019] ONETRE ink8Hifor B Rin@ief e nse a olymer blend of one or more

inhibitfia oY g ff?%% ot tfl%éir) ?ﬁqqﬁrlﬁﬁa FRSHOUIH FUiRE f Rviners are

knowniim telirt. dDneofuitablegnéthod & alektrgsiow oprwesasmare polyniest ©ther methods

imvolv S RRAROERE pFERF, %57y BBl BERoREIPEL B ello HRBRAL Eflhnibitor of

tungsten etching that is a polymer blend.




3]+ wherein Rl is hydrogen or nethyl, R2 is selected
fromthe group consisting OC 1-C10 al kyl, C7-C10
wa@bdoghae7yt , and C -Cl10 aryl, and n is an integkCT/082088/001413

to 10. As will be understood by one of ordinary skill
in the art, the polyner conprises anions to provide
electrical neutrality for thg polymer. The anions can
be anpy. suitabl e anions, and preferably the anions_ ar

[0020] ¢ EQ% ahikitos of fumgsign 6 ‘lﬁ)‘?dﬁs}@‘? Ly Agyprspent an thgchemical- ‘mechanical

pohshlﬁgl térapédigon uhé p&ﬁt-oﬂﬁ%ﬁf“&t&io@&bbD ppﬁn&)r nddiée (é E‘? 5 ppm or more,

or 10 poi et 1 et E105t)y TRAIERBIPRG TPt Cohifg pSeablyis present n

the polishing campiositiegat thefpozhttaf-Be inviox empumtfaf 1800 ppmtdrdess (e.g., 800 ppm or
less, 0%0?@94 glbl?sc‘sggmr ?wb%ht ?rlesgf Aé‘ﬂl@ﬁieﬂrhef&ﬁ rng%rﬂns‘pomt of-use” refers

consi st

to the pedntyat svhichcthg p@lyslmag/qcz;nmt}qrr is m;plmd tarthosibsiratelshda¢ede;s., the

pohshlﬁ%FXJ 3rd&1€‘:s‘ﬁ&?x‘éfe¥§u9fék9ﬁ?@lﬁlt hyl]Jtrimet hyl ammﬂ' Ium

[0021]Ch| g\{l{ﬂ@glot glg@){rgg to(b%Cbro){mg OX¥) B %%Yar]t}tlei)ryrr?tt 1s%eﬁlg\tg?iraxatn11e

polymemﬁil mh@at()ﬂ@ﬁ %lggftéﬂ g?%lhlﬁgy%tﬁfaegyiu}ﬁ t‘hel’fﬁﬁg%ténaﬁétﬁmdﬂfﬁbe in a manner that
.chloride. e, J nhi ar

permi R eSHH oI a) 1ol G £ Rple By el Bhabiization

of tungsteh ec ith axidepangHurtbér seeesitohddoice,ar sobstantialjy reducet erbsiog due to

mechan%ig%}%%%af&gns A %Dtgl?frfaetz{lﬁgglg OTEapglg%H:‘?ﬂﬁbl%r)m{u?gste%retchmg

may sepyectsey piplegtive filin ap e face abthgrungstentmetal thay spdwates mechanical

erosior mﬁﬁ%s@éh &t & Euva&aﬂe%uzl%@ cﬁgglc@mﬂeenaﬁuéw bﬁﬁﬁné @f agsubstrate
200 0 Dal t.ons  or

000 Da
[0022] 5 Wl&%lr%ﬁb@nwlep isbing qemp@wafoeflg B, oo COpppatses in abrasive
The abrasiveaih be aite sigj tableodbradiee, nidnylftvticlodre twsligaiosm iatthéang A desirable

Y IOV OF Y N .
of alunidnd,tceris)siliqap0tegia, Zineoriimaind mistures therenfysMere prefinabily, thapbrasive is
silica. %@Eflfc§ CabP Ry mabp:l f%HH o?kilRen eU@EﬁﬂTﬁfrﬁls o? Eﬂh‘%b ﬁrﬁ?ﬁdeq;ut are not

t ungsten_et chi'ng i nvent| on,

limitedtip dpaied glict, pﬁ%ﬂl@lf?é% aasi eomﬁﬁlqnnpqlwaela%qd sﬂme The abrasive
partlclé%liiséﬂlb retheetveadon &esﬁﬁBlSI lﬁdif%laﬁfhv@%gf ﬁﬁtl@fe SV (@. g average particle

Vv at ch.m.x
aiametf3 o} A8 i o 30 o, Pireb e B alnosias ABEISEVE 6 BreiBgpRarticle size of
70 nm &n300nim ige. g9l 0@ furt tor2GOtnem). et chi ng that is a pol ymer
[0023] 3;2%%%3%%%;&32% EIQ:F&RIIII ﬁL c%feﬁ{lwgﬁ%cﬁgxﬁg 1%%!115‘19% composition and is
suspenges} insitery ael siitebler anapund of abrasiyeican bepregens in thepelighing gpmposition.

Typlcaﬁ§ Ojlp\Qf'%QFr HHefe.£€ 0P wt. % &pfﬁbfér o BB Ext.%Bor HRDrORBT BFasive will be
r bi.t or of tungsten

presengndh 1@{%@% c%%o%wog" Eﬁéwm ﬁlﬁfn %ﬁ@%ﬁ‘dﬂu@%l"h‘& hing composition
. typicalBowilloisd 10 @0 %adr ledsgambindte BhiddHe will bas vaXwillessie. §900Vt.% or less).

00241 PEITRE bS53 byes prAS B REob 3y, B R Rt st o e
suspension of dhrasive pmtlcl@s & thediquedscarner. Heolpodal tstabilitynéferts to e

mamtegéglr %S{E '(tel{ﬁ? %%?&th‘r&%h; tglﬁlé‘ﬁfgﬂ ﬂrl)lggoﬁt‘éxltﬁg 3 uﬁvsetn tigh ean abrasive is
considereg) Fallaidally By if, fvbetz e aprastve ig placesl sme Ad P@Itﬁacb@mdopyhnder and

allowe@ib S80d Rigithtel fér a iR F? holfs, tHi: diﬁ%ﬂeﬁc\!@ﬂeﬂveé{ th‘éh:@ncentratlon of
prit B on ot R e PSR i AU Sl
concentration of particles in the top 50 ml of the graduated cylinder ([T] in terms of g/ml)
divided by the initial concentration of particles in the abrasive composition ([C] in terms of
g/ml) is less than or equal to 0.5 (i.e., {{B] — [T]}/[C] £0.5). More preferably, the value of [B]-
[T}/[C] is less than or equal to 0.3, and most preferably is less than or equal to 0.1.




permts conversion of tungsten netal to a soft
oxidized filmwhile inhibiting direct solubilization
w@boosage:l en or its oxide, and further serves POI/US2008/001413
reduce, or substantially reduce, erosion due to
mechani cal abrasion of the tungsten netal itself. The
pol ynmeric inhibitor of tungs~y en etching my serve as a
protective filmon, t rface of, the tungsten netal
100251 { o Ty farisalmeshagioatpalishing <OTPOSitigR SPHRRALARRTATISES @ per-
composnthsA mat-eorelpdsumk;(ag H&Eﬁdd&ymhyﬁlamﬂemﬂ ICS'i&nﬂgil @fictéonary) is a
compourycp gOélgzlllblngnL Pe&fzt é%?%}(%?%% ? ﬁ%g %C alSI ve %&ﬂ'{tﬁgmg an element
in its h@csmxmtioa statee Examnpdes Qfabhmoabdsmnwenlngahxeawonmem” group
: [ [
mclude%lﬁa OA)EII e%aag? h Id{/ @ng aglﬁ?s a &s E\%Eglgal% \%&i l'éﬁir@gen peroxide
and pergatbepates) organis P‘ﬁ@x’é%wh@é hg H@foétdeal)‘tiﬁ‘iﬁﬁlﬁ acidp fli-ger-butyl

peroxid¥, h‘lo%@perhhlfai‘éﬂ ®@0sZ), rd?}%?élﬂfate%qg?ﬂﬂz"}tﬁgﬁ%dﬁﬁff)&@fnde Npgﬁerably, the
I cCa e Sil1ca can pbe

the abrasive i s Si
percor‘gﬁ’ﬁ)mg B&%P% CRRFRYIGF silica. Useful forms of silica
[0026] i ncWite alpek campoural is Ipreseiitad thecHenea-méedhaniaal polishing composition,

e By LGP R A
comprlh%svlé) wh%amémge gpdrwi. %l oz lesszer § wt.bo or lassp phithe q@mptosmoe
[0027] di &7Rd @ﬁc;rm@;l rﬁQc}ﬁHictaP?cﬁgﬁ nﬁfo@fﬂ%ﬁ@l‘@&ﬂab& H@s z?%l@lﬁt\f§9 or less

particles have an ave I'cle size of
(e.g, 83)@(1)es§,,rﬁr(6eorgless gofboh}?pq)o r},} the[mbﬂng\mg}pogﬁon has apH of 1 or
more. Ebérﬁﬁiol/@pﬂeﬁerﬂﬂ?&ﬁebohﬁlﬁ@&)rﬁ}ﬁ&m&ﬂhas ani @(ﬁh The pohshmg

1t
compo§fipt Bt AR STRPTsts S AARF iR o T s bl il ol & Potassium
hydroxjatel |”J§ie|pmgslmng'pompbsmm offtyquiatigicbynplisds pif b%fmlngwstems for example

poassiy o oS, IR0 by Bty BB e o,
[0028] Th emwmlc@fmmgamo 1sh1rxgrr@nmit@n|0pg0@aihmmssﬁa stabilizer. It

is well k}ri@\!vﬁ ﬂlndt lﬁyél‘t‘ok%n P@roiﬁie%d Yy plale&ﬁn cﬁlﬂﬂs E'i}érn%t §t¥BleGA Itﬁe)’presence of
o Or ess

many ms(aliggy HEHOY theprs e@l%@% eWafg\Pg}t thf sabi rLfg';l ton or jons and

the per%bﬂipbﬁnd Hae réRE N @ﬁiahﬁnrdhatelkgfaaei thetpee campqeidsiventiek. The
in the

part [ rier. .Colloidal...
sabitsGP gy Bl it ot et e i e SR of e
inventioh andigdduté the. effentivdnessoafithertchait. (Thiewfomythaséloetioneef the choice and
o B8 A A g i D
pohshlweorapvsem to stand unagitated for a time of 2 hour s,

[0029] heU@éﬁl{) ﬁ{ﬂ?ﬁ@&s ReSvRESut biendk %ﬁﬁﬁbﬂttb @hbgjmoﬁf: abid! b1 1@%c1ds (e.g.,
he. bo

maloni B RE R i e SRR it o A eyl eraceti
acid), dittdes, apd S(hel‘ﬂlgzm‘ds thut agr agalslt of bnyllmg’ldenetél[ 10hs amd teduexstheir

reactlvﬁg tc?(reﬂr%ig ggj 0\6 %qnﬁ) ik Qf?ll 'bQ'a Dé}l%!nafe?rfﬁﬁ rﬂ?i %ﬂ‘e%‘en?loned ac1?s can exist

La..

r asi ve
in the grrm#msglt [q;_\gsa (It%ﬁi salt, a@qmgpomgrrosag ¢1 the like), pmjcid, or as a partial salt
thereof|, Hok ekérhple, Igafé}latewcﬁ;d@rxﬁa%@%ﬁa a§ a’eu \i@hﬂﬁoofmc{ @lsalts thereof.

Preferrﬁcﬂ étpéﬂhgg;s?rq selg cégﬁ {\ ldg &egqlsttn(g qf r&zﬂoTlg(%gltsi} cHfigacid, adipic
acid, oRdIR Hctd |andfﬁﬁiatﬁfﬂsctﬂére@©|msbsm@1au9 peterréd stabitipér ie Aaldnic acid.

100301 {orRhe SEBZa TR SRRt R o B RTR eI RichEBalfFig K hpbicion in
any suitabié¢ amountg Desiratgysthe ameupterfstabilizen ipbasedvdihe amownt of the tungsten
etchmt%%gki%gerﬁqgw &n@)sﬁ%nelﬁgf?mb a; hd driodHt %I?gt%tnhzer w111 be 1 molar

Ion state anples o ounds cont al ni ng
equlva]egh@tmgﬁ:g(efgerm§) ag pqmbalents or more). The amount of stablhzer w111 typically

be less than 5 molar equivalents.



include but are not |limted to hydrogen peroxi de and
its adducts such as urea hydrogen peroxide and
w@ergasdsenat es, organi c peroxi des such as benzpyi/us2008/001413
per oxi de, peracetic acid, di-t rt-butyl peroxide,
nonopersul fates (SO 2 ), dipersulfates (S20G8 2 ), and
sodi um per oxi de. Preferably gt he per conpound |s
[0031] B¥gig% gﬁ]qnﬁg; ?éle%%g}ﬁggo anen R%éﬁl%é&%gg%? her comprises one or

more oﬁm@cﬁtlwso Suchhadifiges Heiide dRy seitdbldsurficaaeaid/binthedlvgical control

agent, Tﬁian))nsﬁo ggéha{lgmé gg)r% G o ou n q.ngsséf o al?g%ﬁﬁ 3 e8loglcal control
agents,|sesls s, 6ér extampbs wpakartei pmhym@r@)) zéljylafdfwcompnsmg one or more acrylic

subumﬁsgg @ Qlﬁ*_yll ?ﬁgpﬁ&' a‘.r)gl (}Q8+é I?Eésf %H@gglg&le?@ cg&ﬁgﬁr%g ¥nd oligomers
thereof @rygsaltg thegeafy Suitekly suﬁa@args gmhyde fqii@xg@p]egwpg@lc surfactants cationic

surfact§r9§'%§dnt1é Hdly. H@étr&lyﬁ's" c‘atloﬂlc%l}f%c?mlﬁééeﬁorﬁgﬁi% surfactants amphotenc
sition has a pHof 1

pol i1’ sh
SurfaCtgms 'Fﬁ’é’ %éfi%ﬁ!}?\ﬁa@&rfﬁ%‘l‘rﬁ t30dibg 1iKe-conpri ses pH
[0032] adj Thé tH@maﬂa’ﬁé@lanfo@I pcﬂisafr@ @nipokitiosi cag bd pfodupéd Bg ahyishitable

. hyd d |
technig 585 SEwRER Bl Tl o SO h el sl g ppesten
etchanttapdrtbgeﬂnbgtw lo& huigsten ﬁtmtngaﬂajobé tembingd sywh@nbefwrfeamymg the
pohs}uK%P 6&1511"1% ﬂ&sﬁ&tggmtﬁ%@n%ﬂhéﬁ@?‘% Gflied separately to a

g conposition

pohshlgg aed 1>r t@@rSUb$tfat¢ befpeg or upgfzate eﬁhuggerﬁwaim ¢he components
of the ;fm@hlag |&6fnp§§f10ﬂ WY epaREED e&msrnﬁ@ tfe 'u'f%&dl@nt@ &8 6@er. The

net al, i onS wi.t hout .t use
term “ R FhUSS DAEFIR inklndes dpdividbeLipgre feniin Gity RSy e gtc.) as well
as any p@ﬁbm@mmoomdgnm;entsa(acg ac[dsabmﬁlrs&ffa(tthl&t geyr ades t he

per V, bi
100331 Po¢ SRR o RhebblBondl Srd b nhibf o (Rie@rERenine can be
combingd ipvater iabpredetermined conentratonssand nmadrmmtllt sweh components are
comple@éﬂ/ RESHIVED eﬁscoﬁéerﬁllafededlgﬂ@ﬁsn of. E}?é‘tﬁgﬁ{/@ if ﬁ%ﬁ {ieh &1 bORdded, and

t he choi ce and anount e stabilizer can
the mlweudﬁ%ﬁtﬁdttarﬂveéha desdred; Goprendrabien ohabrasiye it the dinakpolishing

composlﬂGn DObt1§1|iH113'9a 9@1%?&11@% s(aB11i281, ahl$ 6fhiel addifidsl dad Beadded to the
but not to hos

cid, i
polishif Eoribesithi) iy iNs o (R PECPAEREN oF RroUsBoEEomagsEPE: 2.
before acafter addition ©f #od tdnggpént btaharrt aad tlet, inkibitor of tungsten etching, and before

or aﬂerezIdIalerggﬂg ?hﬁ%‘ﬂvg qk&h 5@1%% g"e&i ?]a!nd %1%(5& hg?ny ﬂﬂ:qlo% tﬂgtr at js capable of

are ca
mcorpcrréteng:@etaﬁ@ruwes' @aI:the\notlyhmgmmcgsm@m Emwmscanlbte ﬁMelr¢d if

desuedb?o 1%%"\/6 Cdrgd s&hﬁ:ﬂate ddaeanth Qs SEM dsUe Br ?w&g]ﬁ@gﬁﬁgﬁug F;]efore use.

e formof a salt a neta
[0034], sal He Belishing qqnmltlogﬁ(aa@%@remredayoa t, 854, With anejqr more
compohehﬁs saéh asithe pe%aimﬂ)cﬁmdlmdmab g pdmhmg Qgﬁ‘@?@rﬁbﬁ jit béfore use (e.g.,
er eo r.e

within 5oiifeos e TR0 87 w8 £ e b ety G B et b Prpre s o
within 2 howris before dse, or within Adays, bedaotiepise). dor examplel the intubior of tungsten
etchlngarﬂg)[/)ﬁ% oSS id (e rp?ésgnceﬁﬂ" tgé H.ang%]k%ﬁxﬁt{t%fr & fife E) cbresence of the per

r s matonic aci e stabil zer

compopgd. gl é§ ¢ situationetheralibiten offungrion tehingalaydiiadged to the polishing

compo§ifow ﬁﬁmEdlafely Befof®useYk.lzd mlﬁm@ Mnifhite VORSTE 188 loY withi¥e5 minutes
anount ﬁ abl li.zer i s base z?ﬂ th% {armunt 0
24 hours be

before ESEn gg ng

use).

our before use, or w1a’u ore use, or w1tiun 7 days before
[0035] The chemical-mechanical polishing composition can be supplied as a one package
system comprising tungsten etchant and an inhibitor of tungsten etching. Optional components,

such as an abrasive and/or a per-compound, can be placed in a second or third container.



etchant that is present in the conposition.
Preferably, the anmount of stabilizer will be 1 nolar
weouwswedrent or nore (e.g., 2 nolar equival ent SPOF/US2008/001413

nore). The anmount of stabilizer will typically be |ess

than 5 nol ar equival ents.[0031] The

chem cal - mechani cal polishing conposition optionally

further conprises one or nore other additives. Such
Furthermpye 1th eampenentide thg{irss or segpnd centpingiceanrhe inday farm while the

compoﬁéiﬁ‘@inCtﬁb CedrespONding coadidet can BCinlbé ﬁﬁ‘m\/(bfse@lQﬁ;hEG’us dispersion. If the

ver-corfpagags f SafS iy B Swidit SR, B g estin o R dhs mixture. The

per-comp@lﬂdeuaa bp ehypimds)spmamtwﬁamahe othepcompmntmﬁ the potisheng
compoélﬁ&é{ | b}’h er 1 %blgém%f 09 thxeé/ | &%or% B}{ aﬁ}e‘? gr{b%lla%‘o)% Sﬁﬁle components

of the norhé legfcomanatlgra mteswrlne rth@knoﬂgdgemﬂ cmesxf pfcanmmkdl m the art.

[0036] ncmﬁren{@il-tﬁ&ﬂrmcﬁ} pAHRhRIY oniesitidh BiblyCRm Y€ 0.4 M or less
_anlonlc pol yel'ectrol ytes, cationic

surfacta
of ferrig gitrate %ro{;m ions <l 000 pRmoer lessafrarnodymer selectgd fFosp dhg group consisting
of polysitiyliatidantes dlrﬁéthﬂbinﬁiﬁi-qﬂclﬂbf(ﬂ@&ﬁﬂ Bépblyrﬁb?(hﬂd pSly[bis(2-

chloroqefitri L @imia s p ek Wrs&ogw%fari&sbﬁdéca and

~ water, whedem thapH ivdrty 60 Moiei préfesabdy, kinoohenticalirthexhenisili pdlishiingn

compoglﬁﬁn E&rﬁgnfe@ 0. fﬁﬁ%ﬂﬂ G4 1\‘1'?)? erH@ IS qrb[?% ﬁﬁf;@gf{) n@grgof lea lymer selected

sten et c I ng _nay
from theerepmcansisting ﬁgpq preinimidazpleg diseatidamineospighjorghydrin copolymer,
poly[b1§(2bé1ﬂ61@Eﬂ?1y9@t'EEf hlwlrygbﬁswﬂgﬁﬁ@my%mha@yoﬂw]g &g, app!l i ed

poly(digiligi tﬁ&%ﬁgﬁwﬁ} g oA 39%38 <3’re£f4§&ygqﬁw3?tﬁ§ﬁt%r§§ Ylammonium

chloridecp ondhits3 oft.% besilicd, |05hwn§ﬁ> woltpweYd (bﬁhydt’fﬁgenlperomde and water.
The recﬁ.{eﬁ %?éce%trg%% soor}t% cltrﬁg% tg(brgl o serregel?nt Iﬁrﬁgﬁ%nggr%ragons at'the
point-ofme¢.vi dual i ngr ed| ents (e.g., acids, bases, etc.) as

[0037] vel I @8 Mo&%b&%a‘ll?%?ghat:;m ?61 ik 4 &m n%ften %G%tgﬁmng substrate
3

ases, surfactant For exa
(such aﬁ angBicondegtenwaieathe suberat Iywilberprerged aginst apoHghing pad
in the présenbeofCOpdlisARE doi’npb'@itl%h @Heﬂdﬁﬁ@ll@d Bhensidal, pressure veloc1ty, and

emper B B i oS bk P B B ES B hfula elipical,

or lineaabMypicay, thé rallamd: métienoftthe sidestrattdmd, pad isicitdubarm xt ur e

[0038] di | %lhzg?lia%l r@aﬁ%ﬁh ﬁ)g(iils&i){ﬁctﬁgh{e ddo(ﬁ" tﬂ% 1n@91r1t?0§{ V&hitable
I'ng conposi

pohshup&padé anebesienthbr eaarnplabwovep@nd ngpdvayen peli %hmg pads. eMom’veb guitable

polishi d cﬁrpcdrﬂﬁrs@% st m*rﬁasaﬂvh%gadenew h%r‘dﬁ@ssdﬂh'idkﬁgss

rati on of t he shin sition,
compreaeblélﬁ@ phtysforebound ypen Hﬁsr%g{@?&%ﬁm@ﬁ ps- a?ﬂtable
polyrnekbﬁcludéllfbr éx@lﬁrp&f pblynﬁg/lcﬂﬂbrﬁid; polyginydhbridef oylen,fluodbdagion,

polycafORhEhATGI A fdFict e beOPedl paa R, SARMPES: niPrgthenc,
polystyrére, pelptpropykese, avfarmeddegprpdidts theregf, cndpuixiurésotheredhie
[0039] M Xi‘h‘é ﬁrv‘e\r?tﬁbrpzﬂscf gobﬁfegq l&hﬂ&ébxﬁg&mu&& xﬁ@?ﬁ‘gﬁ fefi8fon, an

par I cul ate contam nant SUC a I ng
inhibitorafdungsten atedring avherein thegphibptorpktuggsten ﬁ@h@ge@w@lqurmpolmer

or polyai blRAd ROAPALRE aDIe'aQronfeer&ﬁng \tdup RRtHrRing @I &st one nitrogen-
onent such as th eager coglgl ound, added

containgg) ROHPRIFHESTHRIG A R RS an AT aten 0, wheeln By inhibitor of
tungstemierchirgs B pkeaent a1slee paint ofidshiim arb ammonmttcefd gpeh 6o EOOG)Sppm Giilica,

malomx\”act:lla Q)dJWR rTlpeﬁtgérefey%?ers of'thi %B?élﬂrﬁ%éorﬂﬁ&qﬁgqn rtﬁe amount of

ore
ferric 1¢rn ﬁ]irebarn@unt@ff siligafbe gmount of malonic acid, the pH, and other su1tab1e additives)



etching may deconpose in the presence of the tungsten

etchant or in the presence of the per conpound. In
wG@omk/0g4781 t uati on, the inhibitor of tungsten ePChUSIYP08/001413

may be added to the polishing conposition i mediately

before use (e.g., within 1 mnute before use, or

mﬁthin 5 mnutes before use,jgor within 1 hour before

thin 24 hours before use, thin 7 da
are the S 205 S Hhos6 BT oKBeRIrehEshanial RaliFing CBRe S gseful in the
methoct@ﬂ'theﬁivbnﬁ)dsn can be supplied as a one package system

00401 T8¢ ARkl S5 ok I Bl b, o campte
by (a) @intazting e sabsivaty with phzer cheoniprdumethaniaal fodishing cevhposition and a

pohshu?%ﬁ&ﬂ gb)%o{nlﬂg gk gcg ish n r}faﬁ rgl%iﬁ{/@ﬁ)rtﬁp 5 strta{éew‘g? ARURER Gl-

t~or contal ner can be 1In form

mechanjpgl pelishiag comperiton Sierabetwrencand (e plonding gt k@ﬁﬁaap%@f the substrate

to polishaRe Bbsiratel MefcAbMI@Af-nROhAHLE PUBsHAS &ﬁﬁ?és‘i’tﬁbn isfespditally useful in
|t may be Supplied either in

npound. i s, a sol.i d,
theme@“PQ ?g’rer}‘}’}ﬁ‘i‘m‘&§d§ﬂ°r§’ fl@B¥ i xt ure. The per - conpound
[0041] anThefcﬂlupphg @chnqﬂpsafuamei Muktraatheniavaitivarbut afirouss) should not be
tion. O her two-container, or
anmnu?§a§u1 E%gﬁb gﬁﬁéé conblnatlons of the
corrponents of the pO|IS g 03|t|on are within the
know edge of one of ordi vl in the art. [0036]

[0042] Th eTHlQ %ﬂ&rﬁﬁie d&'ﬁfﬂﬁﬁ’@'tﬁ@&ta@@&bﬁ Pdté@oﬂ‘sgméﬁ SHeh @D ohshmg composition
erably rlses 0.4.Mor less of ferric nitra

useful lartﬁ? EpieRGS HRGod LDBOORASH Y Corsing imidazols gad asgnigelcegnposition
are eprﬁéﬂ”tbtahﬁn@tén’lébrﬁﬂﬁﬁig%hbﬁt@t@f pol yV| nyI i m dazol e,

[0043] 0 olnglﬂ}?/l agnn etu%glstgrtl] lw%. e%] %gé gxp%gcpdo to’six dl’fferen(ii compositions

(CompesitionsolA, hl;B )1€1, Aex, 1Bl and 13- [Hash 8f theti cotpoyitians capprisgdyd.§ wt. %
silica, Mlﬁ@] wr. J}}&/&F ﬁ?&%%{%}ébgsesoh?ﬁdn r}ﬂtr&@t(% 0.00P7 §t ferric nitrate),

and 32‘& n@'m ch ana-l%e aeidiin a{atqsomdshﬁ dragpld @%q’éés iGomappsitinphA §eontrol) did not
contain otdricenipofienys. € ofnPbsitiond 1B, ldF&HH‘I c@%graﬁpgj &lditfonally

containe1 4 bR Sbf? SRR R R ——

Compositioas YEBhd IF (invention) contained 100 ppm and 125 ppm of polyvinylimidazole,
respectR/%i [ bi s(2-chloroethyl)ether-alt-1, 3-bis[3-(dinethylam

ropyl Jurea], poly(diallyldi met hyl ammoni um
[0044] ch| ’5]5) planar tungsten wafers were immersed in each of the compositions at 43.3° C for

5 minuRR! Md3né Hﬁlg%ﬁ rsbéltle3éjtcﬁ’ﬁ@e%rhéiig]sﬁﬁh%&%hﬁl@a%s%emmefofor each of

il
the corﬁnosgiolaﬁ %Mmaéwg the changgan waker thigkagss and dividiag thechange in

thickne8 B¢ SNThakésans afef suiiedrifed 66l Taolenonents refer to the
concentrations at the point-of-use. [0037] In the

Table 1”eflﬁlggte8 t&pﬁrrgegal | y-nmechanically polishing a

ATVAL nn cnhcfrnfo /cnr\h ac a2 cam econductor
\Jl. A2l | CUTITUUUT TITTTIY U0 ITUT LU\ JUOU0TT (Ao U 0TI CoOTTooOogoc T oT

waf e(E()mesmorsubst [ at e t ypilcal | y wiBt¢h RetefAdmind
agalnrka qo%trgﬁl Ishing pad 11 the prezgs%ce of a poli1shing

L Aan ||nr~lor caontraolllad r\hnm nr essure;
TTaCT CUTIU T OUrirtieua \YA B A2

\J\JIIP\J\J

vel okB(opmmrmwle)arrperat ure |conditi d8g.2 The relative
m)tll(w(c% l;althw% bstrate and pad c‘% Qe circular,

nnnnn roall g al at artEi-aon
Clllpllbal, LA S Iyls.lbally, Lllc |C| aLIVC IIULIU

of tliié(mmatmeh and pad i|s circull@.9 [0038] Any
sui tgbiifvdiplbhphi Ng pad carl be useq6i1[$ the nethod of

l IIC I IIVCIILI UITT. QU l d.Ul C pLIT bh_l ||g paub | ||b= udc, | ot
exandl @nveRi9Bh and non- woven pol i dBBAY pads. Moreover,
sui tabl e

[0045] As is apparent from the data set forth in Table 1, Compositipns 1E and 1F containing
100 ppm and 125 ppm of polyvinylimidazole, respectively, showed reductions in the static etch



pol i shing pads can conprise any suitable polyner of

varyi ng density, hardness, thickness, conpressibility,
W@RioBi094702 0 r ebound upon conpressi on, and coin@B/ﬁsmnS/001413

nodul us. Suitabl e polyners include, for exanple,

pol yvi nyl chl ori de, pol yvinylfluoride, nylon,

fl uorocarbon, polycarbonate,ijpol yester, polyacrylate,

TR M N T —

1A. CamgositiaisIBs1 0, had 40X conftAifiag]1 00ippm, 50€ ppllnpﬁhcﬁl @0 ppm of imidazole,

hi £
rspecf SRR BB Gf STRERLARAP ob 'S Shid by fvectvel o
comparagHp B¢ eomtsl compostien ist, dinmppsitond ApoTheseresults Jahynsrate that

pOllShlﬁ? 89&&)8%5n5bé0%mmﬁg nl}fi{lbﬁbr@ 9f |ff’,jst%ﬁ‘%{chi:}%Qn a@&ﬁﬁ&ﬂc@gmth the

u conpri sl ng a ea one trogen nt al ni
lnventlﬁae ypignikicantly dess rstaéICteéqhm&aﬁtswompaﬁﬁﬂatp@pmpyltlﬁm paj@iAing

imidazateQdid th1€drRiol chmBodifibh.bi t or of tungsten etching is
present at the point of use in an anount of 1 ppmto

1000 ppm silica, mal Onlﬁ ﬁrp 2nd wat er. The ot her

features of this polishi 6@@6 % ition (e.g., the
[0046]anpXThis exhmipler dénworistrates theeeftacbom brosfon if Ipattaned tungstemebhtaining
wafersqgsifi'@x{ éfggl? aa?gitfg) eotfstﬁge n@ﬁé@%@%{%@ﬁﬁ&%ﬂlﬁ (}e% Po]tisnhéng composition in
accordanpenvightheripyantigncal pol i shing conposition useful in
[0047)t he Sﬁﬁﬂﬁ%ﬁbﬁfatés%rﬂﬂﬁéﬁ%‘ ﬂtuggstex{ Q%Q]d dis Qﬁérhéd" §ifidon dioxide coated

It)on can S UI 1z
with a S 8Y pagrier 1467 wsssamﬁa ast i adbe Y 0 o reaghes within the
patternwids? inlilﬁ'o@sb ¢ind widdth ofsitieon dl&kldﬁ@letvﬁééhm@nﬁlwml 2 in@droi) @nd the

h d i hg.the [.shi ad r

patemRFh 41 89030 ALOE ARLGELAP AP B e
substragesrmpitls thiei compobidioeh e The poljshingbafanetatsrvacte ag fatowse golislang sub-
camer@ﬂéstsur@ [f Eﬁ‘% k@ tl@?tpgg{ oﬁ‘ﬂrés%&retd?gsl’ I%ti?ﬁat(@?itzg -psi) able speed of 100
rpm, CE e 995% wmng presme ﬁ%i%@: &P@{Z ' hesi), pedphing gomposition
deliverdeateof 180 nethRveand &Q4it] pddh&nldeidnayd Mg3a(mbﬁ$Kf-gl'65{7&l7$uba v

Illustrate the invention but, of course, should not be
polishipgpad.r yed as in any way liniting its scope. EXAMPLE 1
[0048][ 008X dififlerent exrapquiitborsomrames] tolvhemiallyaneshaticaldy pslish the
substra?&j@'o%{ﬁ)gmmﬁ{]%ﬁ e ! ié rEIB] gZEC?H% thEacﬂ oﬁl?ef éjomnéogxtloqlﬁ compnsed 0.5

rve nme conpos?’
wt. % silien, 8.4 4A vt 06@@0@%@@%&5@@@09@6@@ narate (i.e., 0.0017 M ferric

nitrate), Hﬁkgﬁ(?ﬁprﬁ‘?ﬂh?dl&m@ deidUR Satéd ! ghd RAAQAH o§2 B |C"Um1msﬁﬂﬁ‘1r2A (control)

f ungst en fers were exposed to six differen

did no ARY Qfher ?@Rﬁ?@gﬁst | qs;@onﬁ@ (cg@,paqagve) qgldlt&mglly contained
100 pphF()f infréa401e0 f CéripositistpDG i(inveritiond @Gﬁhbﬁaﬁ@ ddnbaiéd 100 ppm of poly(1-

v1ny11n?1g%09§ CP(}ni;pqsgloﬁ 2D/ %mve%t%)g ?Wl i Cé)nﬁ?qelﬁg}t utio g ﬁ gf

poly(dmmhﬁgmwﬁcqm@domhadnd) i Gompdsition 2 (inkentioa) pddlmcbna:lly:&:ontained

100 ppgpﬁg'gg gj 'cﬁ’l%rdeﬁl fe%r ‘Ptl ) 3%@({3 %&neﬂ%&ﬁﬁa ﬁ%yrgﬁr C(Smposmon

2F (invggton); aéﬁmqnyllb Gotamadd0 Q@gmmfmoise(@l@llblﬁmlethm lampogourpp ahloride.
[0049]of m SlasahRs WebSpSifshied at dhdpbint 9nﬁt20%bvexfa{m0$rb§1&was

determmﬂiﬁ Wft%.l[egx\ég g}t ]équlzt o% }c%ln r3)?(1de wit Ohlg Ft)he &?t%mléznsd ﬁ)ep gﬂt of silicon

oxide outside of the pattern, using a plane parallel to the surface of the substrate as a reference.

The results are summarized in Table 2.



respectively. [0044] The planar tungsten wafers were
i mrersed in each of the conpositions at 43.3° Cfor 5
worRewenesP2 and t he tungsten static etch rate (iPCT/US2008/001413
angstrons per minute) was determ ned for each of the
conpositions by neasuring the change in wafer
thi ckness and dividing the ghange in thickness by 5.
reeults are sumari zed in Table 1. Table 1:
Table%—u QRAIROWNS Rat ag [0045] As is apparent fromthe
dat a seﬁmﬁgﬁbh in Tabl e 1 Cbnposnhbgeﬁ(Aﬁ and I F
contarntng 100 ppnrang 12 ;
reqnegfﬂ(@}‘mml) showed reducltions i 4/ static etchrate
of 372@@5&1}4&%\@spectlvel y as comyaiged to the control
co 03j tions, ,__Compogs|i tion A, Compositions 1B
np Zh(FhSWHHPnLann,TRn ppMm Rﬂﬁgnnnrpnnd 1000 ppm
of |ntD4ﬁﬁkEUmﬂespect|vely, " showed4.@ductions in the
stati Ich Jate of 25% 2T% andsﬁgib respectlvely,

cohtrol conposi

Conpo?F (inwentloA) These results derm495trate that
pol i shing conpositions contalnlng I nhibrtors of

[0050]t “”%H{stp‘%}e‘h%% t!hg d@&lcsgg g)?ﬂlt 1. Tdb {% B “?n dl%%tifg_g:omggratlve)

cant |
exhlbltteé ag epm@stmatdvi%%mpmam Weerosivn ay enrepaetﬁfb withdhe egntyod composition,

i.e., ConyBRARNIA 2 nCorEE@SMD bi2@ ([ededn) Erhibited @@hﬁaﬂy no erosion.

denDn ffect on.erosion of
Compasifiggs 25 3ke Fe{lﬂ&%ﬁﬂb?@lblé@tﬂnp%m@%héi{mgﬁﬁoﬂﬂ%&%
decreaded én eroRion] te@pez:noélyt ab’kgﬁﬁd Iﬁiﬂecﬁtocthh & Bgntia) camPositieh, itey Composition 2A.
itio ccordance with the inv nt|on Q
These &8I R fate ISt ok b Tebe i o SGptiaty
reduceg giroaghnthe us¢ bf z polidhing«ahepastaindd ag¢arflarece WithTihsl ifmeentioer
| ayer were used as the test substrates. The wi dth of
the trenches wi thin the prihgsE¥as 2 mcrons, the
of si|icon dioxide hetween trenches was
[0051] i cifbmexalaﬁt? demonstaates the effesten §roggn of paferned tungsten containing

wafers ‘i‘é&ﬂi[fﬁfgCﬂr@Ha&ldl@éﬁldf aktikitdo bf filnighten eRBIngWd % pésiSking @omposition in
ﬂ? he substrates with the conpositions. The
accord%{ﬂ

P4Pdf®t ers were as fol l ows: polishing
[0052]sub Smllﬂarsubqlra&swonmmfngzmngstétﬂaveﬁﬁlcﬂmﬁo paitgrnedsitikon dioxide coated

with a ﬂ/?ﬁ@ HaffieP f yé#wéreﬁf@? Sggh:la?tést Qﬁﬁgtratetsa@agh 8?&1%%5?%\&5‘58&&5

carrie rlng ressur .
comprlﬁ@hmpg regonsif )cfo iffgrent patterns C(%@Wﬁ htlwemdtlwf;/thp #reachss, the width
of s1hc@n5 Qld’f‘ldd’%é@weé’iﬂﬁe @ﬁén@defs Uarjdafle Eﬁ’m{lfdb@ﬂyn Q“Hé%hﬁﬂlc&nk&s of each of

the ning; pgt%é%% osgv o ?{lil Bﬁ Bteé Vé:cérshageé% ﬁlﬁ ava1 e po 1sl?1ln)é tool was used to
polish thesubstedtdsywitte psléshirgpddnypasitlansh The olshinsd patmsters were as follows:

22.2 kﬁa(@prgjogm aé\gﬁﬁrc% ?s%lsu’ée Cp%gh%su%stra A agglpF t§ Fz)ghsﬁi%pﬁ lb)l)ﬁI fpm table

speed, 50 mLmnvxpolwlmmnmsg@Intﬂqvomt@fanﬂ ase pa polyneethang ichemical-

numhmgcg ﬂgyhgggalc nitrate), and 320 ppm of nalonic aci d
ter nd had a pH of 2.3. Conposition_ 2

[0053] (c oﬁwrdtlffetfpﬂcmosatmsame g#edl torchemical w@ﬁmgally polish the
substratédIPeipokifioneBA ( SBME aati379) Fadk bf iletahdpysi€iens edmigitked 0.5 wt.%
silica, 0.4143 wt.% of a 10 wt.% aqueous solution of ferric nitrate (i.e., 0.0017 M ferric nitrate),
320 ppm of malonic acid in water, and 4 wt.% hydrogen peroxide, and had a pH of 2.3.
Composition 3A (control) did not contain any other components. Composition 3B (invention)
additionally contained 300 ppm of poly[2-(methacryloyloxy)ethyl]trirrtethylammonium chloride
having a molecular weight of 50,000. Composition 3C (invention) additionally contained 200
ppm of poly[2-(methacryloyloxy)ethyl]trimethylammonium chloride having a molecular weight



100 ppm of im dazole. Conposition 2C (invention)
additionally contai ned 100 ppm of

w@oiogpdardnyl i m dazol e). Conposition 2D (i nvent PONYS2008/001413
additionally contained 70 ppm of
pol y(di met hyl am ne- co- epi chl orohydrin). Conposition 2E
(invention) additionally congai ned 100 ppm of

i s(2- chl h
of 200,364 G FrpesifeR ADURASHPHNBitispally cruaiped | KORBBSIR | on 2F
polydldliymlmrethymx)madnirrt cldorddé.y contai ned 100 ppm of

[0054] pol ¥§1 rXt!eg LR pgc%i sﬁgﬁfgﬁ 0 ﬁlggfug 'ﬁps}.g?\ije%&gé?}g EIgs?on was

subs es S er e oi N
determingdap chq differeBcom heghtad silisor onideodthas themmttginf dnsk leighd of silicon

oxide du?sﬁfbﬁﬂ% pﬁ’tfterﬁ' ﬁsﬁr@i‘Pﬁﬁé ggral%l G'tﬁk § cPdf {ll%rsﬁbﬁ'pﬂe as a reference.

l'1'con. ox ut SI e pattern u3|ng

The erqsiqs) eaqhéb Eféraéleil@l ofithe ping %ﬁﬁmaegom IStSH@W dinfablasd. a

reference. The results are summari zed in Table 2. Table
Table ¥ ErobioaAmsudsounts [ 0050] As is apparent fromthe

dala Sel Tjoytn I 1 aDl Z, mpos I OnN \AE
Pattem(‘nrmar F—'lfl\ll\ e hited an afl_nr oxi Pmt el 36%liher edde 9

Trench Wi@hqQah)N @$8 cqQrpag ed ovd t h|jhe cpptrol| gonpasj tion,y 5 3

Si0 i (bt |90 St 029 . | 40 b bt o | Scled 1 0l 20, |95 |1

Densind 2F (i Nvs%i g 096X Nishp4 e sempr DRO%AL (3502 87%067%675% | 75%

ald oZ% Gegéeas Ah roston, respectlively, S
CompP?htFﬁBrpd 1 1EHoRON ANt v 0l commosition i e Conposition

3A (cadrolfhese [rasul t|p3demonggr at 814 haf 26y osion of| & 628 | 683

Tun en- contarmiig tayer ¢ be bstantjal tfy, reduced
3B (nvaRURTE ¢ HelUee |0 a b shl Bl cohfhei tiBh i 4> | 323 | 349
3C (lrﬁeﬁmﬂance M5t h |tdge | msenti b1 EXAWMPLE (354 00915 Thij233 | 225

3D (Y5Rined lriflgst St3conda? n hd Hias bHE ¢ dsiith s A% ¢ osl? | 517

addi ti on of i nhi bitors of tungsten etching to a
[0055] pol As i appacenirfrosi the dataiset facthdn dables, polishingeompositions 3B, 3C, and
\') | . oy -
3D, Wh{l&l S&?ﬁéu‘? ﬂ]hﬂLlQ gtugg%peh g{cPfhgq é@o&?ﬁc‘émﬂﬁ ntlon exhibit

st én over con di oxXi
SIgmﬁQ@nﬁY tegs wfosipnan The/ mlmhmrqf ialrsubsitate patterns fu@eunqisthm the control

polishiAE8SmPeAsdd. At ex ?féhw@tfh bRt B substbt pattes cSﬁ’xB'HElhéqqmcron
ni ne reghons of ditffere pattern %%gar acteri zed

trencheg sgparatad RY JfMICHN TELIORE R §1 licon, diox} daving|a pattern (?ensny of 50%,

Compoditmms GB be | aieID nheeﬁtfoﬁam ehﬁsxte@mmhmmﬁty 17 e%n 76%0 and ¥3%
har act er i e . ni

decreasty i FRSDR eRPRkHE o CoRTRRTS ot S SOmPRR 1. Ebfnposition 3
(contropo| Theke regultodimanstrateshat eresigoof zstungi;ten-smhtainnxm lagervdantbe

substan?ﬁh#/ %ﬁdagd ﬁﬁ’g@ﬁh& BQ@?f a gafshﬂ'g é&%"?g‘f’@gﬁ %?(?ggérr&g ‘Q@P-lethe

inventiphe substrat e agai nst the polishing pad, 100 rpmtable
speed, 150 nlL/m n polishing conposition flow rate, and
use of a pol yurethane chem cal nechani cal polishing
pad. [0053] Four different conpositions were used to
chem cal | y-nmechanically polish the substrates
(Conpositions 3A, 3B, 3C, and 3D). Each of the
conpositions conprised 0.5 wt.%silica, 0.4143 wt. % of
a 10 wt. % aqueous solution of ferric nitrate (i.e.,
0.0017 Mferric nitrate),



320 ppm of malonic acid in water, and 4 wt.% hydrogen
peroxi de, and had a pH of 2.3. Conposition 3A

w@ e@sn9oh) did not contain any ot her conponentBCT/US2008/001413
Conposition 3B (invention) additionally contained 300
ppm of pol y[ 2- (et hacryl oyl oxy) et hyl ]tri nmet hyl amoni um
chloride having a nol ecul ar (¢ei ght of 50, 000.
Conposition 3C (inventi ong 23&5@' onal Iy contai ned 200
ppm of pol y[ 2- (et hacryl o thyl ]trimet hyl anmoni um
chloride having a nol ecul ar wei ght of 200, 000.
TonposA themicalBnéchanial palishimgriahinipositianl cprmpoisingt ned 110
ppm of pol ydi al | yl di met hyl anmoni um chl ori de. [ 0054]
The submicrian,es were polished at endpoint plus 20%

r p |. . ¥ . .
oS A B AP Rty I OF bR CRhing s o
hei ghtPobfmes; ¢Qrobymesx pripolymes blgad spmpriging gt keastpne gepeating group
a pl angmipaisilglaeleabQorfefitrs sl ésiaifthghbRrdyoRt Fak r a$erflary or
reference. The erosion exhihited ag ch o;rgtﬁhe nine .
pat t el {CEHTHALIOBED iohnd) 7R ﬂ’ﬁdﬂﬁ 1tgr offyggensetching 1s present
Er osi an aAamonhtsof] I0f@b ko ABO0 pprappar ent from the data
ggt f%mcla in Table 3, polishing conpositions 3B, 3C,

d 3D, Which contain inhibitors of tungsten etching
i(d) acaoaldeineeidwandh t he i nvention, exhibit
s(g,pni fifantly less erosion in the polishing of all
substrate patterns exam ned than the control polishing

onposition.  For exanple, with respect to a substrate . ..
f?at t eﬁhle%ﬁﬁfqagmﬁ@q%lw#% epmpestiepfilam fy whergin the inhibitor
of tunggiefi letthirigeig ia @obyviriylhidagsien di oxi de and having a pattern
density of 50% Conpositions 3B, 3C, and 3D
(i nvention) exhibited approximately 71% 76% and 23%
decr eddheshemical-osichmical popidung vehpositen eldlpiar 2dvhereintthe inhibitor
: bk i Conposition 3A (control).
Ofmng%’ g§£&§n§§8:g?’gwégzn‘%%ltdrng?zed%)hat erosion of a
tungsten-contai ning | ayer can be substantially reduced

thr ougthetdA8mitaE nidichahi e lposiShing c@rﬁ?@s‘i’ﬁér{ 6£d)ail1, wherein the inhibitor
£ accor dance %Eﬂt he |nv.e}gt| naCLA 1. A
ot tungstan ffcoyIe 15 ENGSE L ATNY LD YPfon conpri si ng:

(a) ferric ion, (b) an inhibitor of tungsten etching,

\gﬁer e'ﬁetcggmgﬁgﬁrc?g{lcﬁ 68‘1&'] g E%rﬁg«ﬁsg&%{oﬁigcrl%nzrr 2,gw}é?rem the inhibitor

ol yner, P r, or [y
of tungign stchingas rsppalymey ofj2.3irdichinrpdiethyhether andelis[ <, N-
dialkylHIkfIR@EN- cont ai ning heterocyclic ring or a tertiary or
guaternary nitrogen atom and wherein the inhibitor of
tungsten etching is present in an anount of 1 ppmto
B000 pmechémicasidchanicdl dbliskihg bbreipasitich oBdGind €)whéti@lthe inhibitor

condiy A i | O

7. The chemical-mechanical polishing composition of claim 1, wherein the inhibitor

of tungsten etching comprises repeating units having the formula:

[CH=C(R")C(=0)O(CH,),NR?;]" wherein R' is hydrogen or methyl, R? is selected from
the group consisting of C,-C alkyl, C7-C)¢ alkylaryl, and C¢-C) aryl, and n is an integer of 2 to
10.

8. The chemical-mechanical polishing composition of claim 7, wherein the inhibitor
of tungsten etching is poly[2-(methacryloyloxy)ethyl]trimethylammonium chloride or poly[2-
(methacryloyloxy)ethyl]trimethylammonium bromide.



of tungsten etching is a polyvinylimdazole. 3. The
chem cal - mechani cal polishing conposition of claim 2,
wob@se4101 he i nhi bitor of tungsten etching i s BCT/US2008/001413

pol y(l-vinylimdazole). 4. The chemi cal - nechani ca

pol i shing conposition of claim1, wherein the

i nhibitor of tungsten etching is a

di al kyl am_ne- epi chl or.ohydr.in copol yne

cheni cHie-shepreatnechan *] rofishige eewgegrlw eﬁclaxm §1 Whefein the
polishinh €5:apsitibre fuirthlet &briéﬁlﬁse@ﬂlyﬂwgﬁﬁ édxRleching i s a

copol yner of 2,2 chl orodi ethyl ether and a

bi s[ W (N, Ndi al kyl) al kyl]Jurea. 6. The

cifeni CEie chemficalineeghargodlipphisingg compostion oficlafm 8) whereih, ferric ion is

r gsten etching is a

presenm% C?)ggelft{aﬁpg%?rg{bpg ia\dn?r%%%umm chloride. 7. The

chem cal - mechani cal polishing conposition of claim1,

vher eithel dh@mi iunfichMicaf ohb'l'ﬁﬁ@ tc@x‘ﬂp@&fi&'l BHCIGRHRO, Whtein the

repeatin Its havyi ng t e fornul a:
pomhl@?@}‘@(’ gﬂ‘tﬁ@@? HRRY 8P+ wherein RL is hydrogen or

nmet hyI R2 [ s sel ected fromthe group consisting of
|, and.C6-Ci0. aryl, an
G2 O el S e Rt bomBOS SR EhRt Mo
polishlpg)bompomgorcﬁmhosmmpmesfa pet-aompdyndaher ei n t he
i nhibitor of tungsten etching is

pol y[ 2- (mst hacr yl OK| oxy) et hyl ] tri met hyl apmoni um
didt or i the <he anical polishing composition of claim 12, wherein the per-

compoﬁﬁ@ishé}@fdgeﬁ)pb@gyaeet hyl ]t ri met hyl anmoni um br oni de. 9.
he chem cal - mechani cal polishing conposition of claim

8 wherei n the polishing conposition further conprises
Hydr odHre qheﬁﬁnaﬂ-dﬁachélﬁcal'H@BSIth ﬁbmpbmﬁéﬁr bf¢laid@ll, wherein the
CHW wherein ferric ion

pohshﬂqgc&rﬁgéﬁ1 or 8 alson n%nsegratamérrllo %(fld 0.0002 Mto 0.4 M

11. The chenlcal-nechanlcal pollshlng conp05|t|on of

Glsal MFfL HURELP! AYoliShP 9oRpoR %, Whdkn the ami

.of 1to 6 12T e C gm(yga{? rrgg?] EI ca ﬂﬂ?n’g éin the amino

acid is gbi¢H%si ti on of claim 1, wherein the poli Shl ng

conposition further conprises a per-conpound 13. The

or oi T RET S Tt POL ) FogB it Bhsiaen {igheryieric ion s

presennheamonaér}tmaohaﬁ()@ﬁm poHta GHIMg corrposi tion of claim1,
wherein the polishing conposition further conprises an
am no acid. 15. The chem cal - nechani cal polishing
ddnposhhei damégal-meghanical polisling pwnpmtlmgﬁam 1@ wherein ferric ion

is pres&lt Yi£ h BSncentration of 0.0002 M to 0.04 M.

18. The chemical-mechanical polishing composition of claim 1, wherein the
polishing composition has a pH of 1 to 6.

19.  The chemical-mechanical polishing composition of claim 18, wherein the
polishing composition has a pH of 1 to 4.

20.  The chemical-mechanical polishing composition of claim 1, wherein the

polishing composition comprises:

(a) 0.0002 M to 0.4 M of ferric nitrate,
(b) 1 ppm to 1000 ppm of a polymer selected from the group consisting of
polyvinylimidazole, dimethylamine-epichlorohydrin copolymer, poly[bis(2-



16. The chem cal - mechani cal polishing conposition of
claiml1, wherein ferric ionis present in a
wa@oemwsemroat i on of 0.0002 Mto 0.4 M 17. The PCT/US2008/001413

chem cal - mechani cal polishing conposition of claim 16,

wherein ferric ion is present in a concentration of

0.0002 Mto 0.04 M 18. The jghem cal - mechani cal

pol i shi ng osition of claim1, rein_the

pol i shi ng 05@)%%53/15%?{-%3%&3éni{ﬁr(évngf@ﬁwo)a@p%}w@a], and

chem cal - pebfizdimetlacydd ylsy) eyl eipabylhmaionidim ¢hiiride,1 8,

wher ei @ t rﬁed%ol i shri o} conposition has a pHof 1 to 4.

20. Tf* chem Ear PREEHShi cal pol i shi ng conposition of
cl ai m(d@) wHergind t he polishing conposition conprises:
(a) O.(Q)Oogva%rto 0.4 Mof ferric nitrate, (b) 1 ppmto
1000 ppm of a’ pol ymer sel ected fromthe group

Wherel%éh?sﬂl'gﬁ htp ®f pol yvi nyl i ni dazol e,
di met hyl am ne- epi chl or ohydri n copol yner,
pol y[ bi s(2-chl oroethyl)ether-alt-|I
, 3- bi s[ 3- (di net hyl am no) propyl Jurea], and
pol y[ 2- (et hacryl oyl oxy) et hyl ] tri nmet hyl anmoni um
chloride, (c) hydrogen peroxide, (d) silica, and (e)
wat er, wherein the pHis 1 to 6.



