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polish the substrate. [0006a] In one aspect, there is
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pol i shing pad and a chem cal - nechani cal poli shing
conposition conprising: (i) a tungsten etchant, (ii)
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pad relative to the substrate with the polishing
conmposition therebetween, and (iii) abrading at | east
a portion of the substrate to polish the substrate.
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quaternary nitrogen atom The invention further
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ion, (b) an inhibitor of tungsten etching, wherein
the inhi-bitor of tungsten etching is as recited above,
(c) silica, (d) malonic acid, and (e) water. [0008]
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conprises tungsten, such as a sem conductor substrate.
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conprising repeating groups conprising at |east one
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? gnlb\é HP% )’f/‘ﬁg ?e]lﬁjmsz;? rP Bhday! ’bﬁfcﬁl?yr tht";l Hlatnlve Botkindf e substrate and pad

am no) propyl ] urea], .%to 3 wt. % of
SofPal "0.1 wt.%to 10 wt. %of dro en_per oxi de, rg)?l
0asEr . Ahosuitablg noéu@hnméemhedﬁqddh@e B'Fthg‘b%fctﬁ? foggntion. Suitable
&Eﬂﬁ’fﬁﬁﬂi ScliRf RF exafplevieercad senvover padisiingatads. Hdoreover,

Blaryin density, hardness,
glhtaﬂ] %oqlsl}n!lj pedds %9%?15 ﬁygﬁﬁbipﬁélmo rying

thigkpess, éﬂﬂ%ﬁ;ﬁlplgpn % g%j:ﬂ@rldlug el ngra?ﬁm and compressnon modulus.
Saimble poistucrs mpludvafoep&amplemlysmm@hlpradeepqumygmopgc WP be
ROSSERn %Wcﬁl-ﬁ&na& pdhktes polgrypad potyetitchgolye bglewrc polpinide,
Bplé%rgtﬁancgpo TS e?tg p%iys}gg E}{E%f&ﬂéﬁ Jr@clu'c@ therdd® %@ﬁlxtures thereof.

Ly ature . condit .
33k i V'EherfBYei“B?P aésp PEGY, cgﬁgqu }p%ﬁ %)mgﬂ%tloﬂ camprlsul‘;g %rr;l- % n
Grhibiod eftyngabd étgitings whereip the [ihihitar of tupgﬁq:rbeaq:l'qngg is g pelymer,

6 oBinleY. Or PR h&BIAl corhiRishy Bidéasrine repating @idup anpising ot lest,



[ 0036] Any suitable polishing pad can be used in the
nmet hod of the invention. Suitable polishing pads

i ncl ude, for exanple, woven and non-woven poli shing
wadmesoddesieover, suitable polishing pads canGaRidkss5isis
any suitable polynmer of varying density, hardness,

t hi ckness, conpressibility, ability to rebound upon
conpressi on, and conpression nodul us. Suitable

pol ymers include, for exanmp®e, polyvinylchloride,
oROhidydenbiltdibiag héi&ocyﬁlyd 1@ig.or a feltlar @ qaddraaty nitrogen atom, wherein

the 1{1I¥§%ﬁgﬂurgs§n et@{ﬁ ﬁ?%@é‘m at%%ﬁ‘@&ﬁﬂs@ﬁ%m aﬂ@tkn\( @lt pﬁfm to 1000

ur et
Bl Sise P Bt eGP iR s phER aby g K TP e s
therueroenatfof ferrfc(O® The amntmﬁvhcm thesment el mnlasi agidstha pH, and other
sPiedb Ie%ﬁdlﬂ@sﬁi@me Sdniel a0 Kot ERNABAVE ifdd Ghefchéricl-niedlanicalpolishing

Clgl?'IPCI%SR{OB giefuq mn tﬁyﬁlgtﬁSC?&t&tl%hﬁﬁ& wher ei n t he i nhi bi t or

IS a po
[%ﬂym&h%wﬁé‘ﬁ*d“%%ﬁﬁg?‘%an?@“‘gﬁ S5 epish AR bgeg?“bﬂﬂ{egPou p
eamyde, b () gorédotibEasibstiie WO A8/ boisl mepiEmiceSpi brereopdEsion
ahfa ?Jlﬁhlﬁg pAdO@®S ArowiRgiha pélishigy Pratrelitve Yt Subktrangwittt tha

?ﬁln % mey amc#%%h?n&%gﬁ]gosmoh Ehgﬁﬁ&wgetnoa{m { Ezraﬁﬁh?at léat}% part of

I'S pr.ese oI nt
thyf subsitate |tq1pcg|ﬁh th ffate, fThe cmqa{-glem@'ﬁ ﬁMng gci\r"nqog on is
comekialty wefatindhe racitbdwithe invenfior destiited apayat ur es of t hi's

[B¥] ShTRYEAIRS S*aHpQQ fur@erGHustraté W i BMI6A bulpbf cbese, biduld not
t he amount of nmml onic acid,

*Fﬁ@“ﬁﬁ%aﬁﬁﬁmﬁpﬁ%?m“%ﬁ %&ﬁ e additives) are the sane as

set forth above for the chem cal - mechani cal polishing
conposi tion useful in t BEAMPLEJD of the invention.

[5&9?8] Tﬁﬁ%xmhééom Qs O SRRSich irQEs obived Shus £pbliskingol | sh

sui tahl.e trate
DbpS R B8 FREHEE Bebd h oo TR AR Gmplifing Bitazole and o
qootrd! serprgitionarp ggr089dina t“ﬂ%ﬁé?“éoﬁﬁf‘ing FHbﬁtéat‘To ad, (b) noving
[i)lnﬂ] polsisfiftic pEnar athgster wedféry gert expokue @ sik gtfﬂeanis:omposhtmh e
gf&ns eqhant ap 119k Fl:"j' ﬁ&h%@iﬁ'@@&hﬂdsiﬂﬁns comprised 0.5 wt. %
e

. f h
B8 Bt pd] P EPLportirt SREE . B0l Wi N

rotnaedi and 32 Grpreh efithaleic ap‘ggﬂ ih whlehH gndchg% pHiof 2.3 Cpraposition 1A

@580 dal oy confaf du ofhtr dom@oriemts. hOGmbitibdsa B, hend ibn

G?rﬁ%ar%tlbé(idﬁgﬂﬁw an%%& 1:/\(;;%?1 5@ dpiiuicr Ogﬁ(ﬁﬁmbﬁﬁucfakﬂlé her

e
Ioeeetiyalyt I fRopTask CPP?P‘%?HV“ nd] lﬁ?lfweagm)f%“‘%%e o brebigpes
ﬂpn{ 4l tinMNimidazelcaneieeitvelgnpar es the static et ch rates
£V erthe PRARE teheRted WAt Were imReaddn tdch of the edmositionstat3.3°

gﬁ%% mml}{es {'%tt q st%n GRS ritd Glar Qs éﬁf’ RBulefRv 4l RInened

03|t|on are ex
forieagh s EROSIfoNS kY meannag hs Ghange SO tcReps nd dividing she
thamggsh thivkna$ by 5 Thereulsaqpowehatizeddn Kabdii ¥.f er ent
conpositions (Conpositions IA 113, IC, ID, |E and
i F). Each of the conpositions conprised 0.5 wt. %
silica, 0.4143 w.%of a 10 wt. % aqueous sol ution of
ferric nitrate (i.e., 0.0017 Mferric nitrate), and
320 ppm of malonic acid in water, and had a pH of 2.3.
Composition A (control) did not contain any other
conponents. Conpositions IB, IC and ID




(comparative) additionally contained 100 ppm 500 ppm
and 1000 ppm of im dazole, respectively. In contrast,
Composi tions IE and IF (invention) contained 100 ppm

[0043] The planar tungsten wafers vvere |rmerse

each of the conpositions at 43.3 C for 5 m nut es, and
the tungsten static etch rate (in angstrons per

m nute) was determined forlleach of the conpositions

R¥leTe aShsieR Bich Rareshange in wafer t hi ckness and
vidi ngm&%m ﬁ:hange In thi cknessEgyR%{;)aﬁn)r esults

Lol i a laVaVaWili MraW-wow-S

e—SHHE 1 IO.IJI C J.. Vo £2UUV/ UUIJOVA]

PCT/ US2086o0p8E15 11 Tahle 1- TSt en Etch Rates |
Con‘posil(d&mﬁiretkve)?ate (A/min) [ Al¥xontrol) 255.8 | B

(conpar%kc\é%am%) I C (conparatbhyey 202.4 | D
conpat cll. A —E (iTTveﬂ[i k)_,9 16l. 5 IF
(inventi Bi(ﬁompigﬁt“ﬁ) r nn/l/l] AS : c on ent _f ot

Set for {B(inventRabl e 1, Conpdsiti ond6lS E and | E
cont ai nllpgm;g%nppm and 125ippm of 134 yvi nyl i m dazol e,

E‘FA@SE]EA é%gcrﬁ?wgm@grééigadsgﬁ f%)l’tl? {lllsl“abl@ 1 éﬁ'fpp% IIE §ﬁ& gh
womnining| 100 prmerst 125 aps of quyvglyhm gﬁsqeflté\ﬁ y,. owe redinions in

0 pieskdhiraasf 37%3nd BESp raapattively as@nmmrq:ﬁ tnthe ggﬁrolbgmqposg@is
Qﬂlon]lgo@o%@lﬂns 1190 14241 1D coht@RP 00 PN, 00 png\aed

@gyﬁf] Igglﬁ'gc@ﬁﬂ% é?sgecﬁgiy, gﬁowed reraagt%hs 1tn %re s?aﬁc/ %tcl?%\léoof 28] d.Zl %,
wuRpYsiesregsivelyi aseompargship s .cwrt@hcqnmomtwnhb%»é?ql@gﬂf%lA
TiReDiasilts adntonktiutd the pblishiniz ngmmsiipssbitaioing inbbitoraohifunggten
Lo é}lh E&Bﬁa&tz WIltH B‘Q%@ﬁ‘tmn%&ﬁbi’t H ghifidAntBOERLERNGeind &h t he

Inventi on ex | ess._ st ching as
eHBH &Fof“(ﬂ“é&?f)%oé'?afrﬁ?ﬁw'g‘ ‘%‘éﬂ? ?ﬁéﬁ eco"tm? %ﬁap o5 'gﬁ and the
control conposition. EXAMPLE 2 [0045] Thi s exanpl e
denonstrates the effect BXaAMPIdSE on of patterned

qu | nﬁ’ﬂbs &Qlﬂ'%l@lie?ﬁ&&ra‘f@fttﬁ:r&fe&%§ Erodibée pﬁt’ié?xfé‘d%ﬂﬂktﬁd on of

* oA YAt SRR HANCR L FPRE TV BET By B geetie

Sinpiokition ip aérotdance evith gheripenkidnng t ungst en overlaid onto
gﬁhﬁ]er NG Rkil& shbsEREs BmPsifetungRA badiaidiohtdo pattefiet Bilibbn dioxide
a

Eﬁrdlr\]ﬁtrh P"I?]%‘% ba\tﬂ‘?el} fagﬁrsﬁ\?eqe 8 4 t[':s? %st?iﬂé?.sﬁ"ﬁ@&ﬁﬁl of H3e
renches
. rwrehwgthmﬁh%p%rams DLy :t%wdfﬁ‘ Fafitte GetelBien mm
was2 Ricrine,rodithe patech density as 586.nA demmséreipllyailabisopolisking tool
GATEERd E)'p@ils]h)fhe%\d@skrh@phﬂl 180 bdnSdkifighs! VR poliviesy pass@eicksOwvere as
8‘@40?”@‘: h‘?oflf o Ssltji -ﬁ%‘{n&fp?e%su\pé 5)‘*&1 tSI'l@a BATP B, bAcR Pressuld ¥ 21.5 kPa
(3.125 psi), table speed of 100 rpm, carrier speed of 55 rpm, ring pressure of 19.0 kPa (2.77
psi), polishing composition delivery rate of 150 ml/min, and ex-situ pad conditioning using
a IC 1000 K-grooved/Suba IV polishing pad.
[0047]  Six different compositions were used to chemically-mechanically polish the
substrates (Compositions 24, 2B, 2C, 2D, 2E, and 2F). Each of the compositions
comprised 0.5 wt. % silica, 0.4143 wt.% of a 10 wt.% aqueous solution of ferric nitrate (i.e.,
0.0017 M ferric nitrate), and 320 ppm of malonic acid in water, and had a2 pH of 2.3.
Composition 2A (control) did not contain any other components. Composition 2B
‘(comparative) additionally contained 100 ppm of imidazole. Composition 2C (invention)
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foll ows: polishing sub-carrier pressure of 21.5 kPa
(3.125 psi), back pressure of 21.5 kPa (3.125 psi),
tabl e speed of 100 rpm carrier speed of 55 rpm ring
Wi S@skoey10f 19.0 kPa (2.77 psi), polishing perusz2esn2061s
conmposi tion delivery rate of 150 m/mn, and ex-situ

pad conditioning using a |IC 1000 K—grooved/Suba IV
polishing pad. [00471 Six different conpositions were
used to chemically-nechani d&lly polish the substrates
ddGasranptdniaiias 100 ppni2dd poRQ-vidBmidigle)aCdm@dsjtion EBd mveakion)he
a‘fi? H@rﬁ?%édnﬁﬂéd 76 PSR bt P8R4 Qletﬁyl%me c@-@ﬂléﬂl&&yd@n)‘l@ﬁ Eb&itlo%

t
26 (oropeepoiREy Firangs d0¢ by 0 By e 81T abec
(Himethatemino)psaraillerad. Soppession 2F Gnveniioy I°P%‘b’r?°2tﬂ!"ed 100 ppm
dfg@xp@rauj/l)lmdtr@:amtonmmttaoﬁueany ot her conponents.

0Sirf,d g.ﬂst?a?es “/efeq;meﬁt e EpbinfsieN ﬁotypmlpwshc @Rlsfdh asl

‘mﬁﬁﬁ'ﬁ%@@ g&flfg@ﬁaz’oéﬁ@@%%gﬁ\g&hlﬁg ggta:(nl and gelgl}t QP xidhO

w@ibive af the phttemOusingrd rine perpNel p-th syyface of @ail&sféete a'a réference.
THR AR akd sommabzddiimVeutd.on) additionally contained 70
ﬂggbo@ﬂggh%&g%ggthylanlne co- epi chl orohydrin).

CottpostttTon (rmventTon)—addirtTonal Q}/ contar ned— 10
ppm of rﬁ?fﬂl?Oﬁl“Pm oroethyl) et her 4051?“ )hn sf3

(di met hyt;amonm)lpr opyl ] urea] . CorrpZJ'EMl on 2F

I nvent | zcoﬁggja&‘;epnal ly contai negbg]s)o ppm of
ar e nyramroni cnl ae.” 10048 Ihe
UIYKUIdZQYﬁE? ’hoi+shed u]nlhﬂpnﬂi* .ué 209%
over pol i #h(infEntigNon was deterni n®bas the difference
in helghﬁggﬁwﬁmﬁge w thin {he patpern and hei ght  of
OXi de 2%?&%%H95 the pattern ush@g a plane paraTIe

t-o-the-stirface—of—t+he—substrate areference;

OBA9UI t Asasapparentiam thedsta sot Fpalibinclable 2, 1Ganesition 38 (sempRgative)
S 3 apiaoginatelyi367 ifuresd iaRrofidy) as cBmpdredwith bk yon@@l7 . 4 2B

P aitc' \C%}n SekfonA. onlpbdAyRRTI ﬁ@ntmn% exkibitddiBeamilly ag)
Bl ot AN o i

DOhromhses DIeroBRNTewALPlLES geParcd hihe panggl cpposition, ie.,

OFoRibTEA . EThessX68th Bionstme: tha elsiasofarmuigstes-ormpaniagiaydr tn
' PAbcerfance with the

B B R e B8 o g PRSI e once

BY9EPbn. Conpositions 2D, 2E, and 2F (invention)

exhi bited approximately 87% 67% and 82% decreases

in erosion, respectively, as conpared to the control

conposition, i.e., Conposition 2A. These results

denonstrate that erosion of a tungsten-containing

[ ayer can




be substantially reduced through the use of a

pol i shing conposition in accordance with the

i nvention. W 2006/ 009641 PCT/ US2005/ 020615 13 CLAIMS
wo 200s0®6Hod of chem cal |l y-nechani cal |y pol i sighR&2®@s020615
substrate conprising tungsten, which nethod

conprises: (a) contacting a substrate with a polishing
pad and a chenical - nechani cal polishing conposition
conprising: (1) a tungstenl&tchant, (ii) an inhibitor

of tungsten etching, wheceAmMShe inhibitor of tungsten

oL, MmOl oY NS U
a

ti"ggtg WE‘WB%W%FSM‘S%SOM ai ning heterocyclic ring or a

tertiary ®r qerataeingaysybsipte F"ﬁg a polighipgrpad aad p shemiqatre

i nhi hbcth@mczmboltshiﬂgsdmsnﬁﬁrcd@mpgsm§ present in an anount

of I ppmto nddRbcdRg (i11) water, (b) aning t he
pol i shing pad

stra
pol i shi ng Hé&%ﬁ JbB(H %ﬁ'&%sé%éfﬁ}@ Wheremam% mFlb ab Of%m%swn
at | east ea:hmema Retymst. cenplymer 95 polymes blead pRATiSE pHeast oné
subst r at @epeatihg gidap comiri3ing adbastoninitogen-avh@aindigrhetetoeyclic ring

t ungst en The mst hod of claim
5 gmer n ?Lg&mm qﬁatgrﬁa(r% hifrokddRtoms-

t
ion. 4. ?WB‘ ’t%f’?ﬁ’f‘%ﬁ%"%ﬂ"%@e@?rﬁ M |°3"t|°§Lp]?m w0
pr esé?ﬂopbm,@dconcentratl on of 0.0002 Mto 0.4 M 5.
The net hqpiekteg! ai m 1, wherein the inhibitor of
tungst en ﬁ)t Chh@&gé ﬁlwﬁallsﬂiﬂé ya\ﬂlra%we% m@mlstﬁate \ﬁlth tﬁ@ﬁohshmg

nmet hod of clarm n the rnhibitor of tungsten
et chF?ﬁ’@POF‘Qo'htherﬁ'EﬂWeﬁ A nyl i mi dazole). 7. The method of
claim 1, @her ebradingntlepshhpéstionel t@fsubam@éa eisiethe BHbHEY. s
a dpal kWh@EHeﬂﬁd endlGR 1 pwRhsielthe mngmmto}mmns felic ichhe

met hgd ofn Gl Akl gifil:mﬂ%r @h%@ﬂg;&_@?&f kil HRGFHE R

etchinhg is a

and 4 bi s *ez«e(hqﬂpwémn@ywﬁ%?'mw%ﬁ pregent *Pr?émﬁ%t‘ 8‘?
coaz M 0.4Mer ei n the polishing conposition further
CONMPKi SeSThedneclMl 8f clihi 10RheMI B8 inhibitdedfaigaeh dushiipis he
Ig}li E&Hm%nSI stl ng of alumna, ceria, silica, titania,

, and m_ xtures thereof.
The method of claim 3, wherem the inhibitor of tungsten etching is a

poly(l-vmyllmldazole).

7. The method of claim 1, wherein the inhibitor of tungsten etching is a
~ dialkylamine-epichiorohydrin copolymer.

8 The method of claim 1, wherein the inhibitor of tungsten etching is a
copolymer of 2,2’-dichlorodiethyl ether and a bis[Q-(N,N-dialkyDalkyl]urea.

9. The method of claim 1, wherein the polishing composition further comprises
a metal oxide abrasive selected from the group consisting of alumina, ceria, silica, titania,
zirconia, and mixtures thereof.

10, The method of claim 9, wherein the metal oxide abrasive is silica.

11.  The method of claim 1, wherein the polishing composition further comprises
a per-compound.

12.  The method of claim 11, wherein the per-compound is hydrogen peroxide.

13.  The method of claim 12, wherein hydrogen peroxide is present in the
polishing composition in an amount of 0.1 wt. % to 10 wt.%.



10. The nethod of claim9, wherein the netal oxide
abrasive is silica. 11. The nmethod of claim1, wherein
t he polishing conposition further conprises a
per - conmpound. 12. The nethod of claim 11, wherein the
per - conpound i s hydrogen peroxide. 13. The nethod of
claim 12, wherein hydrogen peroxide is present in the
pol i shing conposition in an anount of 0.1 w. %to 10
w.% 14 14. The net hod q& claiml, wherein the pH of
t he polishing conpositionis Ito 9. 15, The nethod of
cl atm 14th em?g‘\ﬂé Piriaind. wherein thepl obdieipelighing cumpasdien fsilgn
9is |1 to 6. 16. The nethod of claim 15, wherein the pH
of §he pakinkiod of GHMNSItetedihi BH b Be pdlishird comfdGitibet had
of claim1, wherein the pollshlng conposition further
co rises a stabil.i he nethod of claimlZ,
whet@i n T eethed pf q‘aﬂzéé %*t?fﬁffr 'ihg gl 053#6 Be'tsBiRe Eomopigon is 1%
4.The nethod of claim 18, wherein the organic acid is
sel gt edrhe hRMoll BECIGMAURher&R 1S ipsiishidg c&thpddRib@ RirBerdeinGrises
|tr|c acid, adipic acid, oxalic acid, and m xtures
._20. The method of claim1, wherein t he
c h e H c aI Thewethad P%‘mda’l ‘V@Fﬁ‘%‘@‘e s‘é‘dhﬁ?b%‘i“’tﬁ“é‘ﬁ ag 8%’?‘? &
(a) 19. 000N nivtiod ofcialm VB ofhetedy the orgmit acikt ie seldcke flompheagrbap

condidis BRMIGTic @ldoeshmef@ aiaﬁJ]&&t&Qxai.e &R, tammamaémhereof
i S LTI K e———
co;ggq;sﬂog jcQpprises:
chl or oetcay| ) e0berM &d 4.4 U J{diis hiBate.di met hyJ am no) propyl ]
ur ea] Q ) h ﬁhﬁgﬁ)ﬁo 8¢ heymek DleckldIfiofahe @Bh coh§isting
of ﬁolyvmyFm%azole lee&y ammeletpichlgrohydrm copolymer, and paly[bis(2-
chloroethyl)ether-alt-1,3-bis{3-(dimethylamino)propylijurea],
(c) hydrogen peroxide,
(d) . silica, and
(e) water,
.wherein the pHis 1 t0 6.



