; e3el ZI 1| WDDEFj] d 6<I Tl ?PR SLURRY COMPCSI TI ON FOR USE TN CHEM CAL MECHANI CAL
POLI SH NG OF METAL W RI NG Iﬂmml“mmmm d 5 The present invention rel ates,
.in-‘general, to a slurry co use in chem cal nechanica
pol i shi ng prgkﬁprocesses i n maRyé&st uri ng sem conductor devices, .in
detail, to"® B8 urry conposition: for 10 planarizati oRCERRIYAYEL en | ayer
-of device wafers. Background Art Metals including tungsten have diverse
applicability 15 in manufacturing integrated circuits. For exanple, netal
| ayers can be fornmed to interconnect numerous conductive devices positioned
on a siliconwaler or 1966 AR TS rURNY coblitegaat circuits are
produced By nounting appropriate devices such as a gIO € and a 20
transi stor on and/or | vECHiNIdgoPoaEeETNAO MeSall fRRTREOCESSES for
form ng separate |ayers of insulating material and conductive materi al
through the surface of tile device are repeated. In an integrated circuit,
characteristics of a contact hole or via_depend or the 25 nature of the
insulating material and the via i®9niced fehdconductive materials so as
to provideg a vertical contact that penetrates the insulating material and
contacts appropriate parts of the devices nounted on the wafer. while
alumi num i s usefulrnas sr¥k&ing iABEBELI&L . Ll alssi Nadequ fill the
inside of a via conpléfely. TypicalI?%{al5?3£§§'f?ﬂiegg&F{EPtuHGEtén t hat
can be adapt etlumrya CDVW(clserical VYapor udeposinti emerpka@gessmechanichhe course
of chem cal vapar deposition, tungsten not only fills the via also covers
the surface d1°sEINASHNEL i MFACRFERS . 1PoIMWitAg tiénel ismiabindmcbbrt a
excess of tu en,. alum numw.ring is t formed on the dielectric |ayer
and t he via.Q%%%E§§Vidﬂg}§¥m51§VE(g%a@ti€§pigﬁuéféhiﬁﬁﬁp?ﬁkk%%% Was
enpl oyed 1ign thetayng ebim i ~1 0c convent i |__sem conduct or
processes. Fﬁa%ver, ?Eggal%fg?gggggmhzg9gFi§$é%?xgﬁbﬁgggéfhgs inthat it is
apt to overetch the tungsten layer to partially etch even the tungsten in
the 15 via, resulting in poor contact with the alum niumw ring formed on
t he tungsten layer. =urthernore, Bagkdravgst &mtparticles remai ning on the
waf er can cause fatal inferiority in the resulting sem conductor integrated
circuit.. It is the CMP(chenm cal mechanical polishing) 20 process that has
been devel oped to I Wt he, . rocess.. _The, CWP
process has come P%gﬁggi%??%%ﬁ%ggqﬁﬁggﬁﬁhd??hééé{ﬁé%%ﬁy%ﬁﬁ*ﬁﬁgbﬁgéF%ase of
i ntegritysandt henndabenrofig| ayess afd hersem £ondugt %rxaimﬁttggr Abesh
circuits. In the 25 CWP process, a sem conductor wafer is subjected to
orbital noverdEyergorbinbag fronati bn anmdetammsicat inomewbuke coodtiacied 'with a
pol i shing pad, made f polyurethane and 4..with a slurry conposition

conpri si ng a&eé(élcgas géarsi.%loned en a siliconwaler or "to constitute

them. Currently, integrated circuits are produced by
mounting appropriate devices such as a diode and a
20 transistor on and/or in a siliconwafer. At this time,
processes for forming separate layers of insulating
material and conductive materiai throughout the surface
of the device are repeated. In an integrated circuit,
characteristics of a contact hole or via depend onr the
25 nature of the insulating materia’, and the via is filled
with conductive materials so as to provide a vertical
contact that penetrates tne insulating material and

contacts appropriate parts of the devices mounted on the
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WO 113/115148 PCT/ KR02/ 01492 vari ous ot her conpounds, to planarize the
surface of the wafer. Generally, slurry conpositions used in such CW

- process(hereinafter, referred to as CVMP slurry') provides both chem cal and
nechanlcal“ngm§hhﬂg effects, 5 while etchants, oxidants, acids, and

di spersing agents being in charge of the chernical polisBFR§R¥ 41 i on and
-abrasives, mcro-particles of netal oxides being in charge of the

mechani cal pol i shing function These two polishing functions allow any
protrusion of the outer 10 surface of the wafer to he selectively etched

“and polished,,t | t n pl anarization of the wafer. Accordlng
to the pollshlHgggubgﬁgg%eaigﬁﬁgl d?%&jégnibe cTa%%ﬁ*qﬁupﬁﬁﬁﬁ&dl 1t

oxi de-pol i si uisgiskasdyadOrténgyhat idg 15 d:averss sych;as c%mg)% %r and
metal -pol ;.sloing slurry for netal layers such as tungsten oOr aliminium

| ayer. These Tyl @lldysesa o i€VR ss| G r)edir ei di senhgkepahed s Sken cegponent s
exerting the chenlcal pollshlnglfunctlon Meanwhi | e, the conventi onal

net al - pollshl?ﬂﬁ 20 Q dr'tih Fﬁé fybfta?‘Rﬁ?ﬁﬂ%mm mepesent ednlay t he

oxi de erosi o e e |fferenc oI| rate anong a netal, a
barri er rr;st a{]t%dcégﬁ%% ggt rie Hayer % Od t' %p%%rtrldﬁ'ontﬂrﬂ‘@tteo“ t Ret’

excessi ve et cén retal layers by ogiggngﬁ,pgted”qptgu E thejgrOﬁson or
the corrosion 25 occurs during CVMP process, contact ahot* t al

| ayer deposi tietswdrrtting pohished nEbBlowfngH’tﬁ@ﬂEé1tﬂnhﬁﬁﬁﬁprofsotLQat t he
resulting sem conductor integrated circuit may not work normally. These
probl ens are %"CGS\FDO@}“BESEE%“PGJI'J/LNR@ZIFOMQQW@:O?;Wﬁm'nechr@edr bsethai nly
from the exces:s |%% oXi |2|ng (g of, the oxidants contained in the

pol i shi ng slurré" pfo-dutE, Ig g rate required for the conventional

sem condugt or proqgg§gguggfrbgeQngggﬂpJ ﬁhgqnprgedlpgy 56@% i ncreasi ng

either the anount or the strength of oxidants SEPUF Y.
Consequent | y,engXicd@deiastBe, t eOF$Qsi-@NimPhhc i gh Sdi iy 1aNd59AR1 WRLE
i nevitably caused. Such oxide erosion and corrosion are schematically
illustrated |%ﬁWﬁ%ﬁ@duiéOan@rPﬁeieeﬁesp@@WﬁV@iy tibr édfer pracaret aha EVP
slurry is pr(fared LN gCIdlC condition for the gur pose of vigorous

pol i shi ng of Jﬂﬁﬂ§?én AECERLRYR NI T ol PH tsubs : #PY HecPE&sRECh hike
d'Spersab'l'tﬁﬁﬁ%EL@9r§§§¥? P?Hqugkﬁighkphhr s, dn 1n%s%lgnkglc
deterioration of lie reprodu0|b| f poI| I ng per ormance” of a slurry

Sunmary ast hesila)verdsivon 129 Ihepﬁkﬁseﬂhthﬂvenﬁf@nLﬁ@n§@5H$nEﬁede§§@Very
that the addition of a propyl enedi am netetraacetate-netal conplex and
carboxylis adiatmeg anndheséhegsive, laptal CMBtskurmpyeconhai hingseehittl e

amountt of peroxi, ﬁ and |norgan|c acid _as oxidants can considerably
i rnprove the P28 Y61 FEhi AGTFAELTY t he" wi AT n- hater nbﬁhanﬁFﬁﬁtyfa%ﬁd t he

vaf er - to- waf &M M0AURL LT M V@S YELLL: 33 the, dlapeision SLapllity, of the

slurry. The present ention eatures a’slurry compositi
circuit.. It is the CMP{chemica. mechanical DuJWSh]W'

20 process that has bheen developed to solve these probiems
with the RIE process.

The CMP process has come to be introduced in the art
according to the increase of integrity and the numbher of
layers of the semiconductor ;ntegrated circuits. In the

25 CMP process, a semiconductor wafer 1s subjected to
orbital movement combining rotation and translation while
contacted with a polishing pad made ¢f polyurethane and

with a slurry composition ccmprising abrasives and
2




WO 03/ 015148 PCT/ KR02/ 014892 for use in chem cal nechanical polishing of
nmetal, the conposition essentially consisting of a peroxide, an inorganic
acird, a propyl enedi am netetraacetate-netal conplex, a carboxylic acid, and
a netal ox%eusm %quer. 5 1n a preferred enbodi mrent cf the present invention,
a CWP slurry coﬁ*p Sition is prepared by dispersing in dePeRKR8HIMEX er (i) a
- peroxi de and an inorganic acid that act as a mld oxidant in conbination,
(ii) a netal conplex containing propyleriedi am netetraacetate |igand 10
that prevents abraded tungsten oxide particles fromthe re-adhesion to the
“polished surfagce |+ .0 ,di spersion stabilit i) car boxylic
acid that is hel p??%? C%tnmirn\égge{)ﬁga r'ef)troodﬂlcal‘ iy “iﬁe %BF%EW na%pép?or mance
and di sper si arafadrabi lddnisraand, (kyhray MBbahod b O] [} : s as
abrasive. All of the above fgatur es 3f:md o{}her %%f%ﬁ@ﬁt%%rggém

i nvention w IHrdsessuUbeesshafter achreverdréd omebhe g3r eserdp i n¥eqti-on)
described in the following. 20 Brief Description of the Draw ngs Figs. 1la
and 1b are scHéietdes ROphesEARAE? bndng | Necartdaig nolé sbxindeeéfeston and t he
corrosiong 25,r.espectively, in. process, o= a netal layer. Fig. 2 is a
schemati ¢ r ngrhels%gt %ﬁ%%n%’l WS RY tHe Yior kit AeERSht SH of IPDEA- Fe i n
W CVP proces$elsigndi Shalfdy £ONPRsi Ehon: ascogdi to t resent

vent | on. 3 WO 03/ 015148 BT sz?g"%a%?p?g”%"%l‘? aﬂS’F@pﬁn‘“‘. | 71Ut r aati ng
t he dependene®refsipelsi shinhgre-atzetdelthe addetkwmuntxiobsPDFAtFg. Fhg. 9 is
a graph i 11 ustrating the dependence of polishing reproducibility on the
added anount SPLHE i SERECitEChBRdERds P -6 the fhnveitti on Tieddetpo esent
invention, as an_oxidant f gr. 10 oxi.di zing metal substrate to be polished
are preferredpérosides BFEACRS KYdPEged hePbRE st Ben2 by Ither %t e,

cal ci um per oxidegchar pgm g@goQaq%r_angosogggn%elpeegth;eq?/, ggdhggstagr eferably
i s used hydrogen peroxide considering oxidizing power“an aiéper5| n
stability of podshesiyl tigrgritihgs!inrthel -bysh ogennperoxi 08, | eas ane
relatively high oxidation potential, but oxidation rate is so low as to
avoi d the vaMeégs-problens with a strong oxidant unless it is not used in

an excessive anount. Preferably, the slurry conposition of the present
i nventi on cont ai n§°S6 0 BL5W) tGf PR&IPBILK] GEkstrate, CMP slurry can

be classified into oxide-polishing slurry for insulating

15 layers such as 8i0; layer and metal-polishing slurry for

metal layers such as tungsten or aluminum layer. These

two classes of CMP slurry are discriminated in <the
components exerting the chemical polishing function.

Meanwhile, the conventional metal—polishing CMP

20  slurry has the typical problems represented by the oxide

erosion due to the difference of polishing rate among a

metal, a barrier metal and a dielectric layer, and the

corrosion due to the excessive etch of metal layers by

oxidant ingredients. If the erosion or the corrosion

25 occurs during CMP process, contact with another metal

layer deposited on the polished metal layer comes to be

poor, so that the vresulting semiconductor integrated

circuit may not work normally. These problems are
3



To conpl enent the oxidizing power of the .slurry at |east one inorganic
acid is used in addition to the peroxide. Preferable inorganic acid can be
. exenplified by nitric acid, sulfuric acid, hydrochloric acid and 25
phosphori c %fid._Regarding t he surface contam nation after polishing,
nitric aci YRS prefered. In the present invention, ThENKYIYEhic acid
also functions as a" pH-controlling agent to facilitate the oxidation of G
WO 03/ 01518 PCT/! KRO2/ 01492 tungsten. The content of iocrganic acid in a
slurry composition of the present invention is preferably 0.001~5. Ot o,
“nmore preferably Q. o ..ol N the case t t - .o OXi dant,
i.e. 5 the pé%%&ié%géﬁhq%ﬁzggﬁﬁrggﬁggyagﬁ ? g?% éggggsgggr%%ggﬁégégr limts
of the above gmidd aedHangasiantespesta medy, it hehoxidde seriagi enpreorrosi on,
pit, dishing and so on are |likely to occur, and in the opposite case,
desired pol i ghi rep rédtes cavr nothibe astonpeishedt A9 My cainvgntCopras| urry
conpositions conprising the small anmpunt of mld oxidants such as_peroxide
and i nor gani S PHT S iRIPCESABE al2FayErtaritf W haAr e &R PAYERA EpYi maril y,

a Ti/TiN layer,) .at. . suffici sipLl ar rates to vent oxj.de erosion
but they &guﬁ@)béﬁfge%ﬁﬁpgpegp%%%ihéH%onvgﬁﬁﬁbné? sgﬁgcdﬂ;dgﬁgglpggcesses
due to the excessimel yagauapald shi ager ad girrkhougizchReqadgily oncefigexcessive
oxi dants could inprove the polishing rate, it would cause various probl ens
i ncl udi ng t hes1oxd e ,er oso orvsainch , t heieor r asison.nand drur t hes nake tkes20
handling of the slurry difficult because of the strong' acidity.
Al ternative tonahisEpproaded - wesSerpl o $peiFieOmetdl CoFprerds ar'6
efficiently achi eve the polishing rate required,for sem conductor, processes
The netal cHHPFEES? &ﬁ%isfsi%gt%?Eﬁg prgﬁylegéafaninéietﬁféﬁceﬁgfe
(_=UTA) chganlde%@c@vr@t}al (M atom wherein bond energy of 0-Mis |ower
than that of OW Hereinafter, such netal conplexes are referred to as
" PDTA- M conpl ex' , Mdreshant,| ya REEAIMCME  s1WOrQ3/ 0d5148pRCIFA KRORZ/ @492 The
probabl e nechani sm by which the PDTA-M conpl ex enhances the polishing rate
coul d be explat i azridlions £oF W PHRAHISGard THPFECES ctipISE NEi PR
tungsten oxide, WOy, which s abraded from an oxidi zed tungsten.5 |ayer
during CWP pr%‘é%%ss%’bri (f“rden%gessutcll?eni?f”ony héJSruea)e(ILclftyi 0 e%]il"“sats%rﬁ tne
facilitating fhe oxidatiqn reactiols Qfe the-tungst enhayer roblsyal !y, however
power ful oxi dant” may be used, it cannot overcone the decrease of polishing
rate resuld edsigonriheraccasadabvironief abf adede netabrddhadxiidetgccerdi ng to
t he progress of polishing, because the netal oxide inhibits the polishing
by re-adheri ngobhshlnhesiidracacefot fe sfetdly -l ayer: to be polished. The
present invention ains to solve this re-adhesion problem The PDTA |igand
is anmltidentate |igand, which has four 15 ligand atons and thus easily
forms a chelate, PDTA-M AdvagiageQuskyenbyrsedectdng the netal atom so
that the bond energy of O-Mis lower than that of OW the PDTA-M conpl ex
can be spontaneously converted into PDTA-W conpl ex during polishing
process. For exanple, in the 20 case of PDTA-Fe conplex the bond energy of
O Fe is 93 3kcal /fp¢ whekenthanvest DwW BENAYILIBOKES! /HSICOVERRd HWRér ef or e
the Fe atom coordinated to the PDTA Iugggd can beq%a§£g%ﬁ%%gjq%%Qa%ﬁth aw
atom that istPEne2PHTATE Conptex PERONVETETTHtG a4 “\W Complex.
Thus, by use 25 of the PDTA-M conpl ex, 4t adheszep; ¢f, t1gst eyroxide is
efficiently bt o¢ %%% %WgtFﬁg¥%$g?g % Ejfggf%ghgﬁbgﬁﬁﬁglgf 6blish?ﬂb
performance ipgehudingcpatisiing rateiasleel knasnsel eft ipditoxiake ansio
i nproved. 8

inorganic acid as oxidants can considerably improve the

95 polishing rate, the within-wafer nonuniformity, and the
wafer-to-wafer noruniformity, a&as well as the dispersion
stability of the slurry.

The present invention features a slurry composition
4



WO 03/ 01548 PCT/ KR02/ 01492 Wil e PDTA-Fe conplex are nost preferable in
ternms of the cost and the efficiency of absorption of the polished netal
- oxide, any netal atomcarp be substituted for Fe atomso long as it can
f.or m coor digpgsigesponds 5 with the PDTA |igand and hinds to oxygen atom
more weakly than tungsten atom does. Non-limting exanpl ESTHROZOGH2
" PDTA-netal conplex include PDTA-Ni and PDTA-Co. Figure 2 schematically
illustrates the working nmechani sm of PDTAFe conpl ex during polishing of a
tungsten layer using a 10 slurry conposition of the present invention.
" Moreover, thespPDT : .apr the storage stability of a slurry
conposi tion of thgs%1g§gﬁ%ﬁ%Heggt?%ﬁﬁggyfﬁgtB?Egﬁﬁﬁﬁ?sﬂfnaeﬁéﬂfoFﬁﬁnce
represented byosmrsittclvrandspehtsdliing kakeiksifgpraadugi ble after a_15 |ong
| apse of tine, Wiere silica powder is added to a slurr conposﬂtigﬁ as an
abrasi ve, the'®¥ti&fférsabi ffty, of asi |pw@yilsreel baine t O s4 Gitfireankhy 1 decr ease
at an acidic gH re uired for usual netal polishing processes because the
i soel ectric portt -GF & FPEROKRRSIE HE ShaPPese apsol utel RO poakiee . over pH
2--9. Thergefore, ag tine.Japses, .recoagulation of the silica particles
progressesbespontaﬁZbUs@'et%EIQ %?n?ﬁ§8$b-%d§#€§di Preeentt iimy epiion,
precipitations aaMb sQfatrehcohbgs Ol ‘GO . s..such coagul ation of.
abrasive particles incfﬁﬁinngi%ﬁﬁ%ﬁh%SgE%E%hg§e%ﬁgﬂﬁ%%ﬁg?éﬁnﬁ tg?ége
stability of &ersiaedr wadenposiltizorpeafoxtihe prasent ihavgRhion,Lsqephapced. To
a slurry conposition of the present/ invention is preferably added the
PDTA- M conpl 65 n28n &andudd ofx9ianti\Dip3/ 8146 tROT/, KRORY 01492metal

0.001~0.5m¢9@xﬂghgxprggg£39£¥n~.050.3m¢@6 | f excessive PDTA-M conplex is

added, metal |7 ¢ T puritles inet eds€PY M A St WP15C mssietiréA ahdoamds t he

reliablity oftite JresidntiisNg SeLEO L products_woul d rye deteriorated.
5 On the other haﬁé, it the b%gkgwﬁggﬁbﬁé} FéggéfP%%%ﬁﬁ%e%ré?%ﬁfT%?ency of

capturing tungskehesxbde @s wakl @s iehest abilizdNgadhspelsabili ty, of

abrasi ves declines. Were hydrogen peroxide is used as an oxi dant as in the
present invertiSeRIStRe Ghadiidiihg, power ) ofa acskuoxyY e 18ccoOMosit i on becones
| ower dependi%g gﬂ time due to the deconposition of hydrogen peroxide into
04 and H20. BA2B4"dn tHl's OBREPVHAN ontCRIPUsE it iEdastofonePedr Boxyd i ¢ aci d
havi ng one om0 o] I Gy5Qr.Q o] enhance .t he reproducibility
of polishingpberfg?ﬁi%%eéggqu%gvgg§%%o?ggéigfg%iI? 5 It Va §1L¢%%ﬁl

conposi tilon okithepprwesenthdnventi an. afons#4Midd ng exanpl es of such
carboxylic acid include acetic acid, citric acid, glutaric acid, glycolic
acid, formc acid, lactic acid, malic acid, maleic acid, oxalic acid,
phthalic acid, s*&giniﬁ. acid, and tartaric 20 acid, while malic acid being
nost preferred. cont BNt o EarFeiyIFE aBfdorhen Eealruysescorfpddie i on of
the present | L on_j ably 0..1~-10Wm % - nore prefe ly 0.1~2wt % .
Excessi ve ca?ggg€%?cﬂgg?%@ggiﬁh'gw%q%FéﬁﬁgFgf%éryr% E%%VT%ggﬁ%bﬁéF%ion
stability of paesénit I yn2EnCiOMRisk0Ped WH |18 1@ 1degihed ef fect cannot be
obtained with an insufficient anount of carboxylic acid. In the present
inventi oA? as an abrasive for polishing tungsten film oxidized by the

oxi dants as 10 . e
Brief Description of the Drawings

Figs. la and 1b are =schematic representations
illustrating the oxide erosion and the corrosion,

25 respectively, in CMP process of a metal layer.
Fig. 2 1is a schematic representation illustrating
the working mechanism of PDTA-Fe in W-CMP process using a

slurry composition according to the present invention.

5



WD 03/ 015148 PCT/ KRO2/ 01492 descri bed above can be used a powder of netal
oxi de such as silica, alumna, ceria and titania, and tie silica is nost
preferred because it gives the excellent dispensability and the | east

possi bi Iit¥v of scratches. 5 Preferably, the netal oxide powder anmounts to
0. 1~10ut % "MOPE et erably 1~7wto in a slurry conpositi oRCEARob 42 esent
“invention. If it is over 10wmo, the dispersion stability of a slurry
conposition becones poor and furthernore the scratches and the oxide
erosion may occur, 10 and if it is below 0 . 1wm% the polishing rate
“appropriate to thepysual §%maconguc; or, Er_oces+s_,es cannot be achi eved. The
present invention cah be fore cPear!y understodd with FEPERFFREEt @ he

fol l'oving; expuplesind treshoyhd:he ddadindershoode t hat, the fol lowi ng exanpl es
are not intended to restrict the scope of the present invention in any
manner . The polishing pedtorarageepof it hest esPee! | ¥ge sb%éx £Qupositions
obt ai ned from each exanple was estimated as fol 'ows: 20 Porijl sher : Model
No . 6EC ( S | UgEoducibipgliys leinng: Gonsiddddnamdad: t ypemalic

| C1400/ Subal VacS}@cked (Rodel, USA) - Pl aten speed: 75rpm- Qill speed:
35rpm 25 - Pressure : 4psi - Back pressure: Opsi. 0O - Tenperature : 25 C -
Slurry flow 250m/mn 11 WO 03/ 01518 PCT/ KR02/ 01492 Pol i shing
Substrates: as test wafers were used Wbl anket wafers, each of which had
)aeon prepared by sequenti ablycrieposd tdengnd, 1000A HLO | ayer, 1,000A Ti N

| ayer and 10, 000A w | ayer on a poly-Si 5 wafer. Exanple 1: Dependence of
polishing rate on the added anmount of PDTA-Fe To a flask were added 50gof
Aerosil 90F Degussla ArCﬁ 10 German¥), 917.5g of de-ionizedwater, 1.0.0g of
malic acid,0 . 3g0f fifri ®EESEAt afd@veotiogof #ydregenopédext defoand t hen
stirred 2, 00Qy.pm f or o] fQl. |l owed by hi gh-pressure dispersion under
t hepr essatroe o%&%l%ggsiwe?t?ﬁe%@j&lttl%&ﬁ s Ourl?'%// R l?’%q ef &8t RF6GER*&Y am
filter, andlDd:ddg.de@. QR&h % HIh0krdQ=00,0f PDTA Fe, uas ded thereto,to
provi de polishing slurry conposi I?i ong, Pgﬂé’%%g o?%ﬁéofgsgg\ﬁégggg(w :

bl anket waf erg)ladas qomuced usimgnt herespeet iael skodivm CeRPES hkonsfor 2
m nutes under_ thecondition as described above. The results are set forth20
in Table 1 arfdFryiterseianmrly 1 sSlusedy PRTAFen iperoxide considering

oxidizing power and dispersion stability of the resulting
15  slurry. Hydrogean peroxide has a relatively high

oxidation potential, but oxidation rate is so low as to

avoid the various problems with a strong oxidant unless

it is not used in an excessive amount. Preferably, the

slurry composition of the present invention contains
20 0.5~5wt% of the peroxide.

To complement the oxidizing power of the slurry, at
least one inorganic acid is used in addition to the
peroxide. Preferable inorganic acid can be exemplified
by nitric acid, sulfuric acid, hydrochloric acid and

25 phosphoric acid. Regarding the surface contamination
after polishing, nitric acid is most preferred. In the
present invention, the inorganic acid also functions as a

pH-controlling agent to facilitate the oxidation of
6



~Pol i shing Rate for WPolishing Rate for P-TEOCS "T0.0g. 853 Alm n ~46
~1/mnl10.02g::, 006 a/mMn53 A/mn?l119.0g~", 445 P./m n67 F~/mn
TTV10.092,77.S Alrninl05 AAmn * W tungsten ** P-TECS:

pol y- tetraw&&?(si_l jcate 12 WD 03/15148 PCT/ Kr02/ 01492 Exanple 2: Effect
of PDTA- Fe on "t H&*bxi de erosion and the corrosion The sl CETKRORDT482 t he

* above Exanple |, and other slurry conpositions having the sanme -conposition
as the 5 slurry Il with the exception that Fe(NOG3)3 or Kl 03 was.
.Substituted for PDTA-Fe were used, respecti vely, for polishing patterned

waf ers havi ng e h of . 0. nder the ' condition as _described
above. the re%%IP sééar{:e \ggggf ocrotnrtlepn 'Ioa | 819799y rapf i 2 1qand| SPBTAY

Rat o10. 080, 000, 000 86 ~rr R8s T 10 TS M RS0 15 oyt Y015

F~/ m n~ 00 A12000 I »n30tGg0moge Gy d 22521D ANl 8328 &' ~150 ~a, / mn

In the case that these two types of oxidart, i.e.,

5 the peroxide and the inorganic acid, are added over the

upper limits of the above mentioned ranges, respectively,

the oxide erosion, corrosion, pit, dishing and so on are

likely to occur, and in the opposite case, desired
polishing rate can not be accomplished.

10 ' Typically, CMP slﬁrry compositions comprising the
small amount of mild oxidants such as peroxide and
inorganic acid can polish a metal layer and a barrier
layer (primarily, a Ti/TiN layer) at sufficiently similar
rates to prevent oxide erosion, but they would be

15 improper to the conventional semiconductor processes due
to the excessively low polishing rate. Though the
addition of excessive oxidants could improve the
polishing rate, it would cause various problems including
the oxide erosion and the corrosion and further make the

20 handling of the slurry difficult because of the strong
acidity. Alternative to this approach, we employ
specific metal complexes to efficiently achieve the
polishing rate required for semiconductor processes. The
metal complexes consists of a

25 propylenediaminetetraacetate (PDTA) ligand and a metal (M
atom, wherein bond energy of O0-M is lower than that of O-

W. Hereinafter, such metal complexes are referred to as

‘PDTA-M complex’, or shortly ‘PDTA-M’.
7



Exanpl e 3: Dependence of reproducibility of polishing performnce on the
added anmobunt of malic acid 15 A series of slurry conpositions was prepared
according to the sane manner as in the preparation of the slurry Il of the

above Exa ifh the exception of varying the anount o cid.
-Polishingn§¢ﬁ?é§}4$@fers(VVblanket waf ers) was conducledpgéﬁﬁgbéﬁgﬁzo

“respective slurry conpositions far 2 mnutes under tile condition as
descri bed above. The results are shown in Figure 9. Exanple 4. Effect of
PDTA- Fe on the dispersion stability 1" WO 01/ 15148 PCT/ KR02/ 01492 of a

“slurry compositi onfhe ﬁidﬁaﬁ&ie‘ e LNt BE %k;%“i%hE%ﬂgp!P%T%LMa%%%lex

control slurry conposition having tr.-~e sa conmoosi tion asthesfurry [
with the excepihdfieds ~fdrack pefl iBRTAy Fenere5 subjected texgiherpal i ski ng

t est = asdescri bed above ondayO, 30, 60, and 120 after the 1-;aepa.ozti.on
thereof .. 7' ~t&rlesaia:s wire BRTAf brgand nfqamss - he c3mpderheitiv tthingsten

t heneanparticl e size of the respectiyveslurry conpositions, which was
geasrrggwbyFﬁﬁﬁﬁga?fkf§;8dgﬁfﬁsgaﬁgéﬁf?ii% ﬂ@ﬁ%ﬂy O ) §uiﬁsﬁe“

anpl e - Fe a r._Prep ion shi ng. r Wean Particle

Si ze10. Oggba@f)%/‘?lm n &l_‘aﬁgf”%“@%ﬁ% G, 10 E%gon%%o.t 20655 I nl . n210
timB9 . 09302;eakt/Dorf 14 R 1EkSG mq.i@g@@ng3&8eA/orJaj.aan%8r@@fégigg%i 985

A/ mnl188 nm 70 Og.i ~0_-L.- 37G Hmn99? nnB9 . Oy _ 120 _ . _
~.8_. A mn_. the-188gshekxdnpke. 5: UBepéhdenbtewelrepolpoghirifigl pexfictamence on

the 15 added anount of hydrogen peroxide and nitric acid A series of slurry
conposi t ons VIBRY Repet déchritng VETIESsang AanhRFSaLi e Eigpar at i on

of the sturry L1l Qf J{#€.q0MePRIP! &L M. EBe10E XCREEORO necan
10 oxide according to the progress of polishing, because the
metal oxide inhibits the polishing by re-adhering onto

the surface of the metal layer to be polished. The
present invention aims to solve this re-adhesion problem.

The PDTA ligand is a multidentate ligand, which has four

15 ligand atoms and thus easily forms a chelate, PDTA-M.
Advantageously, by selecting the metal atom so that the
bond energy of O-M is lower than that of O-W, the PDTA-M
complex can be spontaneously converted into PDTA-W
complex during polishing process. For example, in the

20 case of PDTA-Fe complex, the bond energy of O-Fe 1is
93.3kcal/mot while that of O-W being 160kcal/mol, and
therefore the Fe atom coordinated to the PDTA ligand can

be easily replaced with a W atom, that is, the PDTA-Fe
complex is converted into a PDTA-W complex. Thus, by use

25 of the PDTA-M complex, the re-adhesion of tungsten oxide
is efficiently blocked, and therefore the reproducibility

of polishing performance including polishing rate as well

as selectivity are also improved.
8




20 varying the anount of hydrogen peroxide or nitric acid. Polishing of
patterned wafers having the line width of 14 WO 03/ 15148 PCT/ KR02/ 01492
0. 2um was conduct ed using' the respective slurry conpositions for 2 mnutes
under the condition as described above. The results :are Set forth in Table
4. Tabl e 4VE&HIBM dr ogen PeroxideNitxic Acid ; Polishi ngPREE&RIF/HH2

- 5~ Corrosi on ~ RateOxi de Erosion !120g0.3g2, 4B6 ~1/mnl0 AAmnfl5 A2G0.
393) 253 F~i mnl13U ~~; m n689 A32g0. 3g ~G 7 F~/mr9 h/m n62420g0. 00591.,
204 F/m n5 ~1/m n47 F1520c0.8g?, 7G /mnS i'1/mnll6 A5 11s stated above,

by virtue or the phesentediventianeail has hecoms-Resshbbe 19 accqml fsh

the optinmum polishing ta processes Wt hout typical such

as oxi de erospentneor£9st ORndhiths dieshi Dgrando$0 Lo A0 s t Ber 1 fhe
slurry conpositions of the present invention have been so inproved in the
di spersion stablished tihattalt heyider,e sy tediagd fzarond anrgr ey e sioriage.edihe
sinple nodification and chance of the present. 15 invention will be readily
made by per sohST sKEI I3&@™ P& he°n t 2andti Cashdiltd b urfderdtiond hdrats al. 7.

of such nodif]catian ?]gn\(;\gqn e are, enco aﬁs_seq‘vmt_lhi ghe scope f the
present inVenti %ﬁ. 1 _ @%Mli\: igb 1 TCRCTZPFT ﬁg‘?" A frevep kA slurry
gogggz;it hgn ; gﬁayseuﬁ@s@mna@@% aeghani gal- pgliishyng Qb pretal,s SPri sing
PDTA-metal complex include PDTA-Ni and PDTA-Co. Figure 2
schematically illustrates the working mechanism of PDTA-
Fe complex during polishing of a tungsten layer using a
10  slurry composition of the present irvention.

Moreover, the PDTA-M complex improves the storage
stability of a slurry composition of the present
invention so that the polishing performance represented
by scratch and polishing rate is reproducible after a

15  long lapse of time. Where silica powder is added to a
slurry composition as an abrasive, the dispersability of
silica is certain to significantly decrease at an acidic
pH required for usual metal polishing processes because
the isoelectric point of silica has the smallest absolute

20 wvalue over pH 2~4. Therefore, as time lapses, re-
coagulation of the gilica particles progresses
spontaneously to form macro-aggregates, resulting in
precipitation and scratch. The PDTA-M complex prevents
such coagulation of abrasive particles including silica

25 so that the 1long-term storage stability of a slurry
composition of the present inventicn is enhanced.

To a slurry composition of the present invention is

preferably added the PDTA-M complex in an amount of
9



5 inorgani c acid, a PDTA(propyl enedi arni netetraacetatejnetal conplex, a
carboxylic acid, a netal oxide powder, and de-ionized water, wherein bond
energy between netal atom and oxygen atomin the PDTA-netal conplex is

l.ower that,; t.of O-W 10 2. The conposition according claiml,
‘wherein th(\a“%:(lic}% 5o’g’lfti on conprises 0.5~5wt o of the peroxi é?/@(’%ﬁTi%. Om o of

- the inorganic acid, 0.001~0.5wm o0 of the PDTA-netal conplex, 0.1~10w ~ or
the carboxylic acid, and 0.1~10wm o of the netal oxide powder. 15 3. The
conposition according to claim?7., wherein the peroxide is one or nore

" selected fromythie, of GlR;CORSI St %ggfgga}!aygr99@@@.@&@.%@%5&@ oxi de,

cal ci um per oxi de, barium per oxi .sodi um peroxide. 4. The conposition
according to pbaa+m lcomtheneiin 2Qdede mBOEYANE Cimei i Hissone el aer e nsel ect ed
fromthe group consisting of nitric acid, sulfuric acid, hydrochloric acid,
and phosphori g adivdry5.colpecdrrposi targhatbos dithg to= IcladnH Lt ywhef eittitehe

PDTA- net al conpl ex_i s PDTA-Fe, PDTA-Lei, orP7TA-Co.25 G ,

Theconposi t i oRSREbY . TP CAGTRE, RATSHES At WL dr boxyTs it at$%ne o. r

mor P sel ec e%ﬁoi@‘g%' NEULRUR QNS §LiNG of ace! ic%%?h%’x Qe Mdeicient

acz.d,glutari cac gl'ycolicacid, formcacid, lactic acid, nalic aci'd, 16

WO 03/ 15148 PEHEKROZ] O1ARs, e ;@faipt%u@@hﬁ, tOX@dd & asiide RRt RahhC aciok
succinic acid, and tartaric acid. 7. The conposition according to claim?7.,
wherein the netabibxiide idd spelrsglallatwmhabreeivas dedlimss. or 5 m xtures
thereof. 8 PDTA-netal 0.05~0.3wt% The conposition according to claim 2,
wher ei n conpl ex cofft®ift NORONENCBAPESHET oh® i'gSery aspan oxidant as in
u. A Al.A AL A 6.ASY.A. E.AI.AuE.As.AEQX.ALS:AgI.A IQ:Ng_Oet +1 cno;
2c}xsni d_Z] caf B8] CAFES] cal BV &1 chita] b4 c 8 Al tH]t a7 ¥4 cal tafcal 4] ¢al ca] ca]
ca] ca] ca] ¢ql cabrgd Sl el 0l GHLR] LA LTINS ng™ on time due to the
decomposition of hydrogen peroxide into O, and H;0. Based
on this observation, we use at least one carboxylic acid
having one or more carboxylic groups to further enhance
the reproducibility of polishing performance and the
15 storage stability of a slurry composition of the present
invention. Non-limiting examples of such carboxylic acid
include acetic acid, citric acid, glutaric acid, glycolic
acid, formic acid, lactic acid, malic acid, maleic acid,
oxalic acid, phthalic acid, succinic acid, and tartaric
20 acid, while malic acid being most preferred. The content
of carboxylic acid in a slurry composition of the present
invention 1is preferably 0.1~10wt%, more preferably
0.1~2wt%. Excessive carboxylic acid over 10wt% may
rather reduce the dispersion stability of a slurry
95 composition, while the desired effect cannot be obtained
with an insufficient amount of carboxylic acid.

In the present inventiorn, as an abrasive for

polishing tungsten £film oxidized by the oxidants as
10
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Of D! 1& 10% (& ()-3Fs10% & ()-@O0U & ()-,Z10% & ()-sS10% & () -

&10%@ () - Oettp| dsk ri0¥f (t&e( )sddpe 1084 (8 ( preBendl 0¥ (&NE}on in any

10% (& ()-fZ10% & ()-& 109%& ()-~ =!!ly 109 ()-0!10%& ()-110%g& ()-_ 10( 10(

10(L!; 109% & (Jamnel. 1094 0% EPL1sP%e9e” R Hg Cy- vD o9& {?5%?‘5 & ()-0

109%9& ()-0'S %9%%}9)_ggggggfﬁﬁ%ég_(%btained from each example was

estimated as follows:
20 ® Polisher: Model No. 6EC{STRASBAUGH, USA)
® Polishing Condition:

— Pad type: IC1400/SubalV Stacked(Rodel, USA)
— Platen speed: 73rpm
-— Quill speed: 35rpm

25 — Pressure: 4psi
— Back pressure: Opsi
— Temrperature: 25°C

— Slurry flow: 250ml/min
11
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® Polishing Substrates: As test wafers were used W

blanket wafers, each of which had heen prepared

Py sequentially depositing 1,0004 HTO layer,

1,000A TiN layer and 10,000A W layer on a poly-Si
5 wafer.
Example 1: Dependence of polishing rate on the added
amount of PDTA~Fe

To a flask were added 50g of Aerosil 90G (Degussa AG,

10 Germany), 917.5g of de-ionized water, 10.0g of malic acid,
0.3g of nitric acid, and 20.0g of hydrogen peroxide, and
then stirred at 2,000rpm for 2 hours, followed by high-
pressure dispersion under the pressure of 1,200psi. The
resulting slurry was filtered through a 1pm filter, and

15 0.0g, 0.02g, 4.0g or 10.0g of PDTA-Fe was added thereto,
to provide polishing slurry compositions, FPolishing of
the test wafers(W blanket wafers) was conducted using the
respective slurry compositions for 2 minutes under the
condition as described above. The results are set forth

20 in Table 1 and Figure 3.

Table 1 )
Slurry PDTA-Fe | Polishing Rate Polishing Rate
for W for P~TEOS™
1 0.0g 863 A/min 48 A/min
11 0.02g 1,006 A/min 53 A/min
III 4.0g 2,445 A/min 87 A/min
IV 10.0g 2,718 A/min 105 A/min
* W: tungsten

** P-TEOS: poly-tetraorthosilicate
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Example 2: Effect of PDTA-Fe on the oxide erosion and the
corrosion
The slurry III of the above Example 1, and other
slurry compositions having the same composition as the
5 slurry III with the exception that Fe(NO3)3 or KIO; was.
substituted for PDTA-Fe were used, respectively, for
polishing pétterned wafers having the line width of 0.2um

under the condition as describad above. The results are

set forth in Table 2.

10 Table 2
Sample PDTA- Fe (NO3} 5 KIO; Polishing Oxide Corrosion
Fe Rate for W Erosion Rate
1 4.0q 0.0g 0.0g 2,486 A/min 5 A 10 A/min
2 0.0g 15.0g 0.0g 2,445 A/min 460 A [ 120 A/nin
3 0.0g 0.0g 20.0g 2,718 A/min 328 A | 150 A/min |

Example 3: Dependence of reproducibility of polishing
performance on the added amount of malic
acid

15 A series of slurry compositions was prepared
according to the same manner as in the preparation of the
slurry III of the above Example 1 with the exception of
varying the amount of malic acid. Polishing of test
wafers (W blanket wafers) was conducted using the

20 respective slurry compositions for 2 minutes under the
condition as described above. The results are shown in

Figure 4.

Example 4: Effect of PDTA-Fe on the dispersion stability
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10%EE&.() 0! @s 10808 r(x)y- QId; bfctlde (ghbove Example 1, and a control

; WemruS1p! #A 10% O Q&' () -M 1 1098O0% () - M 10%08& () - 10908 () -
slurry composition having the same composition as the

slurry III with the exception of lack of PDTA-Fe were

5 subjected to the polishing test as described above on day

0, 30, ©0, and 120 after the preparation thereof. The

results are set forth in Table 3 together with the mean

particle size of the respective slurry compositions,
which was measuped by means of ELS 8000 (0stuka Co.,
10  Japan).
Table 3
Sample PDTA-Fe Day after Polishing Mean
Preparation Rate for W Particle
Size
1 0.0g 0 862 A/min 185 nm
] 4.0g 2,445 A/min 185 nm
3 0.0g 30 425 A/min 210 nm
4 4.0g 30 2,375 A/min 186 nm
5 0.0g 60 388 A/min 248 nm
6 4.0qg 60 2,485 A/min 188 nm
7 0.0g 120 | 376 A/min 447 nm
8 4.0qg 120 v 2,418 A/min 188 nm
1 —_—
Example 5: Dependence of polishing performance on the
15 added amount of hydrogen peroxide and nitric

20

acid

A series of slurry compositions was prepared

according to the same manner as in the preparation of the
slurry III of the above Example 1 with the exception of
varying the amount of hydrogen peroxide or nitric acid.

patterned wafers the line width of

14

Polishing of having
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such as oxide erosion, corrosion, pit, dishing and so on.

10 Further, the slurry compositions of the present invention
have been so improved in the dispersion stability that

they are suitable for long-term storage.

The simple modification and change of the present

15 invention will be readily made by persons skilled in the
art and it should be understood that all of such
modification and change are encompassed within the scope

of the present invention.
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5. The composition according to claim 1, wherein
the PDTA-metal complex is PDTA-Fe, PDTA-Ni, or PDTA-Co.

25 6. The cemposition according to claim 1, wherein
the carboxylic acid is one or more selected from the
group consisting of acetic acid, citric acid, glutaric
acid, glycolic acid, formic acid, lactic acid, malic acid,
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5 mixtures thereof.

8. The composition according to claim 2, wherein
PDTA-metal complex content of the composition 1is

0.05~0.3wt%.
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