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slurry composition for wuse in chemical mechanical
polishing (CMP) processes in manufacturing semiconductor
devices, 1in detail, to a CMP slurry composition for

planarization of tungsten layer of device wafers.

Background Art

Metals including tungsten have diverse applicability
in manufacturing integrated circuits. For example, metal
layers can be formed to interconnect numerous conductive
devices positioned on a siliconwafer or to constitute
them. Currently, integrated circuilts are produced by
mounting appropriate devices such as a diode and a
transistor on and/or in a siliconwafer. At this time,
processes for forming separate layers of insulating
material and conductive material throughout the surface
of the device are repeated. In an integrated circuit,
characteristics of a contact hole or via depend on the
nature of the insulating material, and the via is filled
with conductive materials so as to provide a vertical
contact that penetrates the insulating material and

contacts appropriate parts of the devices mounted on the
1
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wafer. While alumnumis useful as a wiring material, it 1is inadequate to
fill the inside of a via conpletely. Typically, aviais filled with

t ungst en wbaB/otams be adapted to a CVD(chem cal vapor dep®€TIKRMMN14920CeESS.
In 5 the course of chem cal vapor deposition, tungsten not only fills the
via al so covers the surface of the insulating |ayer. Follow ng the
elimnation of the excess of tungsten, alumnumwring is then formed on
the dielectric layer and the via. 10 Previously, a RIE(reactive ion

et chi ng) progessr washieeplayed v tie dd8mast en- el iwtiniatd omisdepain it
conventional sem conductor processes. However, the RIE process has
critical shord conbdgguahet Hat Filils @ ionsoderetfchatéa tepmsterelrnyer to
partially etch even the tungsten in the 15 via, resulting in poor contact
with the al UhiphgaMisi ng YH mé@ ohlihedt gt ehunajeen &.ﬂatthepﬁﬁr ede any
tungsten particles remaining on the wafer can cause fatal inferiority in

f
the resul ti mfIRMHEorIuRt SVDiggﬁp@@rl&Féd VaROFc (ISP ST 408 )t e TR Thent Ral

mechani cal i shin 20 process that_ _has been devel oped,to solve se
pr obl errs% Wi qhetﬁgu%%ﬁ pr cecsse.mj‘lcﬁale?L d@p?ﬁoccge S lécslocﬁrretflggﬁeepnté%%uced

in the art Qerording foyhie ingreasegl Lofegl| taheangu&;f%c%unggr Ohe

| ayers of the sem conductor integrated circuits. In the CWP process, a
senm conduct ofnyaf£fids subjeact ed telienbhbal tR®Vesenti €oaDbAI NGrr otiad i on

and translation while contacted "with a polishing pad made of pol yurethane
and wth a stessy eONposydian cahpnisimgyabimasiivestiaard formed on the
dielectric layer and the via.

10 Previously, a RIE(reactive ion etching) process was
employed in the tungsten-elimination step in conventional
semiconductor processes. However, the RIE process has
critical shortcomings in that it is apt to overetch the
tungsten layer to partially etch even the tungsten in the

15 wvia, resulting in poor contact with the aluminum wiring
formed on the tungsten layer. Furthermore, any tungsten
particles remaining on the wafer <can <cause fatal
inferiority in the resulting semiconductor integrated
circuit. It is the CMP(chemical mechanical polishing)

20 process that has been developed to solve these problems
with the RIE process.

The CMP process has come to be introduced in the art
according to the increase of integrity and the number of
layers of the semiconductor integrated 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 of polyurethane and

with a slurry composition comprising abrasives and
2



2 WO 03/015148 PCT/ KRO2/ 01492 various other conpounds, to planarize the
surface of the wafer. Generally, slurry conpositions used in such CW
process( hwoaBnafiser, referred to as CWP slurry') provi desThxrob/ocdven cal
and nechani cal polishing effects, 5 while etchants, oxidants, acids, and

di spersing agents being in charge of the chem cal polishing function and
abrasives, mcro-particles of netal oxides being in charge of the
mechani cal polishing function. These two polishing functions allow any
protrusi on ocfadikersouttered ccawrdacds oftd hplawabeizeothe seldetivelly Btehed
and polished, resulting in the best planarization of the wafer. According
to the polistifiey subSeratal 1l \GVPs §REEYy composid igngs sigfgdkdinnsgch CMP

oxi de-polishing slurry for insulatin 15 | ayers such as Si 02 |ayer, and

met al - pol i sMGHFSUHSE g fketral Ié?g?§r§échié% t @%gst €1Br AWM | ayer .

Th t I ! f I i imnated in.t t
These LW, chassen O QP ShurY, o disetimnated [ Lhg, comenent

t al - poki shj . i.cal b th
retal- oLl SRy VB2 sLur ot b ahe Luplcal obLeUB.tsprssaatby Lhe

barrier nmetaeianf andieleglriss | axer crand de peorssienrduert ent hehg
excessive etch of netal |ayers by oxidant ingredients. If the erosion or

the corrosi Gbr2hsioe)r s ntlldridigpaVR qlrearess;, eatAct oMildesanaidierg netral
| ayer deposited on the polished netal |ayer cones to be

charge of the mechanical polishing function. These two

polishing functions allow any protrusion of the outer

10 surface of the wafer to be selectively etched and

polished, resulting in the best planarization of the

wafer.

According to the polishing substrate, CMP slurry can

be classified into oxide-polishing slurry for insulating

15 layers such as Si0; 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 Dbe

poor, so that the resulting semiconductor integrated

circuit may not work normally. These problems are
3



poor, so that the resulting sem conductor integrated circuit may not work
normal ly. These problens are 3 WO 03/015148 PCT/ KR02/ 01492 considered to
ari se maiwby3foranms t he excessive oxidi zing power of the o¥caamRr/ocoat ai ned
in the polishing slurry. Up to date, polishing rate required for the
conventional sem conductor processes has been acconplished primarily 5 by
i ncreasing either the anmount or the strength of oxidants added to a CWP -
slurry. Consequently, oxide erosion, corrosion, pit, dishing and so on
were inevi tablsy deawsedto Saehsexindénéyosirmm anie cexcessanmeapgidizing
schematically illustrated in Figs. la and 1b, 10 respectively. Moreover, a
metal COWP shkomey iof prlepapeddémtancoricd died condicheowofldshing Fdigédde of
vi gorous polishing. of tun?sten, and at such | qw _pH u%pally decreases the
di sper sabi | PPy t6F Frasi Rel pahii ¢l B3t whpeR FBSufPE 5 el§°§¥"§ﬁ’$°ﬁ®@§m
deterioration aof the reproducibility,of ol ishin LEQr f . lurry.
Summary of CRELGAPSRGSH 20F T1e° B &s AP ﬁ%v%ht?Sﬁggggéggﬁgagﬁgn%ﬁgg'very
that the additi, f o] di ayine raacet at e-yet égggyea nd
car boxyl |§c ag’: dl?l%r%aﬁgﬁgse%gﬁi@ge, @Hrr%t a%ﬁ%lvgg S{Dﬁr ?%/m%o?létteﬁ ni"ng a)&lf?t tle
amount of peLHte AndddkRorganiL aapd @-ﬁu@ﬁ@ﬂant@o@@é\q@@rﬁ‘@iﬂer JAid mprove
e

the 25 polishing rate, the within-wafer nonuniformty, and t
waf er - t o- wak@logienyni f e atrbyioas wellk,as dishidigpersadon so on were
inevitably caused. Such oxide erosion and corrosion are
schematically illustrated in Figs. la and 1b,
10 respectively.

Moreover, a metal CMP slurry 1is prepared in an
acidic condition for the purpose of vigorous polishing of
tungsten, and at such low pH wusually decreases the
dispersability of abrasive particles, which results in

15 significant deterioration of the reproducibility of

polishing performance of a slurry.
Summary of the Invention

20 The present invention concerns the discovery that
the addition of a propylenediaminetetraacetate-metal
complex and carboxylic acid to a non-selective, metal CMP
slurry containing a little amount of peroxide and
inorganic acid as oxidants can considerably improve the

25 polishing rate, the within-wafer nonuniformity, and the
wafer-to—wafer nonuniformity, as well as the dispersion
stability of the slurry.

The present invention features a slurry composition
4



stability of the slurry. The present invention features a slurry
conposition 4 WO 03/015148 PCT/ KR02/ 01492 for use in chem cal nechani cal
pol i shi ngwofo3fetias , t he conposition essentially consisti RgTaERI@/OpOROXI de,
an inorganic acid, a propylenedi am netetraacetate-nmetal conplex, a
carboxylic acid, and a netal oxide powder. 5 In a preferred enbodi nent of
the present invention, a CWP slurry conposition is prepared by dispersing
in de- ionized water (i) a peroxide and an inorganic acid that act as a

m | d oxi dantféomn aeabiimat tloami¢al) mechenhakalcgnplishicont afnimegal, the

propyl enedi am netetraacetate |igand 10 that prevents abraded tungsten oxide
particles frovmpdmitien adifssonialblt heopsllissiead sQiEf aée BAHCKAPEoOvEX t he

di spersion stability, (iii) a carboxylic acid that is helpful in inproving
r epr oduci bi | FRSEE el | Sl pérfOP%P%%G%W%EP%%‘%%%W%%)’%‘F?TT%P nd
(iv) a metal 15 oxide %?r\é}ger hat_acts as,an a t he above

i q%afi ve, Al | oé
features and GtHrer™ 1 et O " the* P ’esaé?ﬁ 1 iVerit O IPPE*SUccessful Iy
achi eved ¢f rom t her, pt e@@ggekgggg%@gdgﬁgﬁy hed (i the Jold onng, . 28, Bri ef

Description of the Dra S I'b are schematic rep_resenta’_tions
iI'lustrating; tdep oxi@er &r 05h98s 8ok Nes CGOFLOSIHON, by 281 £85PEELHY VEA Yael N CWP

process of a nmetal layer. Fig. 2 is a schenmatic representation illustrating
ionized water (i) a peroxide and an inorganic acid that
act as a mild oxidant in combination, (il1) a metal
complex containing propylenediaminetetraacetate ligand
10 that prevents abraded tungsten oxide particles from the
re-adhesion to the polished surface and improves the
dispersion stability, (iii) a carboxylic acid that is
helpful in improving reproducibility of polishing
performance and dispersion stability, and (iv) a metal

15 oxide powder that acts as an abrasive.

All of the above features and other features of the
present invention will be successfully achieved from the
present invention described in the following.

20

Brief Description of the Drawings

Figs. la and 1lb 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



t he wor ki ng mechani sm of PDTA-Fe in WCMP process using a slurry
conposition according to the present invention. 5 WO 03/015148

PCT/ KRO2/WD492151F8 g. 3 is a graph illustrating the dependeat&ri/ioi4l i shing
rate on the added amount of PDTA-Fe. Fig. 4 is a graph illustrating the
dependence of polishing reproducibility on the added amount of malic 5
acid. Disclosure of the Invention In the present invention, as an oxi dant
for 10 oxidizing nmetal substrate to be polished are preferred peroxides
such as hydrogen ey oxidde,s benzgydplperidivderateabcithe pdepxndencearsfim
per oxi de and sodi um peroxi de, and nost preferably is used hydrogen

per oxi de corx?Heshing i nhpartedmnainpearsiBITAstEDhi ity of the
resulting 15 slurry. Hydrogen peroxide _has a relatively high oxidation
potential, but oxitéti8n ¥até iE 3R, | dwlastratingoite heepardsiseprobl ens

with a stron xi.dant unl es Lf.Ls, not used in an excessive unt,
Preferably,ﬁ%égsgﬁQﬁr§e86ﬁ§8§F%?Eﬁt3f(¥hegﬁ?e§ QIﬁﬂ§ﬁ?Fnﬂ£E§héﬁ+% 20
0.5-5wtogof 1he,peroxide. To conplenment the oxidizing power of the slurry,
at least one Tnorganic acid is used in addition to the peroxide.
Preferabl e inorganic acid can be exenplified by nitric acid, sulfuric

acid, hydrochloric acid and 25 phosphoric acid. Regarding the surface
contam nation after polisiDigrldduré Cofictik iTnvErdidqy eferred. In the

In the present invention, as an oxidant for
10 oxidizing metal substrate to be polished are preferred
peroxides such as hydrogen peroxide, benzoyl peroxide,
calcium peroxide, barium peroxide and sodium peroxide,
and most preferably is used hydrogen peroxide considering
oxidizing power and dispersion stability of the resulting
15 slurry. Hydrogen 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



present invention, the inorganic acid also functions as a" pHcontrolling
agent to facilitate the oxidation of 6 WO 03/015148 PCT/ KR02/ 01492

t ungst en. wohg/otamg ent of inorganic acid in a slurry conp®sTtKRm/00f92t he
present invention is preferably 0.001-5.0Oano0, nore preferably
0.001-3.0OMm 0. In the case that these two types of oxidant, i.e., 5 the
peroxi de and the inorganic acid, are added over the wupper limts of the
above nmentioned ranges, respectively, the oxide erosion, corrosion, pit,

di shing and smguteate |THeel yohventcwf andrigantbhe appbsiihe gaseE udesired
polishing rate can not be acconplished. 10 Typically, CWMP slurry ‘
conposi ti onswwrikiony the thel | PAABEAE ofinvendiori damt s migde b her oxi de
and inorganic acid can polish a nmetal |ayer and a barrier,

| ayer (pri mard 18P 12 HYEH N e @R Y & iy -Ih%-ar  rates to prevent
oxi de erosion, b tggg woul d ge 1§ﬂe r oper %o t he onventi%naL

sem conduct or proces gag® + the excess! ve ¥p?3wpgopﬁ§ﬁaﬁg’réké?‘Though
the additi %eofps%g§fa%vsn8X!tﬁ@nti31&?§ d mproye Lhe apakbsiiag rate. it
woul d cause various problens includin the oxide erosion and the corrosion

and further ‘{ifﬁé@r 1180 20 handlH NG dvd heersd dan di dideaul trhgcaitsie,of | he
i

strong' acidity. Alternative to this approach, we enploy specific netal
conpl exes t atef foci@nt &yoatdh eveothesipnl i phtpngdishengeguidr ed fwar are
sem conductor processes. The netal conplexes consists of a
likely to occur, and in the opposite case, desired
polishing rate can not be accomplished.

10 Typically, CMP slurry 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 improvev 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 O-M is lower than that of O-

W. Hereinafter, such metal complexes are referred to as

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



25 propyl enedi am netetraacetate(PDTA) ligand and a netal (M atom wherein
bond energy of OMis |ower than that of 0- W Hereinafter, such neta
conpl exeswearog/ordfierred to as ~ PDTA-M conpl ex', or short| yCTRRAOM92 7 WO
03/015148 PCT/ KR02/ 01492 The probabl e nechani sm by whi ch the PDTA-M
conpl ex enhances the polishing rate could be explained as follows: the
PDTA ligand forns a conplex with tungsten oxide, WOy, which was abraded
froman oxidized tungsten 5 | ayer during CMP process, and renpoves them from
the reaction systleim pfabibitaticagahthiemoxtiatih Dehr eaet irF@Tz2oM ddgplemgst en
| ayer. Usual |y, however powerful oxidant nmay be used, it cannot overcone
t he decreaseerdfarpeds shilng patéshésal t edter omorle adeumsgsatliaamast abs aded
metal 10 oxi de according to the progress of polishing, because the netal
oxi de i nhi bifs ke poFRshiFRf byl FLRHUhEPIRG ht 6TPheX s iiftlc e WidT H net al

I to b | 1 shed. Th t i ti i t 0l . i -adh

by bl em - TRE TR 9 YantnFEE VAt £PUBHER: 8 Toat O rhas hothen g O
| d th il I , - , b
selocti ng T FE: ol S o R T hond Snet grO e e 0- MAE FROET i Pha
of OW the RDTA M, coypkex, canha ispentaneous! ¥.¢aaYephed dankq JRDTAr W

conpl ex during polishing process. For exanple, in the 20 case of PDTA-Fe
conpl ex, theronduageregy ofasfe i gsud3igkcaldwdre whivb@etfatl afxdMbei ng

160kcal /mol, and therefore the Fe atom coordinated to the PDTA |igand can
may be used, it cannot overcome the decrease of polishing
rate resulted from the accumulation of abraded metal
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 multidgntate 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 0O-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/mol while that of O0O-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



be easily replaced with a Watom that is, the PDTA-Fe conplex is
converted into a PDTA-Wconpl ex. Thus, by use 25 of the PDTA-M conpl ex, the
re- adhesiwp odp1dtwhgst en oxide is efficiently blocked, an@cCrhesRoehore the
reproducibility of polishing performance including polishing rate as well
as selectivity are also inproved. 8 WD 03/015148 PCT/ KR02/ 01492 \While
PDTA- Fe conplex are nost preferable in terns of the cost and the efficiency
of absorption of the polished netal oxide, any netal atom can be
substituted for Wellad oADSA-Fengoapliek care froo ot cpardierabilen ibondsris Wi t h
the PDTA |igand and binds to oxygen atom nore weakly than tungsten atom
does. Non-| |<Pﬁt|t|111@ exafpl e3ndf thechefPOFAeheYal ok ol s Htidudef PO N and
PDTA- Co. Figure 2 schematically illustrates the working nechanlsn1of PDTA-
Fe conpl ex R} PRRhgOFide t Figstetd ayeFolisCRG 5*31EHQ$K&FW ed
conposition of the present invention reover, the PDTA-M conpl nproves
t he storagezg E||ﬁRPWﬁ Gy %oﬁﬁoﬁ%ﬁc@bﬁ? e ?RQ% ion so

i ol st g bt D scalnanon g, ol
to a 5'UrrWﬂﬁQﬂp@§h&b@8na%téﬂlQﬂ&§§'VeNoﬁhﬁlﬂiﬁpfgSQQbhbﬁﬁsokf %hlé&a-ls
certain to significantly decrease at an acidic requi red for usual netal
pol i shi ng prerEssestdecadtsel et hent o6t eRbTA-ENPoand PDTAHtbCca Maguitde?
smal | est absol ute 20 val ue over pH 2-4. Therefore, as tine |apses, re-

schematically illustrates the working mechanism of PDTA-

Fe complex during polishing of a tungsten layer using a

10 slurry composition of the present invention.

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 value over pH 2~4. Therefore, as time lapses, re-
coagulation of the silica 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 long-term storage stability of a slurry
composition of the present invention i1s enhanced.

To a slurry composition of the present invention is

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



coagul ation of the silica particles progresses spontaneously to form

macr o- aggregates, resulting in precipitation and scratch. The PDTA-M
conpl ex pwewan1348 such coagul ati on of abrasive particl es POEIKRIIOgISI | i ca
25 so that the long-termstorage stability of a slurry conposition of the
present invention is enhanced. To a slurry conposition of the present
invention is preferably added the PDTA-M conplex in an anmount of 9 WD
03/ 015148 PCT/ KR02/ 01492 0.001-0.5wm o0, nore preferably 0.05-0.3wmo0. If
excessive RODBIME.awilex meraddedfenmebaly| DcObrPpuBiwtikes ilrfcreeasssdive a
slurry conposition and thus the reliability of the resulting sem conductor
product s wolRRIFM e detrerlieot at edadgedn mhgaodther Lnangitie st HaREEASM donpl ex
is deficient, the efficiency of capturing tungsten_oxide as well as of

st abi | i zi ng &i $PELEHbi FIERCDF DR asinFesthEE| iHEs. rRRdrEidydYogeh Petoxi de

[ d i.dant ' h t, | ti h i dizi f
2 si ur Ty 10 COMHORTA | S bBCBNS: Pbwh: CHbiseal I Bh DEme T 1 THE
decompos i Qfh OfnbYdLAARN REISX! de ikBko Grand oo Based Ak {dishe
observation, 'we use a east dne carboxylic acid aving one or nore

carboxylic groupsetfdfidhesr eahangeingheungproduskbibi by Qfe1poldshing
performance and the 15 storage stability of "a slurry conposition of the

present i nvardy 0. z iNen-dii spd g exianpl &5 0frsuete cardaaxiyHd<. aci d i ncl ude
acetic acid, citric acid, glutaric acid, glycolic acid, formc acid,
| actic acid, malivtheac dyydmbedn cpacdédide 1s used as an oxidant as in
the present invention, the oxidizing power of a slurry
10 composition becomes lower depending 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 i1s ©preferably 0.1~10wt%, more preferably
0.1~2wt%. Excessive carboxylic acid over 10wt?% may
rather reduce the dispersion stability of a slurry
25 composition, while the desired effect cannot be obtained
with an insufficient amount of carboxylic acid.

In the present invention, as an abrasive for

polishing tungsten film oxidized by the oxidants as
10



oxalic acid, phthalic acid, succinic acid, and tartaric 20 acid, while
mal i c acid being nost preferred. The content of carboxylic acid in a
slurry cowpasiotjias of the present invention is preferabl PCO/KRROM, nore
preferably 0.1-2w 0. Excessive carboxylic acid over | OMm % may rat her
reduce the dispersion stability of a slurry 25 conposition, while the
desired effect cannot be obtained wth an insufficient anmount of
carboxylic acid. In the present invention, as an abrasive for polishing
tungsten fildesaxtidiabdinyywd hsmoxiadantsdas pd@d¥O 03/ 052848 RCHKRORI01492
descri bed above can be used a powder of netal oxide such as silica,

al um na, cerdsa sindicadt anluninmd chelai pndatisanipst apleftder 6d lieGause it
gives the excellent dispersability and the |east possibility of scratches.
5 Preferabl yiotthe rfeficidade RRABISSnounts 19651 1 G, %ﬁ?eeupﬁrétf erably

1-7wto in a slurr onmpasitio f. th esent .i.n tion. I f Jjt. ] ver

| Ot % t he lssp?eer%ﬁag%qp]gctyab?mgt %hoef geg%r rpyoscsolr?pl\gg’lncyi o%fbesccofr?ets&;eosg'r and
furthernmpre tch i Lan cyr id it is
bol ow 0 Put &2 TraaB FImAN L I8 BXLAE Bhngkan AR eecty d A et or

processes capnol beczehbgyed.1~7the prgsent siavent i demoee dearly
understood with referring to the followi ng exanples. It should be 15

under st ood thadsdhte iatéowisg. exagplies iy eonot Loweddedhet alirgstrdicint he
scope of the present invention in any manner. The polishing performance of
the respectistmbility of a slurry composition becomes poor and
furthermore the scratches and the oxide erosion may occur,
10 and if it is below 0.1wt%, the polishing rate appropriate

to the usual semiconductor processes cannot be achieved.

The present invention can be more clearly understood
with referring to the following examples. It should be
15 understood that the following examples are not intended
to restrict the scope of the present invention in any
manner. The polishing performance of the respective
slurry compositions obtained from each example was
estimated as follows:
20 ® Polisher: Model No. 6EC(STRASBAUGH, USA)
® Polishing Condition:
— Pad type: IC1400/SubalIV Stacked(Rodel, USA)
— Platen speed: 75rpm
— Quill speed: 35rpm
25 — Pressure: 4psi
— Back pressure: Opsi
— Temperature: 25°C

— Slurry flow: 250ml/min
11



slurry conpositions obtained fromeach exanple was estinmated as foll ows:
20 Polisher: Mdel No. 6EC(STRASBAUGH, USA) Pol i shing Condition: - Pad
type: | CIwO0Bs8u11a3 V St acked(Rodel, USA) - Platen speed: PSTERO2/00Q92] |
speed: 35rpm 25 - Pressure: 4psi - Back pressure: Qpsi - Tenperature: 25C
- Slurry flow 250nml/mn 11 WO 03/015148 PCT/ KR0O2/ 01492 Pol i shi ng
Substrates: As test wafers were used Wbl anket wafers, each of which had
been prepared by sequentially depositing 1, 000A HTO | ayer,' 1,000A Ti N
layer and 10, 000A®N Payeshbig aspiotyrStes 5 mef eestExamelre liedepessienge of
polishing rate on the added anount of PDTA-Fe To a flask were added 50g of
Aerosi | 90G Degussa Znkab @afauny) eagl7. By ohide- henli ietwapeepatddog of
malic acid, 0.3g of nitric acid, and 20.Qg of hydr ((J:]en per oxi de, and then

stirred at 2, OOOr pmP%r 2eEdeRsIakhy | o@\%%ofb}yt%ﬁ@h HriesstiFe dl%b@?m on

under the pressure o{ & égOgs% The %uiq g Q?J was filter through
a 1pmfilter, and 15 0°0 Zba%lr@n ’0@0 © RN vasP Addedt
thereto, 5 to provide,pplishing slurry conpositions. Polishing of

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 1um filter, and

15 0.0g, 0.02g, 4.0g or 10.0g of PDTA-Fe was added thereto,
to provide polishing slurry compositions. Polishing 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 X
Slurry PDTA-Fe Polishing Rate Polishing Rate
for W' for P-TEOS™
I 0.0g 863 A/min 48 A/min
II 0.02g 1,006 A/min 53 A/min
III 4.0g 2,445 A/min 87 A/min
v 10.0g 2,718 A/min 105 A/min

* W: tungsten

** P-TEOS: poly-tetraorthosilicate

12



the test wafers(Wblanket wafers) was conducted using the respective
slurry conpositions for 2 mnutes under the condition as described above.
The resulwe oanesiget forth 20 in Table 1 and Figure 3. TalpCa/KRoSowmoey
PDTA- Fe Polishing Rate Polishing Rate for W for P-TECS** | O Qg 863
Amn 48 AAmn Il 0.02g 1,006 A/Ymn 53 A/mn 11l 4.0y 2,445 Almn 87 AAmn
IV 10.Qg 2,718 Almn 105 A/mn * W tungsten ** P-TECS:
poly-tetraorthosilicate 12 WO 03/015148 PCT/ KR0O2/ 01492 Exanple 2: Effect
of PDTA- Fe @&Eranmplex? deEE£fest opf aPiTAt+Ee owrtlsioxniddcesdsioy and tlhet he
above Exanple 1, and other slurry conpositions having the same conposition
as the 5 slurry Il w ERYERELBRception that Fe(N0O3)3 or Kl 03 was,

substituted for PDTA- F‘i wer e used, re%pecti vely, for _ polishing tterned
waf ers havi ng t he' 1§ n&1Wicdirh bf L 0°2prhUundBPVEh&*adidit i on 489destrFhed

Fe(NGB) 3 KI CoPo1Y s ARG S48 Cor FOL Sh "RE FAVS 1 or "W o) ber i SRt 6™ 4. Og

0 O Gy 2’§ﬁﬁﬁ nﬁ@ISQ\ii&hlotl‘% m.cheption 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 described above. The results are

set forth in Table 2.

10 Table 2
Sample PDTA~ Fe (NO3) 3 KIO; Polishing Oxide Corrosion
Fe Rate for W Erosion Rate
4.0g 0.0g 0.0g 2,486 A/min 85 A 10 A/min
0.0g 15.0g 0.0g 2,445 A/min 460 A 1120 A/min
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 Dblanket 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

13



2 Oy 15.0g O Qg 2,445 Almin 460 A 120 Amn 3 OO0y OQy 20.Qg 2,718
Almn 328 A 150 A/ m Exanple 3: Dependence of reproducibility of polishing
per f or mrarwo oom1itke added anmount of malic acid 15 A seri ePCOKRRO1499
conpositions was prepared according to the sanme manner as in the
preparation of the slurry Ill of the above Exanple 1 with the exception of
varying the anmount of malic acid. Polishing of test wafers(W bl anket

waf ers) was conducted using the 20 respective slurry conpositions for 2

m nutes under the., coriaiahuasydesopPdetiiaBove. The results are shown in
Figure 4. Exanple 4: Effect of PDIA-Fe on the dispersion stabilit 13 WO
03/ 015148 PCT/ KROFD1#92 L0 L 5L sPtir bye corposi Braom hel sl @PHy2 | $P06¥OL he

above Exanpl e 1, and a_contraol lurr osition_ having the same :
Gomposi ¢ on SRUTHE CERERRY PP vith-Pie TRoeptiiEn T 1AT o1 PBTA. F&° wer e 5
subjected to okishingqte a %]eez&rl ed.ab n.da 30, and
120J after thsei%% ar&gt%i owr}g:t}te?%algf% lrcglsu ?sq\éfce]pscé? (?rT%h Ei%n ‘%’%g?e 3
t oget her swi tdupe-t@an o paid 1166 Bi St 28y Of e $thes & ESPEEE 1 WEY SAMETY on da%o

conpositions, which was neasured by neans of ELS 8000(Gstuka Co.,
Japan). Tabl®, 338anploe RIAIA- Ee0Dayf tafrt ethPopbrspangtMean thereof. The
results are set forth in Table 3 together with the mean

particle size of the respective slurry compositions,

which was measu;ed by means of ELS 8000(0Ostuka Co.,

10  Japan).
Table 3

Sample PDTA-Fe Day after Polishing Mean
Preparation Rate for W Particle

Size

1 0.0g 0 863 A/min 185 nm

2 4.0g 0 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 4.0g 120 2,418 A/min 188 nm

Example 5: Dependence of polishing performance on the

15 added amount of hydrogen peroxide and nitric
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

20 varying the amount of hydrogen peroxide or nitric acid.

Polishing of patterned wafers having the line width of
14



Preparation Rate for WParticle Size 1 OOy 0 863 AAmn 185 nm 2 4.0 O
2,445 Almin 185 nm 3 O Qg 30 425 A/lmin 210 nm 4 4.Qg 30 2,375 A/mn 186
nm 5 O QyoaR/0Ba8 A/min 248 nm 6 4.0y 60 2,485 A/ mn 188 POMKRO201493 120
376 AAmn 447 nm 8 4.0g 120 2,418 A/m n 188 nm Exanpl e 5: Dependence of
pol i shing performance on the 15 added amount of hydrogen peroxide and
nitric acid A series of slurry conpositions was prepared according to the
same nmanner as in the preparation of the slurry Ill of the above Exanple 1
with the exceéplimn ofas20 cangiagethe asbunt dfhehydregeacpervexi delwErnitric
acid. Polishing of patterned wafers having the line width of 14 WD

03/ 015148 PCIPREDI®1AY2 BODpn?wa&ldghasct 8ddgEi ndtthe FUEPEtIVe 3Furry

conpositions, for i nut es under the ndition as . descr.ib bove. The
Coohits are SETCHRTR T el dTp RAS 5 Sare BrtiSgen NAERE ol i ohi ng
Corrosi on Oxide Peroxide Acid Rate f@%?ng@te Erosion 1 20g 0.3g 2, 486
Almn 10 AAmin 85 A 2 60g 0.3g 3,253 mn 130 Almin 684 A

Sample Hydrogen Nitric Polishing Corrosion Oxide
Peroxide Acid Rate for W Rate Erosion

1 20g 0.3g 2,486 A/min 10 A/min 85 A

2 60g 0.3g 3,253 A/min 130 A/min 684 A

3 2g 0.3g 637 A/min 4 A/min 62 A

4 20g 0.005g 1,204 A/min 5 A/min 47 A

5 20g 0.8qg 2,765 A/min 8 A/min 116 A

As stated above, by virtue of the present invention,
it has become possible to accomplish the optimum
polishing rate in CMP processes without typical problems
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 Dbe understood that all of such
modification and change are encompassed within the scope

of the present invention.

15



3 29 0.3g 637 A’/mn 4 A/mn 62 A 4 20g 0.005g 1,204 AAmn 5 AAmn 47 A 5
20g 0.8g9 2,765 AAmn 8 Almn 116 A 5 As stated above, by virtue of the
present iwWoeaizamg it has becone possible to acconplish rog/KgRiomn
polishing rate in CVMP processes w thout typical problenms such as oxide
erosion, corrosion, pit, dishing and so on. 10 Further, the slurry
conpositions of the present invention have been so inproved in the

di spersion stability that they are sujitable for |ong-term storage. The

si npl e nodi fication and change ofiﬂﬁ?ﬁﬁ%sent 15 invention will be readily
made by persons skilled in the art and it should be understood that all of
such nodification and change are enconpassed within the scope of the

present inventioni.15 WO 031 025348 RegoKRO2601483r Ghadnsid. MEhursy
conposition for use in chemcal nmechanical polishing of netal,, conprising

a peroxi de, mechénioal gaoltshcng, od RBTA(Rr eypenednamaneietdaadet ate)
metal conplex, a carboxylic acid, a netal oxide powder, and de-ionized
wat er, mﬁerelmob@ﬁﬂl@neﬁgydbetWEenPﬁ%AéprOBthm%mmhm»@@ﬁﬂtEﬁ&m@tmﬁ%he
PDTA-netaI conplex is |ower than that of 0-W 10 2. The conposition
accordlngIxf@ﬁ%}nF?mP%ﬁ§reﬁnC%@??%%ﬁk%s@?}%n 2ofpirRrde LT B 50REIF t he

per oxi de, and de-ionized water, wherein bond energy between metal

atom and oxygen atom in the PDTA-metal complex is lower
than that of O-W.

10 2. The composition according to claim 1, wherein
the composition comprises 0.5~5wt% of the peroxide,
0.001~5.0wt®% of the inorganic acid, 0.001~0.5wt% of the
PDTA-metal complex, 0.1~10wt% of the carboxylic acid, and
0.1~10wt% of the metal oxide powder.

15 3. The composition according to claim 1, wherein
the peroxide 1s one or more selected from the group
consisting of hydrogen peroxide, Dbenzoyl peroxide,
calcium peroxide, barium peroxide, and sodium peroxide.

4. The composition according to claim 1, wherein

20 the inorganic acid is one or more selected from the group
consisting of nitric acid, sulfuric acid, hydrochloric
acid, and phosphoric acid.

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

25 6. The composition 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,

16



0.001-5.OMm 0 of the inorganic acid, 0.001-0.5wt % of the, PDTA-nnetal
conplex, 0.1-10wmo of the carboxylic acid, and O 1-1Om % of the netal

oxi de povwwero3/01848. The conposition according to claiml1, PONGRIMO149 he
peroxide is one or nore selected fromthe group consisting of hydrogen

per oxi de, benzoyl peroxide, calcium peroxide, barium peroxide, and sodium
peroxide. 4. The conposition according to claiml1l, wherein 20 the
inorganic acid is one or nore selected fromthe group consisting of nitric
aci d, sul fuurf@leks dachgdr 6¥BILAFI @Cighi dohblihal bhospheri Guasiiis. adhe,
conposi tion accﬁloi_[ di ng fo cclé,g; m 1, wherein the PDTA-netal conplex is

PDTA- Fe, PDTENi CA0raBEBTARAGS: 25 6. The conposition according to claim 1,
wherein the carboxylic id.is one or nmore selected fromthe roup,

consi sting of achi c acﬂﬁ% %%??ﬁgscl%%? ,aﬁfsﬁfg?’iqg %SCicc},al& gr!ol e%%rla,
formc acid chdChleaaCictid@lie aehdea, 16, MRLGY 015145, PCTAKRA/01492

mal efic acid, oxalic acid, phthalic acid, succinic am%’, and tartaric
acid. 7.5Theniconposs tilggreagcording to claim 1, wherein the netal oxide is
silica, alumna, ceria, titania, or 5 mxtures thereof. 8. The conposition

according to claiin 2, Wher ecomp@OTNA:oet abcoodphextoontienim of, tleerein

conposition is 0.05--0.3wa. 17
PDTA-metal complex content of the composition is

0.05~0.3wt%.

17



