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CHEM CAL MECHANI CAL POLI SHING OF METAL W RI NG Technical Field 5 The
present invention relates, in gen w slurry conp%%&
chem cal WHBMIHE| polishing(Cmﬂw“I Mg s in manufacturing ol 8%

sem conductor devices, in detail, to
pl anari zation of tungsten |ayer of devi ce wafers.

including tungsten have diverse applicability 15 in manufacturing
integrated circuits. FQr rgaﬁ? %ﬁiﬁﬂ? et caRd to

i nt er connect nunerous 5%%b5|Flone§ on a, S|I|conmaf
to constitute them Oy giy BRFHING OF Meirhg, freIMGoduced by
nmounting appropriate devices such as a diode and a 20 transistor on and/or
in asiliconwafer. At this time, processes for formng separate |ayers of
insulating material and conductive material throughout the surface
device are repeated. In an integr@eebntcatuFieldcharacteristics of a

contact 'hole or via depend on the 25 nature of the insulating material,
and the \Ha is filled
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The present invention relates, in general, to a

slurry composition for wuse in chemical mechanical.

polishing (CMP) processes in manufacturing semiconductor
devices, in 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 consFitute
them. Currently, infegrated circuits 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
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w th conductive materials so as to provide a vertical contact that

penetrates the insulating material and contacts appropriate parts of the

devi ces muntggﬁ& the 1 WO 03/015148 PCT/ KR02/ 01492 waf gforpdhéddiadd um num
| RO2/0

i s useful YO

ng material, it 1is inadequate to fill the inside of a

via conpletely. Typically, aviais filled wth tungsten that can be
adapted to a CvD(chem cal vapor deposition) process. In 5 the course of
chem cal vapor deposition, tungsten not only fills the via also covers the

of tungst on, VatER UNW | ABCRCPERCRST FREAL Y thev Thray BRFPe Py 2 ¥rs "
the via. 10 Rrevj I R ' ' hi | d
e ungs e, PEeduate ntB (AL 1 KR! AsAUEN S1) aPIAGESEcBIeLRTR. V¢

on 'step 1 h conventl ona sem conduct or processes.

However, theﬁp'id%flqgessa has a ciktigall xhoni emichggsitent hehatt dan ape to
u

overetch the
via, resulti@agt

ngst

n layer to partially etch even the tungsten in the 15
0o EONERD{chémbcd hevapor depositioy) poosedson The

tungsten |ayer. "Furthernore, any tungsten particles remining on the. :
waf er canscauss f abaksei nffer chemtgailn wdmor edeposhgiceni doniftien not

I ntegrated circui

process that drdy b&éaldevehopedvia sl RISESpr BB e

t.. It is the CWP(chem cal nechani cal f)lishin ) 20
tHh ﬁﬁg ﬁ%@

process. The CWP process _has cone to. be jntr q%ied 0, art c ing to
the i ncrease IatSUlAtddS t }2¥8d -t he ﬁﬁ&i&W1Qﬁ (ﬁ eF&lEanﬁéﬁgénP%gngbgtor

i ntegrated circuit
exces

éiof'%dﬂg%ten, aluminum wiring is then formed on the

dielectric layer and the via.

10 Previously, a RIE(reactive ion etching) process was
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employed in the tungsten-elimination step in conventional
semiconductor processes. However, the RIE process has
critical shortcomings in that it i1s apt to overetch the
tungsten layer to partially etch even the tungsten in the
via, resulting in poor contaét with the aluminum wiring
formed on the tungsten layer. Furthermore, any tungsten
particles remaining on the = wafer can cause fatal
inferiority iin the resulting semiconductor integrated
circuit.. It is the CMP({chemical mechanical polishing)'
process that has been developed to solve these problems
with the RIE process.

The CMP process has come to be introdUcéd in the art
according to the increase of integrity and the number of
layers of the semicbnductor-;ntegrated circuits. In fhe
CMP process, a semiconductor wafer is 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



25 CWP process, a semi conductor wafer is subjected to orbital novement
conbining rotation and translation while contacted with a polishing pad

made of pgQ r ne and wth a slurry conposition conpr ipgt i ves
and 2 VI)“%%%T@%Q% PCT/ KR02/ 01492 vari ous ot her conpounds?%Fggg?gﬁg?ize t he

surface of the wafer. Generally, slurry conpositions used in such QW
process (hereinafter, referred to as "CWMP slurry') provides both chemi cal
and nmechani cal polishing effects, 5 while etchants, oxidants, acids,. and

di spersing agents. _bej [ I of +t.h L cal | i shi ¢ _
b ey ven? R SparSh BRsL BafPRisdr P cbiBISHARLER) thel e wtiton and

mechani cal R?éfﬁil'. ngckuachi ey, Eu@&efyt omgtd itshing dsedt Eansuah @MRny
protrusion of the outer 10 surface of the wafer to be selectively etched
and pol i shegiroc€sslhépeihaftde, besetprarar i zaoi ormsof tOMP wedlrrrckor di ng
to the polishing substrate, CVWP slurry can be classified into

oxi de- pol i shhngvsdesr pothr chemitali agd ngdhandioals el ighigin2fEgersand
netal - polishing slurry for nmetal |ayers such as tungsten or, alum num | ayer.
These two cvhsles efichavtss| uexidaresdi d¢AdFnARY %HsPﬁésWnp%%%%{%

exerting the chem cal | i shi f i.on., whi l e, . '

retal -pol  SHPRFEAD zqgﬁgt%;r59hgix%f“rréf’%‘w%?pa%ﬁmé‘e;&%%&#8 y the
xi de erosion due,to_the_ di Eshj :

barri er met afPEAGLESH ol @&%F?%$€§/§$?é%ﬁg$%ﬁgh£€%¥ ?E)@f%ah@%geﬁ?%ﬁagim :

fﬁgeiziYgsfg%RaPEe"%&mtﬂénﬁ%éhéﬁ&céyiSémishﬂﬁéthﬁetioan iy osweN or

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.

Acc¢ording to the polishing substrate, CMP slurry can

be classified into oxide-polishing slurry for insulating

15 layers such as Si0O; layer and metél—polishing slurry for

metal layers such as tungsten or aluminum layer. These

two classes of CMP slurry are discriminated in the

L components exerting the cheﬁical 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 5r 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 resulting semiconductor integrated

circuit may not work normally. These problems are
3



25 occurs during CWP process, contact with another netal |ayer deposited
on the polished netal |ayer cones to be poor, so that the resulting

senicond%%(g kg@ﬁgrated circuit may not work normally. Ppoescepodtens are
3 WO 03/ 0Y%2¢ /1 CRO2/ 01492 considered to arise mainly fromthe

excessive oxidizing power of the oxidants contained in the polishing
slurry. Up to date, polishing rate required for the conventi onal
sem conduct or processes has been acconplished primarily. 5 by increasing.

Conoeauens | Fonsiated o7 hiraBel thadh1 vt K 180 8GREI15e WRIB 2Ny,

Consequent | ¥ or rosi pit, dishing and so on were
inevitably ca . Su 0Xi Sj 80K LOTH@N d shdahematireyl.| y
iIIustrated3?1%%tﬁ£;fgeaéggﬁgﬁﬁglgggggggctiver. Né?gbver,ba metal CWP
slurry is pqﬁpaggddgaegnpo@@gﬁﬁﬁgCﬁaﬁéttequﬁmedtEberﬁpnsnxwﬁnﬁu@@@dus
polishing of = tungsten, and at such |ow pH usually decreases the .

di sper sabi | idemidormducisoy e pracesekes haghi keeR e 2@COTPLA sPSds REHBTIhY.
deterioration of the reproducibility_ of oIishing per f or ncet:f %fslurry.
Summary &f thie iFeIRATIND0 SFHOSH 38Rt PROBAEI oRTc. BAGerTE FIE-Hi Sovery

oy Sorcne | bl e o LT SRR 2! BBl fr e
Tprove t he SEOBUTRani RGTEATR O he H4Thi roder el nodia f ormn Lo and She
mafer_tcyVW”fﬁe&E%%E&§OEghE¥d.assﬁeﬁloﬁid&h%ﬂwéﬁa%“3d31corrosion are
schematically illustrated in Figs. la and 1b,
10 respectively.

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

15 significant deterioration of the reproducibility of

polishing performance of a slurry.

Summary 6f the Invention

20 The present ‘invention concerns the discovery that
the addition of a propylenediaminetetraacetate—metal
complex and carboxyiic acid to a non-selective, metal CMP
slurry containing a little amount of peroxide and

' inorganic acid as oxidants c;n 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 WD 03/015148 PCT/ KR02/ 01492 for use in chem cal nechanica

polishing of nmetal, the conposition essentially consisti oxi de,
an inor g¥R%BOIMY  a propyl enedi ani net et r aacet at e- net al pgg%ﬁog?ﬁ%

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 oxidant in conbination, ,(ii) a nmetal _.c l.e . t ak ni 1. th
propylenediaﬁ?ﬁepéﬁréﬁbng?@l%F aﬁ@cﬂﬂnﬁﬁgg gﬁgfgﬁ?gggﬁggdg g?uﬁgstgh oxi de
particles fromthe,.r 'aQQ§ L.on. h i sykf age ﬁ@@b*{ﬁgpveﬁlthe

di spersi on s?%%???%@%g?iil g%ﬁ%%%%%iyﬁ¥£ﬂ%€§§§g%at is helpful in inproving
reproduci bil | Q! i s{iing, pPerfoppepgEensdi shineiet riacdedttid-netaland
(iv) a netaliﬁ%ge%§?de poﬁher t hat gctgyas an abrasive. Al of the above
features andcgﬁﬁféxfeatgéﬁboﬁylibeacpdes&md a mvesre )i aoride |[pdedesuccessful |y
achieved fromthe present invention described in the follow ng. 20 Brief
Descri ptisn of thenDaapirederiEiegs erpdimenith ofr dhee aaent rEpraset™at i ons

illustrating the oxide erosion 'and the corrosig , %g respectively, in CWP
process of aanEMB| sluysy. cAMgosztignal§ cRERRRTR B@%r T TR It rating

(e wor ki 19 Techani o oL POIA e b WGP BAACGRS B Mrtc Yol enae
act as a mild oxidant in combination, (ii) 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. 1la and 1lb are schematic lrepresentations
illustrating the éxide erosion 'aﬁd the corrédsion,

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

slurry composition according to the present invention.
5



5 WO 03/015148 PCT/ KR02/01492 Fig. 3 is a graph illustrating the dependence
of polishing rate on the added anount of PDTA-Fe. Fig. 4 is a graph
illustrating the dependence of polishing reproducibility ) ed
amount of wép}/@ﬁg acid. Disclosure of the Invention In thl‘em‘pr esg)ﬁi?ﬁ
invention, as an oxidant for 10 oxidizing netal substrate to be polished
are preferred peroxides such as hydrogen peroxide, benzoyl peroxide,

cal ci um peroxi de, barium peroxi de and sodi um peroxi de, .and nost preferably

i s used hydrogen peroxige ,consideri . ox1 di Zi o i § [
stability of the &§§Ult'nd515asﬁhﬁggg %@%?%%éﬁﬂgéfoﬁﬁéeqﬁ%§9% rekit??ely
hi gh  oxi dal i ALel idlce R <hE Qildedn ah@URt! SrsppbRuFgs 10 avoid the
vari ous probFens w a strong oxidant unless It is not used in an
excessive amount. @refegallsy, at Rgraph ULLVus€RafioR) t the afeddrelgnasent
invention contains 20 0.5-5wm % of the peroxide. To conpl enent the

oxi di zi ng powyligfhite séproguchbiliepsbnonche naddedi emeuing isf usediicn
addition to the peroxide. Preferable inorganic acid can be exenplified by
nitric acdd, amild.uric acid, hydrochloric acid and 25 phosphoric acid.
Regardi ng the surface contamnation after polishing, nitric acid is nost
preferred. In the present invention, the inorganic acid also functions as

2 phcontrolling agent to Jachlifale desXigbholoq! © VIO 03/015148

In the present invention, as an oxidant fof

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 relativeiy 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 écid, sulfuric 'aéid,' hydfochléric acid and

25 phosphoric acid. Regarding the surface contamination
after polishing, nitric acid is most preferred. 1In the
present invention, the inorganic acid also functions as &

pH-controlling agent to facilitate the oxidation of
6



tungsten. The content of inorganic acid in a slurry conposition of the
present invention is preferably 0.001-5.0OM% nore preferably

0.001-3.OM % In the case that these two types of oxidant pe t he
per oxi de WAO¥N3MBnor ganic acid, are added over the upperl)cl‘r|[I§1mt2{e,91§2 t he
above nentioned ranges, respectively, the oxide erosion, corrosion, pit,
di shing and so on are |likely to occur, and in the opposite case, desired
polishing rate can not be acconplished. 10 Typically, CWP slurry,

conposi tions, conprising the snall . amount, of nild oxidants, syc roxi de
and inorganFEnagﬁﬂncan %?i§ﬁg§eﬁgtgﬁylé§@Fg§h&ga égiiéii ng§g$r9§
(primrily, 2odbbIiNibAyeok akn8ul H:ebeflt! Y ibllinkdbn Malees gibpdgusny oxide
erosi on, but ?ﬂ@y Wwou be™15 I’ nproper to the conventional sem conductor

processes dug, oh9~5NBwe%CERSLY G YetOMAD) | G100W0-3 Aws . Though the addition
of excessive oxidants could inprove the polishing rate, it would cause

various probl ens TAckhd rgpse Hehaixithess obvontgpedst b oxidagiton &nd-furt her
make the 20 handling of the slurry difficult because of the strong
aci dity. %A t theapiewoxide ns dhs otrIrIarienpfby, 8pecPEPEIAVET cBRBI exes
to efficiently achieve the olishing rate, required for sem conduct or
processes. THEPeﬁetlémiéérrBﬁeEB% %ﬂ%fg s‘i‘%n'B%O%e%rangesr respegtlveiyr.
propY! ened: i 1oL el aeel e POTAL LLoRRd 31, LAl o gL
conpl exes are, gherred 19:85; PRI MiCORRLeXoppBE1 50" éAde, PRIds Mrea? VIO
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'lthe
polishing rate required for semiconductor processes. The

metal COmpleies " 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



The probabl e nmechani sm by which the PDTA-M conpl ex enhances the polishing
rate could be explained as follows: the PDTA ligand fornms a conplex with
tungsten oxide, WOy, which was abraded from an oxidi zed gi4ngg | ayer
during CWWOIBMA4E  2nd renmpves them fromthe reaction systemﬁz‘m1£
facilitating the oxidation reaction of the tungsten |ayer. Usually,
however powerful oxidant may be used, it cannot overcone the decrease of
polishing rate resulted fromthe accunul ati on of, abraded netal 10 'oxide

according to the progres polishin e h Qi LRALDbits
the polishing by fhﬁaBﬁQE?ﬁgeoHFS%aPﬁgn%Spig@§f8% ?ﬁg né?%ﬁq%lg§%Pm?g be
pol i shed. The resent .invent. | ol { S -aggg | rogkem ' -
The PDTA Iig%%%£?§§§ nﬁh?idghgggggrggaﬁgFémhxgﬁﬂﬁgsk%ﬁur 1 E?Fg%ﬁd EFOWB
and thus easfél’#n?é.”st?aec%ﬁ e11 A Mormddvantagplusl Wity sehgsteng the
metal atomso that the bond energy of O-Mis |lower than that of OW the
PDTA-M conpbgxd&pnwReyspahieheaus! pbradedefireth iar coPDIesd tongbernduri ng
pol i shing process. For exanple, in the 20 case of PDTA-Fe conplex, the bond
energy of5 0-Feyés OBusBkogl /MH photess hatenst gempyesngthemkdaomhokheand

therefore the Fe atom coordinated to the PDTA |igand can, _be easil%
repl aced wi t heactieromystiedy i @cklidasing Fehecs Lol FHRATIY Phto a

ot wo o B Kol S58y 22, LTS HhEBIRb bl adiaaben of
o P01 LS TR L8" JBGR APk Ao bt ahgtcsel Sessesst orpossbatyi 1Y

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 1ligand 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 PDTg—M
complex can be spontaneously' converted into PDTA-W
complex during polishing process. For example, in the

90 case of PDTA-Fe complex, the bond energy of O-Fe is
93.3kcal/mol 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
'compiex is converted into a PDTA-W complex. Thus, by use

95 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



Whi | e 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 Fe atomso long as it can form coordi ' 5
with the WBPA138nd and binds to oxygen atom nore weakly %h’gﬁozﬁﬁ%}:ten
atom does. Non-limting exanples of such PDTA-netal conplex include
PDTA-Ni and PDTA-Co. Figure 2 schematically illustrates the working
mechani sm of PDTA- Fe conplex during polishing of a tungsten |ayer using a
10 slurry conpositjion o e pre [, 1V [ e; PDI Ay

conpl ex i nproves {”h%f%t%%e F%stc;%'gjiét}g %fné aﬁgFﬁr yzeé?c/)e?rfpaobs%é;i %)ﬁ gfér%{%e
present - i nvgpt iy seohat shie k1 UrAGiReLLOr BRNCEDsGRpEIONt O b
scratch and polishing rate Is reproducible after a 15 |long | apse of tine.
Wiere silicapgpyRedi metddeth:iitie, ShyrhytadMpedin icun abeasubstdsuted t he
di spersability of silica is certain to significantly decrease 'at an
acidic pH regyi med doomusaal loved abspdlt sbamg forocessesdbratlicr bohds

i soel ectric point of silica has the snall est absolute 20 val ue over pH 2-4.
Therefore§ awithntheapbea, ligandoand hinda 60 oH¥ISH PEQMpHOKEcWeakly

progresses spontaneously to form macro-aggregates, resultjng i
precipitati oﬁgaﬁd tyagsten I PRYRSM cgﬂgrii‘%ﬁ%é\‘?‘@ntesxam# 8£aSHF5‘t i on
of abrasive icles.including.sihi O\t h t ong-t en r age
stability ofgg&éTﬂ?E9l 88W8g§ﬁtF%ﬁlgggtﬁéTérgée%%q!gy;%:§%i igggﬁﬁgn?ed. To
a slurry co 1 1] h r N fi ' d he
PDTA- M corrprggﬁ%ﬁéggcg%gn?lgf“%g%e&)tgl&m kg %%éﬁ%ﬁg% sddedrh

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’cbagulation of abrasive particles including silica ‘

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

To a slurry composition of the present invention is

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



0.001-0.5Wt % nore preferably 0.05-0.3wt% If excessive PDIA-M conplex is
ad?gdblrptall;c anurlties increase in a slurry conposition and thus the
reliability of the resulting sem conductor products- wou
deteri or %é&?’“@lﬁn the other hand, if the PDTA-M conpl ex :PgTae% 2Ok the
efficiency of capturing tungsten oxide as well as of stabilizing
di spersability of abrasives declines. Wiere hydrogen peroxide is used as an
oxi dant .as IB the present invention, the oxidizing power of a slurry 10
conposi tion becones | r depending _on, i ent e dggommasiddiqn of
Pydr?gen peQOQQii_'§W%Q82 F@B?géﬁéggyngngshpéggﬁgérvggﬁon,\é?ﬁﬁ% at
east one c I c_aci V] ne e Gal ls i I fr t her
enhance thgﬁﬁggﬁLéﬁ?F@fs?t£$o% %8§rsﬁgﬁéﬁg%§f§? g%§§l§%dqi e 1§k§€g$age
stability ofy AsSLUELY EAROSIEiON Gind henpsesanl renvemildny Nof- i ting
exanpl es of 'such carboxylic acid include acetic acid, citric acid,
glutaric aciybsaltieRy | SemfEbAduéon praatiats lwmile dei detvmtiaraud,
mal eic acid, oxalic acid, phthalic acid, succinic acid, and tartaric 20
aci d, whbl e oml tbe aottebeilrandwsi £ pridieer PREA-Mhecwphesntls ekt H&A i ¢
acid in a slurry conposition of the present invention is preferabl
0.1-10wt % rdve eftkielkensy ob. qaphnydngy EBBERTEN cQXBERy BiSc szgild ARt | ont %

may rather reduce the djspersign stability of .a slurry 25 conposition,

whi Ibe tlh_e dﬁt@dhe@fp@ctd]é%ﬁﬁﬁa%b’eﬁotb\f ac?%e‘#%stlhveasn ﬁ{%%l]u’ﬁ?sg'l ent anmount of

car boxylic acid. I.n the,presenf | I 9R, an .ahrasjw 1 shin

tungsten fil m oxi %ﬁﬁjqxpf) e%ké%%§¥§8%89gou§§d as %n,%ﬁﬁaéﬂﬁ'aéxhd o
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 Hz0. 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, g%utaric acid,iglycolid
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 is preferably 0.1~10wt%, more preferably
0.1~2wt%. Excessive carboxylic acid over 10wt%® may
rathei reduce the dispersion stability of a sldrry

95 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



WO 03/ 015148 PCT/ KRO2/ 01492 descri bed above can be used a powder of netal
oxide such as silica, alumna, ceria and titania, and the silica is npst

preferred because it gives the excellent dispersability al\;ALﬂ. St
possi bi | | WO ®018MB5t ches. 5 Preferably, the netal oxide po éﬁ%r’#&gﬁts to

0.1-10wt % nore preferably 1-7wt% in a slurry conposition of the present
i nvention. If it is over |OM% the dispersion stability of a slurry
conposi tion becones poor and furthernore the scratches and the oxide

erosion may occur, 10 and if it is bhelow O.lw% 't | shi a ‘

appropri at e d?écFHQGG‘s&QP@eﬁaPomdﬁﬁ&Vp? o%%‘%‘{ge% J(;ér{ﬁég{é%e&g%%% e\g/‘g‘é‘ir.1 The

present invention,can be npne _cl V. (ng]gfr 1&(}%’3 W reder£i nPcd oighe

fol I owi ng exafpPadichy sal‘?‘élﬁﬂlélabe%%éluan erst%% {hat att e tferﬁ)l | owi ng e:>L<arrpI es

are not int eﬂg?g ta Lestibgt tBecapere ofitt heghkesent thavenekosllenany :
|

manner. The polishi hg pertormance of the respective slurry conpositions

obt ai ned fro&@%%%s&b&'ﬂi‘t? VWasd edlei nbéest apokelibaddty2®f Pstishehesibdel
No. - 6EC( STRASBAUGH, USA) Pol i shing Condition: - Pad type: |C1400/ SubalV

St acked( Rpdepre§8Aably , Pltdice mesmde dox i7de ppowd€i amownieedto 365 prml 0pEs,
Pressure: 4psi - Back pressure: Qpsi - Tenperature: 25C, -, Sl urrly Hlow
250/ M n 1lmo@e0Ppodfangply 1~7wt% in a slurry composition o e_

present invention. If it is over 10wt%, the dispersion
stability of a slurry composition becomes poor and
furthermore the scratches and the oxlde erosion may occur,
10 and if it is below 0.1lwt%, 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 i.ntended
to restrict the scope of the present invention in any .
manner. The polishing performance of the respective
"slurry compositions obtained "'fr"om each example was
estimated as follows:
20 ® Polisher: Model No. ‘6EC(STRASBAUGH, USA)
® Polishing Condition:
— Pad type: IC1400/SubalV Stacked (Rodel, USA)
-— Platen speed: 75rpm
— Quill speed: 35rpm
25 — Pressure: 4psi
— Back pressure: Opsi
— Temperature: 25°C

— Slurry flow: 250ml/min
11




5 PCT/ KRO2/ 01492 0O Polishing Substrates: As test wafers were used W

bl anket wafers, each of which had been prepared by sequentially depositing
1, O0OA HTOQ | ayer 1, 000A Ti N | ayer and 10, COOA W ayer |

waf er . EXQWH? 1E“sDependence of polishing rate on the addggTﬁgﬁgh%?§o
PDTA-Fe To a flask were added 50g of Aerosil 903 Degussa AG 10 Cernmany),
917.5g of de-ionized water, 10.0g of malic acid, 0.3g of nitric acid, and
20. Og of hydrogen peroxide and then stirred at 2,000rpmfor 2 hours,

foll owed by high-

d
resul ting slurry Vs 1° IlF 18 %Ecrs'ﬁ‘ g li)n rf1ﬁe| Stter” a%}ﬁ;%r%?% d’lgszeocgp@Zg e

4.Cg or 10.0g of PDTA;EQ S‘%%":% NeJ & Oor WR1BhOWaEE ¥ SPraasedr 1y
conposi ti ons. Pollshlng og& the test mafer%(VVbﬁankeF wafers?ﬁmggaconducted

using the respectiveys! Weguen®iBOSt i 68f0E0EIRgNM DPOEGSA UNEED theyer, :
condition as described above. The results are set forth 20 in Table | and
Figure 3. Table 1 S| ar,0pRATAiNe1RgkirshhdglRade0koli sayey Rata polyvsior

P- TECS** O (g863 A/mn48 A/mn 0.02g1,006 A/Amn53 Almn 4.Qg 2,445 A/ m n87
Almn | VIO g2, 718 AWaifer05 A/mn * W tungsten’

Example 1: Dependence of polishing rate on the added
amount of PDTA-Fe

To a flask were added 50g of Rerosil 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 lpm 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 yafers(W blanﬁet wafers) was conducted using the
respective slurry cbmpositions for 2 minutes under the
The results are set forth

condition as described above.

20 in Table 1 and Figure 3.

Table 1 3
Slurry PDTA-Fe Polishing Rate Polishing Rate
for W' for P-TEOS™
I 0.0g 863 A/min 48 A/min
I1 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-TEQOS: poly-tetraorthosilicate

12




** P-TECS: poly-tetraorthosilicate 12 WO 03/015148 PCT/ KR02/ 01492 Exanpl e
2% ELfecL of PDTA-re on the oxide erosion and the corrosion The slurry 11
of the above Example 1, and other slurry conpositions hay

conposi ti RO 5 siurry 111 with the exception that F%‘?%b%o%@ﬁl 03
was, substituted for PDTA-Fe were used, respectively, for polishing
patterned wafers having the line width of 0.2pm under the condition as
descri bed above. The results are set forth in Table 2. 10 Table 2

Sanpl ePDTA- Ee(NO3) 3Kl 0 I shin 6 CO e} lon\EnQs t{eRat e
14. OyO. OyO q}%%ﬁ?ﬁhg’g%e‘;&?r%ﬂ%%}ﬁé&qﬁ%@éﬁtﬁéﬁlﬁfm 3 i
30. g0 Og20. Og2, 718 A/ mi Egggogj:gg / mn Exanpl e 3. Dependence of

reproduci bility of polishing performance on the added anmount of malic

acid 15 A series ofhé! By r§ONPPBI bEORhenasb@¥epRKadplacchy dand tokhere sane.
manner as in the preparation of the slurry Ill of the above Exanple 1 with
t he excepti onsirryacympestilte camourdviofg neheé c samed. cdgpd st inn ofist ddte
waf er s(W bl anket wafers) was conducted using the 20 respective slurry
conmposi ti &ns $trey nilddt eslindehet ggception that Fe(NOs)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- | Fa(NOj); KIO;3 Polishing Oxide Corrosion
Fe Rate for W Erosion Rate
1 4.0g 0.0g 0.0g 2,486 A/min 85 A 10 A/min
2 0.0g 15.0g 0.0g 2,445 A/min 460 A 120 A/min
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 sefies of slurry compositions was brepared
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

13



condition as described above. The results are shown in Figure 4. Exanple
4. Effect of PDTA-Fe on the dispersion stability 13 WO 03/015148

PCT/ KR02/ 01492 of a slurry conposition The slurry 111 of t anpl e
1, and a SYAP¥BSMEs) yrry conposition having the same conposi Ilﬁgﬁj@g he
slurry Il with the exception of |ack of PDTA-Fe were 5 subjected to the

polishing test as described above on day O 30, 60, and 120 after the
preparation thereof. The results are set forth in Table 3 together with

the nean particle size Y& iSdidd Y conpositions, which was
nmeasured by means of ELSS%O%%{%ES&W * f'O Japan). Table 3 Day after
Pol i shi ng Mean Sangpee RATA-RERrepay@idmn Biicvel xaipaket ilG! andl ze ciat@els63
A/ 'm nl85 nm 24. Og02, 445 / m™n185 nm 30 Og30425 /ni n210 nm 44. Og302, 375 |
/min186 nm 5Q1Q0:180388mpBENL48n! iaithdy6Re2, kitke / combdS ifrhonO, £y1 20876
/[ m n447 nm 84. 091202, 418 / m n188 nm 15

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

5 subjected to the polishing test as described above on day

0, 30, 60, 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 measured by means of ELS 8000 (Ostuka 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 4.0g 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

90 varying the amount of hydrogen peroxide or nitric acid.

Polishing of patterned wafers having the line width of
14



Exanpl e 5: Dependence of polishing performance on the added anount of

hydr ogen peroxide and nitric acid A series of slurry conpositions ~ was
prepared. according to the sanme nmanner as in the prepara

slurry || WQPQIFM83hove Exanple 1 with the exception of 2(}J varyi ng the
anount of hydrogen peroxide or nitric acid. Polishing of patterned wafers
having the line width of 14 WO 03/015148 PCT/KR02/01492 0. 2pm was conduct ed
using the respective slurry conpositions for 2 mnutes under the condition.

as describe ove. The resu e fort n bl
\?\%rr{)l El-lydroggn%:ﬁmt ri ¥&fol |°s°rflé“g%:£4ros§ér?90<|%éé Pe}%%p%ec}m F tglggfy
at eEr osi on 86 3 84
cjo 2)%/% 6%;?% (])f%0 005g1 204 /m O Sy L N 80ndd g16054a4

3290.3g637 /mn n5 /' mn47 A 52090. 8g2, 765 A/ m n8

/mnlle A5 ffesd@iRd %lb@:\#% byhei réyeloé sbhe gsesmith nverTalwle 4it has
beconme possible to acconplish the optinum polishing rate in CVP processes

W t hout typical problens Table 4

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 S5 A/min 47 A

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

5

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 modificatioh 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.

15



such as oxi de 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 suitable for long-ter 49'The

si npl e noMA¥UPM8n and change of the present. 15 inven??g @F Be
readily made by persons skilled in the art and it should be understood t hat
all of such nodification and change are enconpassed within the scope of
the present invention. 15 WO 03/015148 PCTI KRO2/01492 Clainms 1. A slurry
conposition for use in chemical neghggpigal polishing of netal,, conprising
a peroxide, an 5 inorganic acid, a PDTA(propyl enedi am netetraacetate)-
metal conplex, a carboxylic acid, a netal oxide powder, and de-ionized

wat er, wherein bond energy bet ween metal . atom and oxygen atonéln th

PDTA- et al conple% |s | dveslunzan CoaPosAtdon for2. Uife tBnpb FTFGﬂ
accordlng to cl wherein, the osjtion co rises 0.5 % of _t he
per oxi de, @W/op&llisﬁ‘éq né’rfgé{g%) ci TR gO %vﬁ%f%¥V\$?\é an

PDTA- net co 1- % of t e.of the
met al oxi g%tf?rém%s e c%np%g@a(g’l%%ﬁégﬁ B%H ?%F%a%e%%ye. n

the per oxi dem'e% QNE: QN 1@{6 éebsfbsﬁyiiemat:aa Q%O%taflor&tﬁdé ngofie By dr ogen
per oxi de, benzoﬁ perc?> e, cal C|un1perOX|de,, bari um per oxi de, and sodi um

per oxi de. 4. aHae wmslzteopmacsﬁr dishgrkancband kbnemysyr dhetwedh tietal
inorganic acid is one or nore selected fromthe group
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 is one or more selected from the group
consisting of -hydrogen peroxide, benzoyl peroxide,
calcium beroxide,'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



consisting of nitric acid, sulfuric acid, hydrochloric acid, and
phosphoric acid. . 5. The conposition according to claim1l, wherein the
PDTA-netal conplex is PDTA-Fe, PDTA-N, or PDTA-Co. 25 6PC¥H&N)BHB sition
accor di ngM3@1814% 1, wherein the carboxylic acid is one or noré sefected
fromthe group consisting of acetic acid, citric acid, glutaric acid,
glycolic acid, formc acid, lactic acid, malic acid, 16 WO 03/015148

PCT/ KR02/ 01492 numl ei c acid, oxalic acid,.phthalic acid, sugccinic acid, and
tartaric a?'ﬂalgicT@%fH”ngﬁafié”h@fﬁOrghEHaEQCCEEEHE13&@3%&%6’aéﬂ@,”Etm
oxide is silica, alumnd, ceria, titahia, or 5 mxtures thereof. 8.’ The
conposition gaggokdirRgrie ghkadm 2, wherein PDTA-netal conpl ex content of
the conposition is 0.05-0.3wt% 17

7. The composition according to claim 1, wherein
the metal oxide is silica, alumina, ceria, titania, or

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

0.05~0.3wt%.
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