2 7 JUL 2005 -1 Composition for the chem cal -nechani cal polishing of netal
and netal /- dielectric structures with high selectivity The present
invention relates to a conposition for the chemnical -mechani cal pol3 #hiUnggoss
(CWP) “of nmetal and netal/dielectric structures, to a process for its
production and to its use. Integrated sem conductor circuits (1Cs) conprise
structured sem conducting, non- conductive and electrically conductive thin
films. These structured filnms are usually = 10 produced by a filmmateri al
bei ng applied by vapour deposition, for exanple, and structured by neans of
a mcrolithographic process. The conbination of the various sem conducting,
nonconduct i ve Gordpesitichucforv ¢hd ahemicmbrinechasisalp podiskhing tofemetil eand ometal/-
circuit elenments of the |C sych as for exanple transistors, capacitors,
resi stors and strugt U9 | C and its function is crucially
dependent on the accuracy with which the various |layer materials can be
applied and structured. However, as the nunber of |ayers increases, the
planarity of thig jraydf hveedreRRes to AQompositicle falthy chdieysindechagenl pylishing nber
of layers, this leads to one or nore functional elenents of the IC failing
and t her &f or e ((@Phef metel and mesal/dielectig. striplarasetpu piosessi far itherodhetigrgndyto of
the layers results fromthe build-up of new |l ayers when these |ayers have
to be applied sousleayers whi ch have al ready been structured. 25 The
structuring gives rise to differences in height which nmay amount to up to
0.6 mper layer. These differences in height are cunulative fromlayer to

| ayer and neanintdgeed sémicorductdragienuits JICx) dommygise sipphired semicangicingr non-

surface, but rather.to a non-planar surface, A fjrst consequence is that
the | ayer whi Ccppnggc%\(e@gcﬁﬁw&}lyéﬁqu%e ﬁlgg ﬁalms. IFiiese structure‘dq 1lms are usuaﬁly
10 - produced by a film material being applied by vapour deposition, for example, and

structured by means of a microlithographic process. The combination of the various
semiconducting, nonconductive and conductive layer materials produces the
electronic circuit elements of the IC, such as for example transistors, capacitors,
resistors and wiring. |

15
The quality of an IC and its function is crucially dependent on the accuracy with

which the various layer materials can be applied and structured.

However, as the number of layers increases, the planarity of the layers decreases
20 considerably. Beyond a certain number of layers, this leads to one or more functional

elements of the IC failing and therefore to the entire IC failing.

The reduction in the planarity of the layers results from the build-up of new layers
when these layers have to be applied to layers which have already been structured.
25 The structuring gives rise to differences in height which may amount to up to 0.6 pm
per layer. These differences in height are cumulative from layer to layer and mean
that the next layer is no longer applied to a planar surface, but rather to a non-planar
surface. A first Consequence is that the layer which is subsequently applied has a
non-uniform thickness. In extreme cases, flaws and defects are formed in the
30 electronic functional elements and the contacts lack quality. Moreover, uneven

surfaces lead to problems with the structuring. To make it possible to produce



non-uni formthi ckness. In extreme cases, flaws and defects are fornmed in the
30 electronic functional elenents and the contacts |ack quality. Moreover,
unevenr surfaces lead to problems with the structuring. To make i} 7pAggil e
to produce 27 JUL2005 -2 sufficiently small structures, an extrenely high

i mgi ng accuracy (DOF, depth of focus) is required in the mcrolithographic
process step. However, these structures <can only be sharply focused in one
pl ane; the greater certain |ocations deviate from this plane, the nore
blurred the imagi ng becomes. 5 To solve this problem the process known as
chem cal - mechagjssaikbntPbinshishdcth Py ckBeh@y Higd iR4bing Ruraby 'gbb? lagptél sbal

pl anari zation of the 'structured surface by” renoving el evated parts of the

| ayer until a fucasjais reqyed inshe tiatoh&wgraphicaproessslstep. tHmevever xheseasprmctucan be
built up on a planar _surface w thaut height differences, and the 10

preci sion of RS sgeraRaforheddBions Piangt therEcaprerERis logptiang cleyiets fom
function are Lhe k : i ut wwth the aid of special

pol i shi ng mchfhgge@?&pgﬁ@%%u%%g@eH%%%g%%‘%ﬁ%s e|g)'ng abr asi ves (polishing
slurries)s A polishing slurry is a conposition 15 which, in conbination
with the polishing pad on the polishing machine, is responsible for

removi ng t he nhpeplvalthigipirdfenstheprogesplondvenatichemipalfraechiasical padishwigd@Mi)sc - of

echnol ogy 1 B GEHEC RO Ut i 40 Hanarpton 5746 SEEReRsr &

Chent ech (1998)enRRinB8evatéBpark@bf the WyRF Ll MpIBRAr 19MrNY 0BlaGRA. AS aWBHA the
sem conductor | ayers are involved, the denmands inposed on the accuracy of

t he. polishi ng s¢epapmdahbermfibng om atpjienar 26rfpal withowtghaiphir diffe@nees, and the
parti cul %I y hi
P

h, . : 1 .
Igecmon of structuring and the ability of the elements of the IC to function are

retained.

A CMP step is carried out with the aid of special polishing machines, polishing pads
and polishing abrasives (polishing slurries). A polishing slurry is a composition
15 which, in combination with the polishing pad on the polishing machine, is

responsible for removing the material which is to be polished.
A wafer is a polished disc of silicon on which integrated circuits are built up.

20 An overview of CMP technology is given, for example, in B.L. Mueller, J.S.
Steckenrider Chemtech (1998) pp. 38 —46.

Particularly in polishing steps in which semicbnduqtor layers are involved, the
demands imposed on the accuracy of the polishing step and therefore on the

25 polishing slurry are particularly high.

A range of parameters which are used to characterize the effect of the polishing slurry
are used as an assessment scale for the effectiveness of polishing slurries. These
parameters include the abrasion rate, i.e. the rate at which the material which is to.be
30 polished is femoved, the selectivity, i.e. the ratio of the polishing rates of material

which is to be polished with respect to further materials which are present, and also



A range of paraneters which are used to characterize the effect of the
polishing slurry are used as an assessment scale for the effectlvbmeﬁﬁ 1000

polishing slurries. These paraneters include the abrasion rate, i.e. the
rate at which the material which is to be 30 polished is renpved, the
selectivity, i.e. the ratio of the polishing rates of materi al whichisto

be polished with respect to further materikt s which are present, and also 2
7 JUL 2005 -3 variables relating to the uniformty of planarization.
Vari abl es used for the uniformty of the planarization are usually the

wi thin wafer nanables fditiigtty tHOMWhitfBEplah@izavieh eV arlablesaised foraRe wifdraity ty
(WIWNU), and al so the nunber of defects unit area. 5 Wiat is known as
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MGawH I, 2000, pp. 401 - 403 and 302 - 309 and Copper CIVP: A Question
of Tradeoffs", Peter 10 Singer, Sem conductor International, Verlag Canners,
May 2000,5 pp. 73 - 84). In this case, it is necessary for a Cu Iayer to
undergo chem cal - nechani cal polishing wwth a polishing- -slurry

so-cal | ed Cu- ChRapisdeewa)as the, Cyrdamiaseene Proressas INHEIRBN HERE LT ity prsgucﬁon

produced. The et
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t he Cu- CMP proGegls tb $eixﬁcoa1dtlmr PrRRsPMLC P6t8r VianZant, " e Mace:raquﬂlf, 2060, y
pol i shed using afol ishing slurry which ensures that a I arge amount of Cu

i s removed. Them,40d séeband goR ishithand/ G@HWT iCMEis AdQuéstionrafefradestist.otiitte t he
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sl urry wWth a fHsgft %eﬁe%%hl\y' fo¥ a Cu Byer! 88indergo chemical-mechanical polishing with a
| polishing slurry (the so-called Cu-CMP process), in order for the Cu interconnects to
be produced. The finished Cu interconnects are embedded in a dielectric. Between
Cu and the dielectric there is a barrier layer. The prior art for the Cu-CMP prdcess is
15 a two-step process, i.e. the Cu layer is firstly polished using a polishing slurry which
ensures that a large amount of Cu is removed. Then, a second polishing slurry is used
in order to produce the final planar surface with the smooth and brightly polished

dielectric and the embedded interconnects.

20 The first polishing step uses a polishing slurry with a high selectivity, i.e. the
abrasion rate for Cu is as high as possible and the abrasion rate for the material of the
barrier layer below it is as low as possible. The polishing process is stopped
automatically as soon as the barrier layer is uncovered below the Cu. Since the
complete removal of Cu residues on the barrier layer takes some time (known as

25 "over-polishing"), during this time, at the locations where the embedded Cu
interconnects are situated in the dielectric, the Cu of the interconnect continues to be
abraded at a considerable rate. This effect is known as dishing. Therefore, depending
on the concept and/or quality of the surface obtained in the first polishing step, a
polishing slurry which is selective or non-selective with respect to the materials

30 which are to be polished, namely Cu, barrier layer and dielectric, is used for the

second polishing step.
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whi ch i s highl ective wth respect to the barrier [fayer r the second
step, in brdermﬁﬁnmm¢ﬁﬂmhaimﬁﬁualforniy poli shed surface. On the other hand,
if the first polishing step produces a surface which still contains Cu on

the barrier layer, it is recommended to use a polishing slurry which is non-
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polishing process. In this concept, part of the dielectric layer has to be sacrificed,
which represents a drawback on account of the need to deposit relatively thick
dielectric and Cu layers. When the non-selective polishing slurry is being used, it is

15 essential for the polishing slurry to have the same planarization efficiency for all
three materials which are to be polished. Moreover, the Cu interconnects produced
must have a minimum thickness, i.e. there should not be too much material removed
from the dielectric layer and the Cu interconnects, which must be monitored during
the polishing process.

20 '
When a selective polishing slurry is used for the second step, the removal rate for the
barrier layer is higher than for the Cu. In this concept, the targeted removal of the
barrier layer reduces the phénomenon known as dishing of the Cu interconnects. The
loss of dielectric (erosion) and therefore, as a corollary, of the Cu interconnect layer

25 thickness is therefore lower.

Polishing slurries with selective removal rates are already known from the prior art.
For example, WO-A-99/64527, Example 3, discloses a polishing slurry based on
silica sol containing 2% of H,O, and having a pH of 10.5, which has a
30 Cu:Ta:dielectric (in this case Si0,, also referred to as oxide) selectivity of 1:1.6:4.

However, this known polishing slurry leads to very considerable amounts of the



three materials which are to be polished. Mreover, the Cu interconnects
produced nust have a m nimumthickness, i.e. there should not be %qolpqﬁﬁ
matertal removed fromthe dielectric |ayer and the Cu interconnects, which
nmust be nonitored during the polishing process. 20 Wien a sel ective
polishing slurry is used for the second step, the renoval rate for the
barrier layer is higher than for the Cu. Th this concept, the targeted
renoval of the barrier |ayer reduces the phenonenon known as dishing of the
Cu interconnects. The 1loss of dielectric (erosion) and therefore, as a
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Polishing slurries with selective renoval rates are already, known frqomthe
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to very considerable amounts of the 2 7 JUL 2005 -5 oxide being renoved as
soon as the baplri’ér-84ayer has been polished away, and therefore to an
uneven wafer surface. The phenonenon known as "oxide erosion"” is even
intensified. The term "oxide erosion” is explained in "Copper CVP:. A

Question of Tyaslaahd/els67Pek&hpei NVRY. 3 hae ms%@@hlsb@nsﬂiﬂgf SuAHANAminveh! ag
Canners, May 2000, 5 pp. 73 - 84. WO A-00/ 00567, Exanple 3, No. 3 has
di scl osed a podidhiangbsisiver Yhisi tebultsl und fwiha:onde deleatvighrasi of 1:4ThEswitbsul t s

in a Cu:Ta:oxide selectivity ratig of . 1:4.5:2, wth ich jt _I.s pgssible to
avoi d the oxi dBNERASH BRI %/V@@F %ﬁ%%w;@wﬁfrsa%%ﬁ# ﬁaﬂwg)@}%my i's
the | ow [@MOVal,fatie fdlov BEnBA The" fof AUE HaGRIMAJe | BthpFRing| T3P YbMfrin,

which slows the production process, and the high hardness of the aluminium oxide,

which leads to increased amounts of scratches on the wafer surface.

EP-A 1069 168 describes, for example for Cu:TaN:SiO;, selectivities of
15 1:1.04:0.042. In this case, the amount of SiO, removed is too low, leading to dishing
at the Cu. Moreover, an agent which makes the removal more intensive is also

required.

Furthermore, it is known to add certain additives to the polishing slurry in order to
20 increase the rates at which the metals are removed and/or to adjust the selectivity of

the poiishing slurry. Oxidizing agents, carboxylic acids and complex-forming agents

are known for this purpose. It is known from W0O-A-99/64527 and WO-A-99/67056

that silica sols in a basic medium effect high oxide-removal rates, which is the state

of the art for pure oxide polishing. WO-A-99/64527 adds polyvinylpyrrolidones
25 (PVPs) to the polishing slurry in order to reduce the oxide-removal rate.

The polishing slurries described above all have the drawback that the selectivities, in
particular the Cu:oxide selectivity, have to be adjusted by the addition of, for
example, film-forming agents or organic compounds, and the Cu:oxide selectivity,

30 which is predetermined by the abrasive and pH, is unsuitable.
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t he obj ect wasofseidiphgpgents.di ng a polishing slurry which is inproved 5
conpared to the prior art and has a satisfactory renoval rate for the
barrier layer and a barrier layer:nmetal selectivity of at least 2:1 or
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whi ch can prefer e use out the additi oxid ng agents.
which contains a cationically stabilized silica sol with a mean partlcle diameter of

<300 nm as abrasive.

Therefore, the subject matter of the invention is a composition containing 7 to 100%

15 by volume of a cationically stabilized silica sol which contains 30% by weight of
Si0O; and the SiO; particles of which have a mean particle size of less than 300 nm,
with a pH of from 4 to 10, and less than 0.05% by weight of oxidizing agent.

In this context, the term mean particle size is to be understood as meaning the

20 particle size diameter at dsp, as determined using an ultracentrifuge.

To measure the particle sizes in the nanometer range, in addition to electron
microscope images, various further methods are also suitable, such as for example
laser correlation spectroscopy, ultrasound measurements or measurements -using an
25 ultracentrifuge (H.G. Miiller, Colloid & Polymer Science 267 (1989) p. 1113). The
ultracentrifuge is particularly suitable for forming particle size distributions, on

account of its sharpness of separation.

The pH of the composition according to the invention lies in the range from 4 to 10.
30 The range from 5 to 9 is preferred, and the range from 6 to 8 is very particularly
preferred. The given pH values are determined at 25°C. The pH of the composition is



10 Surprisingly, it has now been found that this object is achieved by a
conposition which contains a cationically stabilized silica sol with a nean
particle diameter of <300 nmas abrasive. Therefore, the subject g?tm%ggf
the invention is a conposition containing 7 to 100% 15 by vol une a
cationically stabilized silica sol which ntai ns 30% by wei ght of Si02 and
the Si2 particles of which have a nean particle size of |ess than 300 am
with a pHof from4 to 10, and | ess than 0.05% by wei ght of oxidizing agent.
In this context, the termnean particle size is to be understood as neani ng
the 20 parti ghefembiesetbauidieg adtasel mothe asmpesidomi Tiedquasitingofamse depends on
ultracentrifuge. To nmeasure the particle sizes in the nanoneter range, in
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JUL?N5 -7 preferably set by adding a base to the conposition. The quantity
of base depends on the desired pH Exanples of suitable bases are KOCH,
NHAOH, TMAH, guapi di ne, uani di ne carbopate, K2 or. sinm. | ar bases which
do not cont ai %ﬂéﬁﬁ?%xtpﬁ cUpgEsept lnvwioasﬁaeéﬁ#l%w%ﬁa@%o BPeRmld. The
base is pyeferably added in the formof an 5 aqueous solution.
particularly preferred to add an aqueous sol ution of potassium hydroxide.
The conposi ti ohhaeanmiltdgntempdrees, by el iofexaaple) the leRientpWe fAdr @b) Si, Ru, Pt

and Ir and/or alloys and carbides thereof.

The term dielectric encompasses, by way of example, organic and inorganic
15 dielectrics. Examples of organic dielectrics are SiILK™ (Dow Chemical Company),
polyimides, fluorinated polyimides, diamond-like carbons, polyarylethers, polyar-
ylenes, parylene N, cyclotenes, polynorbornenes and Teflon. Inorganic dielectrics are
based, for example, on SiO, glass as the principal constituent. Carbon, fluorine,
phosphorus and/or boron compounds may be present as additional constituents.
20 Conventional designations for these dielectrics are, for example, FSG, PSG, BSG or
BPSG, where SG represents spin-on glass. Various fabrication methods are known
for the fabrication of these layers (cf. for example Peter Van Zant, 4™ ed., McGraw-
Hill, 2000, pp. 363 - 376 and pp. 389 - 391). Moreover, silsesquioxanes (HSQ, MSQ)
are known as dielectrics which are highly polymerized and are close to the inorganic

25 state.

The term barrier layer encompasses layers of Ta, TaSi, TaN, TaSiN, Ti, TiN, WN,
WSIN, SiC, silicon oxynitride, silicon oxycarbide, silicon oxycarbonitride SizNg4
and/or silicon oxide, for example.

30



contains 0.001 to 30 g/1 of potassium hydroxide (100% strength). Ip_the
context of the present invention, the follow ng definitions of ter Hbﬁﬂ&:
10 The term netal enconpasses, by way of exanple, the elenents W A, Cu,
Si, Ru, Pt and Ir and/or alloys and carbides thereof. The termdielectric
enconpasses, by way of exanple, organic and inorganic 15 dielectrics.
Exanpl es of organic dielectrics are SiLKT“&(DOW Chem cal Conpany),

pol yi mi des, fluorinated polyimnm des, dianond-Iike carbons, polyarylethers,
pol yar- ylenes, parylene N, cycl otenes, polynorbornenes and Tefl on.
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fabrication of \hgs& chayars A wf gt g?é‘f‘@rrlgfgeus@&tf@{ th¥ahiaiibn oFlitkeREnnects
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silicon oxide, for exanple. 30 2 7 JUL 2005 s The use of Ta and TaN as
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i nterconnect s cationically stabilized. The cations are preferably H and/or K* ions. The primary

10 particles of the silica sol are not aggregated. The mean particle size of the SiO,

particles in the silica sol which is to be used according to the invention is less than

300 nm. The mean particle size is preferably from 20 to 100 nm, particularly

preferably from 30 to 80 nm. The composition according to the invention contains 7

to 100% by volume, preferably 10 to 80% by volume and particularly preferably 17

15 to 70% by volume of a silica sol which contains 30% by weight of SiO,,

corresponding to an absolute value of 2 to 30% by weight of SiO;, preferably 3 to

24% by weight of SiO,, particularly preferably 5 to 21% by weight of SiO,, based on

the composition.

20 An H'-stabilized silica sol has a typical pH of 1.5 to 2.5. At higher pHs, H' is
replaced by K”, the transition being gradual. A silica sol with a pH of 7 or above is
regarded as K*-stabilized. The silica sols which are stabilized by H" and/or K ions
are known or can be produced in a manner which is known per se (cf. for example
K.K. Iler "The Chemistry of Silica", Wiley & Sons, New York, 1979, pp. 355-360).

25
Further customary additives, such as for example anticorrosioh agents for the metals,
may be added to the composition according to the invention. Examples of suitable
anticorrosion agents are benzotriazole, 6-tolyltriazole and phosphates in amounts
from 0.0001 to 10% by weight.

30



5 for integrated circuits. Si2 and nodified SiQ2 gl asses are preferably
used as dielectrics. Silica sol in the context of the invention is 3 @ﬂén
whose' colloidal SiQ2 particles are cationically stabilized. The th' %re
preferably H+ and/or K+ ions. The primary 10 particles of the silica sol
are not aggregated. The nean particle size of the SiQ2 particles in the
silica sol which is to be used according t% the invention is less than 300
m. The mean particle size is preferably from20 to 100 rim particularly
preferably from30 to 80 nmm. The conposition according to the invention

contains 7 tM&l@@%rbﬁomglebdfmeﬂgEbf talFby theOmbas3 Ahisly nyQeUhe nadisls water-
particul arly preferably 7 15 to 70% by volune of a silica sol which

cont ai ns 30% Isplubts, gheh o Qi emmple sitriespidneti eigrates, BRTAL ST At ED§ andeangifio 2 t o

30% by wei ght of, SiQ2, preferably 3 to 24% wei ght of Si 2 rticularly
ref er abiy 5 i Fopeiy Fife i B eepeston Feattin s hidvedinoh o St

Ht-stabi | i zed $¢d1 oa 08Py ReFh@ typical pHof 1.5 to 2.5. At higher pHs, Wis
repl aced by K+, the transition being gradual. A silica sol with a pH of 7 or
above is5regarded as K+-stabilized. The silica sols which are stabilized by

H+ and/or K+ ions are known or can be produced jn a manner which i.s known
per se (cf. foFheesoappnsEonkacgording torthy dnysniipn sprigingsless; thag 9:05%py sveight Rins,
New Yor k, 1979, :pp: - t [ LoV asyf or
exanpl e anticd??@§F§%%§6§§@%3?%%§Sﬁg%&ggéﬂggﬁ5ﬁ§§hﬁgﬁg dg%%§§a§i§ﬁﬂb Y
conposi tion acedeahs @t MOt eyl wsight dfeRidiEKgapdes Tok coHipbaibib accdndihg @ tHesi on
agents are benzotriazole, 6-tolyltriazole and phosphates in amounts from
0.0001 to 10% ipyentiongit pagwulzrly) prefgayy free of oxidizing agents. All conventional
10 oxidizing agents can be considered as oxidizing agents, in particular HNO3, AgNOs,
CuClO4, H,S04, H,0,, HOCI, KMnO4, ammonium persulphate, ammonium oxalate,
Na,CrO,, UHP, iron perchlorate, iron chloride, iron citrate and iron nitrate, HIOs,

KIO; and HCIOs.

15 Furthermore, the invention relates to a process for producing the composition
according to the invention, characterized in that a 30 or 40% by weight cationically
stabilized silica sol is diluted by the addition of water to a solids content of 7 to
100% by volume, and then a pH of from 4 to 10 is set by addition of a sufficient
quantity of base with stirring.

20
If a silica sol which is stabilized with H" ions is used to produce the composition
according to the invention, it can be converted into a K'-stabilized silica sol by
adding KOH. After KOH has been added, the silica sol is to be stirred until an
equilibrium has been established between the cations at the silica sol surface. The

25 KOH is expediently in dissolved form.

The pH of the composition according to the invention is preferably adjusted by
adding potassium hydroxide to the silica sol. After potassium hydroxide has been
added, the silica sol is stirred until the pH has stabilized. A silica sol with a pH of 1.5
30 to 2.5 is preferably used to produce compositions with a pH of < 6. A silica sol with a

pH of 7 or above is preferably used to produce compositions with a pH of > 6.



Mor eover, conplex-form ng agents for the netals, which nake the netals
wat er - sol ubl e, such as for exanple citric acid or citrates, EDTA, NTA, |IDS
and amno acids nmay be added to the conposition according to the grivgutjiipn
in amounts of from 0.001 to 10% by weight. 5 The conposition according to
the invention contains | ess than 0.05% by wei ght of oxidizing agents. The
conposition according to the invention parhicularly preferably contains O
to 0.01 % by weight of oxidizing agents. "The conposition according to the
invention is particularly preferably free of oxidizing agents. Al
conventional 10 oxidizing agents can be considered as oxidizing agents, in
particul ar HNOG3, AgNO3, CuCld4, H2SO4, H202, HOCI, KMhO4, anmmoni um

persul phat e, a ni um oxal ate, .. Na2Cr4, UHP, iron rchl orate,
ohl or i de. i1 onl 5 GPBROSIRAR 2SO5in i M Bverdopisen bR aﬁaomﬂ%sl%?or the

Furthernore, the.| 'mgiy ﬁ{&h%pca[]goﬁgfﬁﬁ Le n?etzﬁr exﬁéta /@l RERINEIATeL. Nhis novel

conposition accor I nventi on, arac erized in that a 30 or 40%
by wei ght cat i&llﬂ@wlse f@itnaglthe Isﬂ'&jdctsinlaiteraoﬁﬂie presetit | iuveadiohy I I‘pertadlir,t then of
water to a solids content of 7 to 100% by volune, and then a of from4
to 10 is et tﬁ;@rrmaituonoaﬁzcgrfdlrg sufthg em@ﬁtlon éfaxarheu t1§ﬁdoﬁ5 tpalehing tsﬁlrgt farrtheg. 20
If a silica Stl Wna{ch f stabcl) d|z,[ed vm L td ons tISaU edltrg rthr%:c%amczﬁ
conposition 8%%?&Pﬁg o  THEIWNG&RY i ¢ ,g?g cah'hé & vg}% ? hto
KK-stabilized gkfehzga sol by adding KOH After KOH has been added, the
silica sol is to be stirred until an equilibrium has been established
between the cations at the silica sol surface. The 25 KOH is expediently in

di ssol ved for The pH..of the c ition accor he | entlon %s
ot or ably. a0 b ctsien arCea SRR IBe iy PicPHE Svs T bReh 2 epTSHERE YRRy Sk ¢ or

pot assi upg hydr @i denhiad-h&Smnical polishing of metal and metal/dielectric structures, in

particular of integrated circuits and microelectromechanical systems with structures

made from metal and dielectrics which are built up on Si wafers.

The metals are preferably W, Al, Cu, Si, Ru, Pt and Ir and/or alloys and carbides
15 thereof.

The dielectrics are preferably SILK™, polyimides, fluorinated polyimides, diamond-
like carbons, polyarylethers, polyarylenes, parylene N, cyclotenes, polynorbonenes,

Teflon, silsesquioxanes or SiO; glass or mixtures thereof.

20
The metal/dielectric structures are preferably structures comprising Cw/SiO,.
The barrier layer is preferably Ta or TaN.
25 The compositions according to the invention are distinguished by a barrier layer

removal rate, in particular a TaN removal rate, of > 40 nm per min and a barrier
layer:metal selectivity of at least 2:1 or above and a barrier layer:dielectric selectivity

of at least 2:1 or above.



added, the silica sol is stirred until the pH has stabilized. A sizhca sol
with a pHof 1.5 30 to 2.5 is preferably used to produce conpositi®&ns/bhilllh a
pH of "< 6. A silica sol wwith a pHof 7 or above is preferably used to
produce conpositions with a pH of> 6. 27 JUL2005 -10 The conpositions
according to the invention can be used as qollshlng slurry for the

chem cal - nechani cal polishing of netal d‘netal/dlelectrlc structures. This
novel use |ikew se forms the subject natter of the present invention. In
particular, the 5 conposition according to the invention can be used as
pol i shi ng sl urEyaiptest he fabrication of semi conductors, integrated circuits
and m croel ectronechani cal systens. The conposition according to the
invention is preferably used as polishing slurry for 10 the

chem cal - mecha - iShi ahsh i I in
particul ar of ?Pﬁfg(g}sgﬁgﬁ @{lﬂjrﬁgtefig% s‘?%getn%hm cr cgcrlarll§1 tél%tté%}\rr%(k:ﬁfogldrgg g%lgtp%ﬂrégﬁﬁdt h
structures nable Sfteagm”ﬂhetlajhshmg plarednetetsr mceshytbdl dh Babde [2Ui200 roup oafeSi withf er s.
The netals are preferably Cu, and_Ir and/or alloys and
carbi des 515 t fRAtiass of P@étﬁl@w%ﬁ @Ob‘%}@fieff%l@}-‘ SYEKTIAS BIBAYRCH W,
fluorinated pol e enes,
paryl ene N Gyt ?ﬂﬁé@see& %”?#‘ﬂ&g b A S RO R O YD

gl ass or m xtures dob@@%s dé’;%sﬁ&ﬁbyre% letifly @ ®rimi TaNs layectdifies PR (liyefcel abl y
structures conprising Cu/Si Q2. arrier layer is preferably Ta or TaN.

25 The conposi ¥arews derasiion nrpcess, wele itk SikL2i Wi Hpéu@dgwhngm\@?n@dbcsgs uping

b | |
por mn and a BACRT G el Y o Bl eF WefY oRer et B @i fie Bhisadel ang
a barriengl ayefiedhRr€6dblcGnd QRELSd1Mshing.

Table 2

Polisher: MECAPOL 460
Working wheel (polishing |45 rpm

pad) rotational speed

Polishing head (wafer) 30 rpm

rotational speed

Applied pressure 0.48 bar (7.0 psi)
Slurry flow rate 180 ml/min
Polishing pad Freudenberg FX9 on
NPST 46 H
Back-surface pressure 0 bar
15 General procedure for production of the polishing slurries:

Polishing slurries with the solid contents and pH values indicated were produced
from the silica sols indicated in the Examples by dilution with deionized water and
addition of aqueous KOH (or of dilute sulphuric acid in the Comparative Examples).

20 The wafers were polished immediately after the polishing slurries had been produced.



of at least 2:1 or above. 27 JUL2005 -11 Exanples The polishing
experinments were carried out using the Mecapol 460 polisher produgfgjafy 5
Steag: The polishing paraneters are listed in Table 2. 200 mm waf - W 5
coatings of Cu, TaN and Si Q2 were polished. The Cu | ayer was produced using
150 nm Cu seeds by sputtering and subsequi?t el ectropl ating of 1000 nm of

Cu. The TaN coating was deposited by sputtéring a 90 nm TaN | ayer using a
PVD (physical vapour deposition) process, while the SiQ2 was produced with
a PVD process using TEOS. Cu and TaN renoval rates were determ ned by
measuring the resistance of 10 the layers before and after polishing. Table
2 Polisher: MECAPOL 460 Working wheel (polishing 45 rpm pad) rotational
speed PoIishiﬁ@QHH&ﬂl(mafer) 30 rpm rotational speed Applied pressure 0.48
bar (7.0 psi) Slurry flowrate 180 m/mn Polishing pad Freudenberg FX9 on
NPST 46 H Back-surface pressure 0 bar 15 General procedure for production
of the polishijpghis|sufiéd 86tesBOhbISRinRIsiGiries W8 prdduled HRns al sikcacat(@ptasiiand pH
val ues indicated were produced fromthe silica cols indicated in the

Exanpl es Sby diS0GK/3000x¥ 1, hBaer k(i wathwatnegan gpagticle diameter of 80 nm and a solids

content of 5% by weight of S10,. The pH was adjusted by adding aqueous KOH.

Table3
Concentration of Si0,
pH Removal rate nm/min Selectivities
[% by weight]
Cu TaN SiO; | Cu | TaN | Si0,
5 6 8 40 9 1 5 1.1
5 8 9 40 1 1 4.4 | 0.025
5 10 8 60 10 1 7.5 0.17
10
Example 2
In this series of tests, polishing slurries were produced from a silica sol (Levasil®
100 K/30%-V1, Bayer AG) with a mean particle diameter of 30 nm and a solids
15 concentration of 10% by weight of Si0,. Then, aqueous KOH solutions were used to

set different pHs of from 5 — 8, and stirring continued for one hour. The wafers were
polished immediately after production of the polishing slurries. The removal rates

and selectivities are listed in Table 4.



addi ti on of aqueous KOH (or of dilute sul phuric acid in the Conparative
Exanpl es). 20 The wafers were polished i mediately after the poli sthgJUL 2005
slurries had been produced. 2 7 JUL. 2005 12 Exanple 1 In this series of
tests, polishing slurries were produced froma silica sol (Levasil(r) 5
50CK/ 30% V 1, Bayer AG with a nean partiNiée di aneter of 80 nmand a solids
content of 5% by weight of SiQ2. The pH was adj usted by addi ng agueous KOH.
Tabl e 3 Concentration of SiQ2 pH Renoval rate nmimn Selectivities [% by
weight] Cu TaN SiIQ2 Cu TaN SS2 56 840 9151.1 589401 14.40.025
5 10 8 60 10 Irahl®40.17 10 Exanple 2 In this series of tests, polishing
slurries were produced froma silica sol (Levasil(r) 100 K/ 30% VI, Bayer
AG with a mean particle dianmeter of 30 nmand a solids 15 concentration of
10% by wei ght @i - SFC2 e, agueo KOE sglutions re Useq Set

di fferent pHs gf)h@'rl%%ﬁlg =18, and sg?rpwégtgéﬁ}/mnrﬁed for ongaﬁ}étﬁlrl. The wafers
were polished o gpeigkery after production of the pplishing slurfries. The
renoval rates| and selectivpii es @ue |isTad in Tabhl el 4.C2 7| JUN 20320, 13

Si0,
10 5 5 80 4 1 16 0.8
10 8 5 70 3 1 14 0.6

5 Example 3

In this series of tests, polishing slurries were produced from a silica sol (Levasil®
100CK/30%-V1, Bayer AG) with a mean particle diameter of 30 nm and a solids
content of 20% by weight of S10,. Then, aqueous KOH solutions were used to set
10 various pHs of from 5 — 8, and stirring continued for one hour. The wafers were
polished immediately after the polishing slurries had been produced. The removal

rates and selectivities are listed in Table 4.

Table 4
15

Polishing slurry Removal rate/A/min Selectivity

% by weight of .
_ pH Cu TaN Si0, Cu TaN | SiO;

SlOz

20 5 17 120 33 1 7 1.9
20 8 5 75 40 1 15 8




Table 4 Polishing slurry Renoval rate/nmmin Selectivity % by weight of pH
Cu TaN Si02 Cu TaN Si02 Si02 1055804 116 0.8 10 8 5 70 3 ]27“3%)92@5 5
Exanpie 3 In this series of tests, polishing slurries were produced from a
silica sol (Levasil(r) 1000K/ 30% VI, Bayer AG wth a nean particle

di anmeter of 30 nmand a solids content of 20% by wei ght of Si02. Then,
aqueous KOCH solutions were used to set 10 Wari ous pHs of from5 - 8, and
stirring continued for one hour. The wafers were polished inmediately after
the polishing slurries had been produced. The renpval rates and

sel ectivities @omphifiivediamplahl e 4. Table 4 15 Polishing slurry Renoval
rate/ Amn Selectivity %by weight of pH Cu TaN Si02 Cu TaN Si02 Si02 20 5
17 120 33 1 7 1.9 208 5 75 40 1 15 8 2 7 JUL 2005 -14 Conparative Exanple

A, giQS testy, @iPRll APdinib thiny Was pRIRLES 883l EhimbR PRI,

solids concentration was 5% by weight.

5
The pH was set to 2.2 using dilute H,SO4. The wafers were polished immediately
after the polishing slurry had been produced. The removal rates and selectivities are
listed in Table 5.
10 Table 5
Removal rate/nm/min Selectivity
Cu TaN Si0; Cu TaN S10,
12 60 60 1 5 5
The Comparative Example shows that at low pHs, the required selectivities are not
achieved, the amount of TaN and S10, being removed being identical.
15
Comparative Example 2
In this test, a polishing slurry was produced analogously to Example 2 with 10% by
weight of S10,. Then, dilute H,SO,4 was added in order to obtain a pH of 2. Stirring
20 then continued for one hour. The wafers were polished immediately after the

polishing slurry had been produced. The removal rates and selectivities are listed in

Table 6.



solids concentration was 5% by weight. 5 The pH was set to 2.2 using dilute
H2SO4. The wafers were polished inrediately after the polishing slurry had
been produced. The renoval rates and selectivities are listed in Tab |5‘3UL5¥00é
10 Table 5 Renoval rate/nmmn Selectivity Cu TaN SiQ2 Cu TaN SiQ2 12 60 60
1 55 The Conparative Exanple shows that at | ow pHs, the required
selectivities are not achieved, the am)uT% of TaN and Si Q2 bei ng renoved
bei ng identical. 15 Conparative Exanple 2°fn this test, a polishing slurry
was produced anal ogously to Exanple 2 with 10% by wei ght of Si Q2. Then,
dilute H2SO4 was added in order to obtain a pH of 2. Stirring 20 then

conti nued for Jabde our. The wafers were polished i mediately after the
polishing slurry had been produced. The renoval rates and selectivities are
listed in Table 6. 2 7 AL 2005 -15 Table 6 Rermval rate/,/m’n Sel ectivity
Cu TaN Si 02 Cop—TaN ﬁﬁfovaljﬂt O T 73Tt can § fromthe
Conpar ati ve Exanpl e the po shi ng slurry at a F Hof 5 2\|does not
have the selectivigies| fouad when Si0i ng| t hecpol i shi r[gmsl urriggaccording to

10 70 230 1 7 X

It can be seen from the Comparative Example that the polishing slurry at a low pH of
5 2 does not have the selectivities found when using the polishing slurries according to
the invention with higher pHs. The amount of SiO, removed is greater than the

amount of TaN removed.



the invention wth higher pHs. The anpbunt of Si02 renoved is greater than
the anount of TaN renpved. 2 7 JUL 2005 -16 Patent Claims 1. Use Jof JHL 2005
conposition containing 7 to 100% by volune of a cationically stabilized
silica sol which contains 30% by weight of SiQ2 and the SiQ2 particles of
whi ch have a nean particle size of Ied§-than 300 nm with a pHof from4 to
10, and less than 0.05% by wei ght of oxidizing agent, having a barrier

| ayer: netal selectivity of at least 2:1 or above and a barrier |ayer:

di el ect ri Eatemt £4aimsi vy of at | east 2:1 or above, for polishing netal and
nmetal /dielectric structures having a barrier layer. 2. Use according to
Caiml, characterized in that the netals are W A, Ru, Pt, It, Cu, Si

and/ or al llpys QJse aHr bicdapotikien ewhtaidng Us & d00%r ij Wg)hirﬁe @fad mutlonically
characterized in that the dielectrics are Si i mdes, fI uor| nat ed

pol yi i des, d| gabitiged isiicacspl %@igh C}QBWaVEr%/étWeW@ghtpﬂfy Sikeyandnthe Siiryi ene N,
| ot
oyl o1, o RRLSFSIRS IE i S SERAULSIATTRp 90 61 Fupd

m Xt ur es there e accor al m n of
sem conduct or s fronntéegr B3, emhd less than t0s050 bynweighe be okidining haaitc hhvisy at ens.

barrier layer:metal selectivity of at least 2:1 or above and a barrier
layer:dielectric selectivity of at least 2:1 or above, for polishing metal and

metal/dielectric structures having a barrier layer.

2. Use according to Claim 1, characterized in that the metals are W, Al, Ru, Pt,

Ir, Cu, Si and/or alloys or carbides thereof.

3. Use according to Claim 1, characterized in that the dielectrics are SiLK™,
polyimides, fluorinated polyimides, diamond-like carbons, polyarylethers,
polyarylenes, parylene N, cyclotenes, polynorbonenes, Teflon, silsesquioxanes

or SiO; glass or mixtures thereof.

4. Use according to Claim 1 for the fabrication of semiconductors, integrated

circuits and microelectromechanical systems.



