1 Aqueous Dispersions, Process for their Pr%gjgi‘oybzg T
their Use Q;f 2001

The present invention relates to the product
aqueous 5 di spersions that contain pyrqgenically produced S|u500n
~diroxide, a process for their production, and the use of the ¥ spd? i
‘for polishing sem conductor substrates. Ceri um oxi de di spejjsi ons,
obt ai ned by calcining a cerium conpound followed by grinding of the
oxi de, have been used 10 for a long tim¢ for polishing glass. The

di spersi ons have partlcl e sizes of nore than 1000 nm and a hi gh cont ent

of | mpuriti es, T%%lé ‘:;hesr‘é'l&??' $rb8Lsd *}% ¢

? L%?PB énéﬂgbg and
surfaces but not I Ng sensitrve i ca SUI’

seni conduct or substrat es or integrat eﬁ“’tﬁ”rHﬁﬁ’ts (chem caI 15 nechani cal
pol i shing, CWP). Smal | er cerium oxide particles are obtained by the
So- call ed hydrothermal synthesis. In this case a ceriun(lll)

salt is converted oxidatively under the influence of t enperature and

pressure into cerd lﬂ?egéhéemmhs;&h %Qla@éyscfoakhé §5%aQkt i dn ok hggdelti of fine
particles. Tge ispelddi! Icl.e;sizes .of

i zZes | 1€ 4 Xl e %pta ned accordi ng
to thi s pr StERE *4P8° 8d™*f06 ﬁ(nEﬁy’Aqﬂ’?‘ 3%@55’?'5?? 51{”(5?"5 389
352) or smal | er diprafe302nPF 2GFES| é‘?’gépe%ﬁaﬁfoﬁ’ech%ﬁf( usng the usqf ¥8@). The
di sadvant age of diibpsrsiehkofoheetishings séixtondBbtow esupsthidtese ceriunm(111)
solutions have to be used as starting materials.

Cerium oxide dispersions, obtained by calcining a cerium

compound followed by grinding of the oxide, have been used

for a long time for polishing glass. The dispersions have

particle sizes of more than 1000 nm and a high content of
impurities.

10

They are suitable for the coarse polishing of
surfaces, but not for polishing sensitive optical surfaces,

semiconductor substrates or integrated circuits (chemical-
15 mechanical polishing, CMP)}.

Smaller cerium oxide particles are obtained by the so-

called hydrothermal synthesis. In this case a cerium{III)

salt is converted oxidatively under the influence of
temperature and pressure into cerium oxide, which
20 crystallises out in the form of fine particles. The
particle sizes of the cerium oxide obtained according to
this process are 80-100 nm (EP-A-947 469), 7-50 nm (US 5
389 352) or smaller than 30 nm and larger than 60 nm (US 5
772 780). The disadvantage of this method however is that
25 very dilute cerium{III) solutions have to be used as
7 starting materials.

Mixtures of cerium oxide and silicon dioxide produced by

the processes mentioned above are described in US 5 891

205. In this case the cerium oxide has to be deagglomerated

in a first step by means of a grinding mill. The cerium
oxide dispersion is then mixed in a second step with a

silicon dioxide dispersion based on silica sol and can be
used to planarite silicon discs.

30



M xtures of cerium oxide and silicon dioxide produced by
processes nentioned above are described in US 5 891
thé cerium oxide has to be deaggl onmerated 30

agrinding mll. The cerium oxi de dispersion is then mxed in a

second step wth a silicon dioxide dispersion based on silica sol and
can be used to planarite silicon discs.

2 The di sadvantage in this case is tzhe conplicated procedure
the costs involved in the production of this finely  particulate
di spersion. The deaggloneration of the ceriu oXi us ri,ndi ng
mll conceals tﬁg ‘g’tgs AW PRt 4 Fanfetnis cgfe tlﬁeg}‘ﬁc%?'}%?ﬁ?fr énpo?ce(%purl ties in
t he di spersion. and tTFﬁJtCPﬁ‘éfP novelved insthedmedepbionsiofi By diestte

di sper si ons paasechlanestispassol. ITaeedandlgheratciont efitthef cemipuriti es
than those based)xqaeptygﬁgeg'&LaﬂnlantF)rnﬁqlicganc,%allbc% Ho¥hfl dangeUS 5 382
272 descri bes the §t|vat|on con dioxide_ 1 eQﬁLtéﬁﬁ%ﬁ by adsorption
of a few wei ght Per Snfncoﬁpgf%trlz%l?/} lmpuﬁlweso/ of*% pum oxi de or

zi rconi um oxi de HHEPEFBELSn, it is *h@MQn%hﬁFcﬁﬂ%%Coﬂe@kQﬁ%geoﬂl%ﬂﬁF§l?ﬁﬁm:ess is

t hat the actbhassld g «ififieatsdls haae th hagher aohaemedsimplnithys gri ndi ng
a silicon dioxidendi $REESIRBeW & p?r&c&liﬂ"f%éﬂﬁ'ﬂﬂéd@c\!@a |s%1§2k@orél%m§ﬂé um oxi de
or zirconi um oxi de di spersion.

t he
205. In this case
inafirst step by neans of

and

The m xed di spersion that is thus
obtained is sai du§05 hebays ld'egerﬁ)es the w&vg&rdnuakogqﬂ%oﬂlm%aeon when
pol i shing se subst.rate

| te
wi t hout Ieav?hcopart13ﬁ§ Rt 24P R oBn° ?ﬁ% §ﬁrY%5%g 8£%§%%ZHPI% ab}é%npared

to 2 wt.%, of a cerium oxide or zirconium oxide dispersion.
The particular feature of this process is that the
activating effect is said to be obtained simply by grinding
a silicon dioxide dispersion with a commercially available
cerium oxide or zirconium oxide dispersion. The mixed
dispersion that is thus obtained is said to behave like a
pure cerium oxide dispersion when polishing semiconductor
substrates with a high removal rate, but without leaving
any scratches on the surface to be polished. Compared to
the remaining processes in the prior art, the costs are
minimal and the execution is simple. The particular

15

20

disadvantages of this method are, as is also described in
detail in WO 00/17 282 Al, the production of a dispersion

having a narrow particle size range and the difficulty in

25 achieving reproducible polishing results.

As the prior art shows, the extraordinarily high activity
of cerium oxide compared to silicon dioxide and other
dielectric oxides has excited a great deal of interest,

mainly in the area of chemical-mechanical bolishing (CMP) .

30 The technical object of the invention is to provide an

aqueous, cerium oxide-containing dispersion that can be
produced simply, that contains only a small proportion of

impurities, and in which the particle size can be
reproducibly adjusted.



20 the remaining processes in the prior art,
and the execution is sinple. The particul ar
method are, as is also described in

production of a dispersion having a narrow particle size range and the
difficulty in 25 achieving reproducible polishing results. As the
prior art shows, the extraordinarily high activity of cerium oxide
conpared to silicon dioxide and ot her 3 dielectric oxides has excited a
great deal of interest, mainly in the area of chem cal - nechani cal
pol i shing (CWP). 30 The technical object of the invention is to provide
an agueousThiertieunniaxildebart asnacigetted pey sisdng tdrakqseruspe

produced sinply, dm&trs@&mt@n@sl@fd@/ pPr&§@ilcaPL PRAHHLEEd Gfilicon i Npurities,
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di sper si on Is less than 100 nm In the production of the silicon
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starting material, which is homogeneously mixed as an

the costs are m ni mal
di sadvant ages of this
detail in WD 00/17 282 Al, the

10 aerosol with the gaseous mixture obtained from the flame

oxidation or flame hydrolysis of a volatile silicon

compound such as for example silicon tetrachloride,
hydrogen and oxygen.

to react in a flame.

The aerosol/gaseous mixture is allowed
The resulting pyrogenically produced
silicon dioxide doped by means of the aerosol is separated
in a known manner from the gas stream.

15

As is described in detail in DE 196 50 500 Al, this
production procéss leads to silicon dioxide particles doped
with cerium oxide. The cerium oxide particles according to
this process are always smaller than the silicon dioxide
particles. This is an important prerequisite for the use of
dispersions containing the cerium oxide-doped silicon
dioxide particles for polishing applications, since

otherwise scratches could be formed on the surface to be
25 polished.

20

The dispersion has a good stability and is ideally suitable
for polishing in the CMP sector. Good stability of the
doped dispersion means that the time after which the
viscosity of the dispersion increases or the dispersion
gels or sediments is later than in the case of a dispersion

containing a mixture of undoped silicon dioxide and cerium
oxide. :

30

As a result of the pyrogenic production process, in which

as is known highly pure starting materials are used, the



10 aerosol with the gaseous m xture obtained fromthe flane oxi dati on
or flame-hydrolysis of a volatile silicon conpound such as for exanple
silicon tetrachloride, hydrogen and oxygen. The aerosol /gaseous m xture
is allowed to react in a flane. The resulting pyrogenically produced 15
silicon dioxide doped by neans of the aerosol is separated in a known
manner fromthe gas stream As is described in detail in DE 196 50
500 Al, this production process |leads to silicon dioxide particles
doped Wi th cerium oxide. The cerium oxide particles according to 20
this process are always_smaller than the silicon dioxide, particles.
This is an inport3al \lflgp?%r’ﬂ‘aﬁf’s'i"teé Foreveme e QP applicgEions &Fdns
contai ni ng the d&@gldgibly gmatbped silicon di oxi de particles for
pol i shing applications, since ot herw se scratches could be fornmed on

the surface to BéitlpEompeidishkyl.obtained cBin¢uispdesduperasors ghod stability
a{\db! S ltdea:c |;/h3¢léﬁi&m e}éide isdcjéHerQQHI %Bt@gné&liéhr'a? GMDt A t%QGIer 2 GOOS'm, Hth
stability o e . i on Jreans, t ha e tine after whic e
vi scosity of therefgﬁgfsfgﬁgpn%%ggégsogfﬂpﬁéla¥§bersion 30 gels or

Tt Ure of undopit SITEEb v RgR B oAt E g Lomids praatced By thg 2
result of the pyPBYEMIPECEPTUORY | vBrbe@sdthin wislechimits frem 0.80@%bwn
hi ghly pure startbnge @t eti%al ¥hem exsesedor tthe production of an aqueous
4 dispersion according to the present invention, the degree
10 of doping is preferably between 10 ppm and 10 wt.$%,

particularly preferably in the range between 300 ppm and 5
wt.%. |

The BET surface of the cerium oxide-doped silicon dioxide
is between 5 and 600 m’/g according to a preferred
embodiment of the invention. A range between 50 and 400

n’/qg is particularly preferred. Within this range the
dispersion exhibits a good stability.

15

The solids content of the dispersion containing cerium
oxide-doped silicon dioxide is primarily governed by its
20 intended usé. In order to reduce transportation costs a
dispersion with the maximum possible solids content is
aimed.for, whereas for certain applications, such as for
example the polishing of silicon discs, dispersions with
low solids contents are used. A solids content of 0.1 to 70
wt.% is preferred according to the invention, the range
between 1 and 30 wt.% being particularly preferred. In this

range the cerium oxide-doped dispersion exhibits a good
stability.

25

The dispersion may be used as such, for example for
30 polishing. The pH of this dispersion is between 3.5 and 4
depending on the degree of doping. The pH may however be
varied in a wide pH range of ca. 3-11 by adding basically
or acidically acting substances.



|l evel s of inpurities relevant for CVP applications are negligibly small.

Wth connercially obtained cerium oxi de di spersions the ceriumoxide is
generally obtained fromores having a 5 relatively high content of
impurities. The degree of doping of the silicon dioxide produced by

t he above process may be varied within wide Iimts from 0.00001 up
to 20 wt. % Wen used for the production of an aqueous di spersi on
according to the present |nvent|on the degree 10 of doping is preferably
bet ween 10 ppm and 10 wt. partlcularly preferably in the range

bet ween 300 pp an he BET r
oxi de- doped sil'I coﬁC§ease (]:lwtthe Pl et e t ﬁa &g bg%o 7Chl%vgg 1y

accor ng to a
preferred 15 efsdapndhialds hifdrfé’xilﬂ?/%rﬂ Bﬁ.ln?ﬁ réﬁ‘&@lﬁgt xgge ARF 400
nMerr]/g is parpatagisanhyhydreticte ede Mrtthicnlatiysprefiegeethe di spersion
exhibits a good stability. The solids content of the dispersion

cont ai ni ng ceriBynaddingoadide- doped sad ikzodishlmcedetd Shpraatatiicl yammeyer ned by
its 20 intendedowis@o bR B GRErd %ré%’%ﬂaﬁ@f‘&%&t%ﬂ Qﬁlsopﬁh%oae

di spersion with XL mum pOossi s.cont.e ai_med for,
whereas for cerfgalkbn galleamtdlgo%é l%e % neraq formu é“H WP erepoI i shi ng of

silicon discs, BF %p%r"sr 8% Wi L 1 'I%W%F‘F*Ef?‘y&bﬁtaé%’rf% a? é&h¥sed. A solids
content of 0.1 tendrl ZSrmyijta %10510{:51)@1‘5% ghexc ooP i .ngrt oydtexyrnventi on, the

range bet wegfbdxyand 26hdet o26Ri Bendadll ir6 ikl K, RAC eSraicosd. whbﬂelt hi s
range the cegpl u I p pe 1.0l %&1 Iity.
The di spers?gn ;1@3_3%( be u%g e(glgg% &?#d?ﬂcs)ﬁ-hog %ﬁlfcglgg%gnd oy ing. The pH

of this dispersi®dndis al}é‘icﬁkﬁa?% %Fnﬂ‘lﬁtures of {&Y5e ﬁ&?’ffd“eé‘ﬁl?‘ﬁ%j degree of
dopi ng. The pH rsjpdRowksedichecid, citnigr peid iandasaliidel pHacddgereof ca. 3-11
by addi ng basi caldryicularlyOprereirded adry tRLE iRGpssASt ances.

The present invention also provides a process for the
15 production of the dispersion containing cerium oxide-doped
silicon dioxide, which is characterised in that the cerium
oxide-doped, pyrogenically produced silicon dioxide is
dispersed in aqueous solution by means of a high energy
input. Dispersion methods in which a sufficiently high
energy input permits a dispersion of even extremely hard
and highly aggregated materials are suitable for this
purpose. Such methods include systems operating according
to the rotor-stator principle, for example Ultra-Turrax
machines, or agitator ball mills. Both systems however have
a relatively low energy input. Significantly higher energy
inputs are possible with a planetary kneader/mixer. The
effectiveness of this system is however dependent on a
sufficiently high viscosity of the processed mixture, in

order to impart the high shear energies needed to separate
30 the particles. '

20

25

When grinding and dispersing doped oxide particles there is
the danger that the doping substance will separate out
during the grinding and dispersion. This leads to variable
polishing results if the dispersion is to be used as a

35 polishing agent in the CMP process.



5 ~ An increase in the pH value may preferably be achi eved by addi ng
al kal i hydroxi des or am nes. Ammoni um hydr oxi de and pot assi um hydr oxi de

areée particularly preferred. By addi ng acids the pH can be displaced to
the acidic range 5 down to pH 3. There are preferably used for this

pur pose carboxylic acids of the general formula CJerr]Herr]CJerr]H
wher e n=0-6 or n=8,10,12, 14,16, or dicarboxylic acids of the

general formula HJ err] C(CH[err])[err] COPerr]H where n=0-4, or hydroxy-

carboxylic acids of the general fornmula Rerr]Rerr]C(OHCJerr]H where 10
err] =H, err e , & r aci d,

g[/r uv} C R aci %:It qsg% {E%Jéblegﬁ Eig&{i‘hcg] al(ﬁ%@(%itpgggﬂfn%r grgflé%%l?lolr?gd

acids. Acetic atrgium

T d&B?‘i'j 8 ac%‘élq’&’i‘llfiﬁ RAAtdClf® that P ticularly
preferred for tﬁfi‘%llma‘r pbawre 100. nm afdeiprwisieht thedapingrsulissanpediages a
process for thendb sepaedued icab edn bleosl FHFRLS beNuLiNGt Bl gh-pFessitelm

oxi de-doped 5 pogbddrd@B,di OXide, which is characterised in that the cerium
oxi de-doped, pyrogenically produced silicon dioxide is di spersed in

aqueous sol utio S h e n net hods
in which a suff:%c%n{ﬁ%%g d% C%S Lwé’r@@ &%emeﬁ ém%h“%lssgg%%ggog of even
extremely hard 8¢ erzfn TREGHIS CAgHt &6 53?10 /& |zflr§ exrRandgft BhT¥ M or this
pur pose. Such mét Hé)ellsoﬂdn@load@ sﬁsﬂemsopmmn ngtacstoridie ngpe another t he
rotor-stator pridxecple,arfdothexanpl€eldd Uhaeddld rakutual ghBediingeSInOr agitator

bal | mlls. B0t h¥§LEBuIANRUR" tnélvp?re—azs.s fsﬁﬂ ot i%ealﬂéo g:r{]\ej%%%ayta nput .
Significantly h

%her L ene possi anetary
kneader / mi xer. Th&'9 pres%%f‘é’ctﬁ“\‘iehrés@lﬁf cf‘ﬁ? stbfyg?’étrﬁc §s h‘b‘%@\} &f dependent
on a suf f i @dadnst yre¢iindaredds wesl txeadnshe processed mixture, in
order to inpart the high shear energies needed to separate

These devices have been used for a long time, among other

things to disperse undoped oxides such as zinc oxide,

15 silicon dioxide or aluminium oxide (UK-A-2 063 695, EP-A-

876 841, EP-A-773 270, WO 00/172 282 Al). The grinding and

dispersion of doped oxides using these devices has not been
described up to now.

The invention also provides for the use of the aqueous,
cerium oxide-doped dispersion for the chemical-mechanical

polishing (CMP) of semiconductor substrates or layers
applied to the latter.

20

By using the cerium oxide-doped
dispersion, a surface that is free of microscratches can be
cbtained at a high polishing rate.

25 The cerium oxide-doped dispersion according to the

invention is particularly suitable for the final chemical~

mechanical polishing in the shallow-trench isolation

process (STI process), in which after applying a silicon

nitride layer insulating structures are etched in the

30 silicon layer of a wafer, these cavities are then filled

with silicon dioxide, and excess silicon dioxide is removed
by chemical~mechanical polishing.



30 the particles.

When grindi ng and di spersing doped oxide
particles there is

t he danger that the doping substance w ||

separat e
out during the grinding and dispersion. This |leads to variable
polishing results if the dispersionis to be used as a 35 polishing agent
in the CVWP process. 6 It
has now been found that aqueous di spersions containing cerium

oxi de-doped silicon dioxide particles that are
in which the dopi ng substances has not separated out can be obtained by
usi ng hi gh-pressure 5  honogeni sers. Wth these devices two

pre- di spersed sUSP&RsHGPLLensdre algmguitabls £o5ukke rogyrtionssho kg/ cne
are expanded t hroughfinelya pdirbihpridtaozwifece Botdt igigs pbr sihenpjmetes stri ke one
anot her exaaitdngnthdlre rpast it gsodiRdeEgect1Mdhbadedri nding. In 10
anot her enbodi nent the pre-dispersion is also subjected to a high
pressure, but in this case the particles collide agai nst reinforced
wal | regions. These devi ces have been used for a long tinme, anong

smal |l er than 100 nm and

ot her t hi agsetndllegper se undoped oxi des such as zinc oxide, 15 silicon
di oxi de or al um nrumoXide (UK-A-2 063 695, EP-A- 876 841, EP-A-773
270, WD 00/172 Zﬁgaﬁtﬁgaiq?xgkkgding and di spersi on of doped oxi des
usi ng these devi ces has not been . described up to now.

The average secondary particle size was determined with a
Zetasizer 3000 Hsa from the Malvern company.

The surface of the powders that were used was determined by
the method of S. Brunauer, P. H. Emmet and I. Teller, J.
Am. Chemical Society, Vol. 60, p. 309 (1938) and is
generally termed the BET surface.

10

The viscosity of the dispersions that were produced was

determined with a rotation rheometer, Model MCR 300, from
15 Physica and with a CC 27 measurement beaker. The viscosity
value was measured at a shear rate of 100 1/sec. This shear

rate is in a range in which the viscosity is practically
independent of the shedr stress.

Sediment formation was evaluated by visual inspection in a
1000 ml capacity wide-necked polyethylene flask after a
standing time of one week. Any sediment that may be present
can easily be recognised by carefully tilting the flask.

20

The synthesis of the cerium oxide-doped silicon dioxide
particles is carried out according to DE 196 50 500.

25 Production of the dispersions

Method A: 53

kg of fully deionised water and 80g of 30% KOH
solution are

placed in a 60 1 stainless steel batch

container. 8 kg of the particles according to Examples 1 to

8 are sucked

in as a powder and coarsely pre-dispersed with’
30 the aid of a

disperser and suction mixer from Y¥Ystral (at



The invention also provides for the use of the aqueous, 20

cerium
oxi de- doped di spersion for the chem cal - mechani cal

polishing (CWP) of
sem conductor substrates or |ayers applied to the latter. By using the
cerium oxi de- doped di spersion, a surface that is free of

m croscratches can be obt ai ned at a high polishing rate. 25 The
ceri um oxi de- doped di spersion according to the invention is
particularly suitable for the final chenital - mechani cal polishing in

the shallowtrench isolation process ( STI process) in which after
applying a S|I|gg6

|tr e ulatin ructures are etched in
the ~30 silicon er of“ tJTtg %‘{ﬁttlf)%s&a?% °Fi ied Wi th
sil'icon dioxide2 lé\éﬁr%‘fé‘esiz Cs’imPfLE‘bﬁ’fi d‘ilékl ATYPS ?eﬁﬁﬁéﬁOr/StatO’{)y
chem cal - necharu&h;bugMﬁhoghhqﬂygenlser from Ystral with four processing
7 These di spewakpns sd8atorls3Ot skidtabbe f @k, t Ly R Qgt@@ﬂoﬁgl Q.Ipeed very
finely partigul aje 1§ug(§0agepq9atdugg§ Itlm tsh(fspnﬁﬁeg 1 spdBkI ng i ndust.r, y or to
produce special gl asses § (% €a F rocess !

aver age secondar’g Bsdr ¢ 18 BHs’rszé‘dWé%t‘ifbtaé‘Pn‘i“?ﬂéﬂaﬂ\P?% 2% a 8¢ 3.5 by

adding further KOH solution. In this connection a further
96 g of KOH solution were used and an abrasive body

concentration of 12.5 wt.% was adjusted by adding 2.8 kg of
10 water.

Method B: about half the dispersion according to method A

is ground with a "wet jet mill”, Ultimaizer System from

Sugino Machine Ltd., model HJP-25050, at a pressure of 250

MPa and with a diamond nozzle diameter of 0.3 mm and two
15 grinding passes.

The analytical data of the dispersions are shown in Table
1.

Polishing process

Equipment: Presi Polisher Type 460 M, equipped with a

550 mm polishing table with a Rodel IC 1400 perforated
polishing cloth.

20

Wafer: 4“ silicon discs coated with 500 nm Si0O, (thermally

produced), 4” silicon discs coated with 500 nm SijzNg
(LPCVD) .

25 Polishing parameters:

Polishing duration/polishing pressure:
secs./0.8 bar,

15 secs./0.2 bar, with rinsing
Rotational velocity 60 rpm (both)

15 secs./0.2 bar, 60

30 Metering rate of the dispersion: 100 ml/min.

Temperature: ca. 25°C



Zet asi zer 3000 Hsa fromthe Ml vern conpany. The surface of the powders
that were used was determ ned by 10 the nethod of S. Brunauer, P. H Enmmet
and |. Teller, J. Am Chem cal Society, Vol. 60, p. 309 (1938) and is
generally terned the BET surface. The viscosity of the dispersions
that were produced was determined with a rotation rheoneter, Mdel MR
300, from 15 Physica and with a CC 27 neasurenent beaker. The viscosity
val ue was neasured at a shear rate of 100 1/sec. This shear rate is in
a range in which the viscosity is practically i ndependent of the shear

stress. Sedi ment formati on was eval uated by visual i nsgecti onin a 20
1000 m capaci EF S BERATICKERPPEM Yot HpPERY MAER aa1dtlé}“°‘éd'tlpp Standing time

of one week. Amyisdingrewedtdisic ahya reppesewf 1 bar dan Basielcy: be recogni sed
by careful ly tiddfiorg édvd pbRidhing test.The synthesis of the cerium

oxi de-doped silicon dioxide particles is carried out according to DE
?—9|6| SOdSQO %stpbﬂﬂl-@tdelaﬁﬂn@flst ggr/ﬂte%pgﬁﬁ|B§/n§ltrason1c|v€iéwﬂln&\ 53 kg 0f60
ully deionig | ina

1 stainless stee %E\, aﬁggusqfnﬁt gl gn‘}e%’?é%o 5 gﬁge %g‘ra?llq% Bsgg cording to
Exanples 1 to Side cée%’i‘? S5¥%ed in as a povvder and coarsely pre-dispersed

with 30 the aid of a_disperser and suction mxer from Ystral (at
The evaluation of the abrasion performance (removal rate,

RR) is carried out by measuring the layer thickness using a
Prometrix FDT 650 device (KLA-Tencor Corporation) and by
10 weighing the wafer on a Sartorius BP 210D scales. 10 wafers

were polished and evaluated in each case to determined the
mean RR.

Large scratches and defects were evaluated with a Surfscan
Model 5000 device from Tencor.

15 The values for the abrasion performances and the
selectivities of the dispersions according to Examples 1 to
8 are summarised in Table 2



4500 r.p.m). After the introduction of the powder the
conpleted with a Type Z 66 rotor/stator

Ystral with four processing crowns, a stator slit width of 1 mm and a
rotational speed 5 of 11,500 r.p. m During this 15-m nute dispersion at
11, 500 r.p.m the pHis adjusted and maintained at a of 9.5 by

adding further KOH solution. In this connection a further 96 g of KOCH
solution were used and an abrasive bod]Y0 concentration of 12.5 wt. % was
adj usted by adding 2.8 kg of 10 water-: Met hod B: about half the

di spersion according to nethod

s ground with a "wet jet mll",
Utimizer Systemfrbm <« ughnosathi e Btjd.s

di spersion is
t hr oughf | ow honogeni ser from

S| nodefd, BUP- 25080, at a
pressure of 250 FPa and Wi th al di anond rozzl e di &Rfer ofk0.3 mm and
two 15 grinding passs. Thej anal ytli cal data of the disbersions are
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9 . Prelimnary treatnent: treatnent with a dianond-ti pped
head disc at a pressure of 1 bar for 10 secs. bef ore each polishing
test. Post CMP cleaning is carried out by ultrasonic cleaning 5
(Techsonic) and using a SVG 8620 brush-type cl eaner (single si de

cl eaner/dryer). The eval uati on of the abrasion performance (renoval
rate, RR) is carried out by neasuring the |ayer thickness using a

Prometrix FDT 650 device (KLA-Tencor %prporation) and by 10 weighing the
wafer on a Sartorius BP 210D scal es. 10 wafers wer e polished and

grindi ng

eval uated i n eaclhrgasetio HetermEgd e s ‘;qeandqg o L@rge scratches
and defects were|eval uatled W thja Surfgcan| - (Yo} g 5000 gefi ce from
Tencor. 15 The|val pes |for {t he|abrfasi gn pgerfof mafit§$ and Ehg
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12 .Patent d ai ns

contains a
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1. Aqueous dispersion, characterised in that it
ont : cerium oxi de-doped, pyrogenically produced silicon
di oxi de, wherein the ceriumoxide is introduced through 5 an aer osol

of a ceriumsalt solution or suspension and
size in the dispersion is |ess
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Patent Claims

Agueous dispersion, characterised in that it contains a
cerium oxide-doped, pyrogenically produced silicon
dioxide, wherein the cerium oxide is introduced through

an aerosol of a cerium salt solution or suspension and

the average particle size in the dispersion is less
than 100 nm.

Aqueous dispersion according to claim 1, characterised

in that the cerium content of the doped silicon dioxide
is between 10 ppm and 10 wt.%.

. Aqueous dispersion according to claim 1 or 2,

characterised in that the BET surface of the cerium

oxide-doped silicon dioxide is between 5 and 600 n’/g.

Aqueous dispersion according to any of claims 1 to 3,
characterised in that the solids content in the
dispersion is between 0.1 and 70 wt.%.

Agqueous dispersion according to any of claims 1 to 4,

characterised in that the pH value of the dispersion is
between 3 and 11.

Aqueous dispersion according to any of claims 1 to 5,

characterised in that the pH value is adjusted using
amines or alkali hydroxides.

Agueous dispersion according to any of claims 1 to 5,
characterised in that the pH value is adjusted using
carboxylic acids of the general formula CyH2n+1CO2H,

where n=0-6 or n=8,10,12,14,16, or dicarboxylic acids
of the general formula HOC{(CHz),COz2H, where n=0-4, or

hydroxycarbokylic acids of the general formula

RiR.C(OH)CO-H, where Ri=H, R;=CHj3, CH,CO;H, CH(OH)CO;H or
glycolic acid, pyruvic acid, salicylic acid or mixtures
thereof.

e



2. Aqueous dispersion according to claim1, characterised in that

the ceriumcontent of the doped silicon dioxide 10 is bet vveen 10 ppm
and 10 wt. % 3. Aqueous dispersion according to claiml or 2,
characterised in that the BET surface of the ceri um

silicon dioxide is between 5 and 600 n®/g. fﬂﬂ“\u \‘ ‘ﬂﬁ%ﬁ
according to any of clains 1 to 3, 15 characterl oI i ds
content in the di spersion is beﬁtween 0.1 and 70 Wt .

Aqueous di spersion according to any of clains 1 to 4,

characterised in that the pH value of the dispersion is bet ween 3
and 11. 20 68. Arpveoss fibirSpie ProduatHr At Ngh taquasys afispbssivh 1 to 5,

characterised in thab-hiy Q'G‘ éﬁ?}} W bSaffll 4SLET u%hg':gacterlsed in@M nes or

al kal i hydr oxi des. Aque rsion accordi y of clains
1to 5, chitad %rciesré |nlt%ﬁag eﬁdg Bﬁ?ﬁaﬁnﬂlga{g’ u%??; using 25
carboxylic acids 0$1Jtlt?€“g‘é‘tﬂ§‘ﬂ§? %r@ﬁﬁparﬁdeﬁn]ﬂl@ppf@glatﬁw y

where n=0-6 Br n=8mddhsldf 1« high erexdiycampoxyli c aci ds of the

general formula HJerr]C(CH err])[err]CJerr]H where n=0-4, or
hydr oxycar boxyl B¢ acod@dssofot hegerstualtibordiiba agqueous dispersion

Rlerr] R err] C(COH) C%@erdlhtlg Wl 8 &r thathctdreEld IEHERLL lsorCHhErr1 CO err] H,
Sn}lg(?l;? ng)ZH or gﬁﬁndln f nc?lcfl(s:pg‘gsllon 8¥r U\Qeglgxgloglde dépce\tljl IEl{aCI d or
dioxide in an aqueous solvent, a device is used in

which the particles to be dispersed are under a

pressure of up to 3500 kg/cm?, are expanded through a

nozzle, and collide with one another or against wall

regions of the device.

10

10.Use of the aqueous dispersion according to any of
15 claims 1 to 7 for the chemical-mechanical polishing of

semiconductor substrates or of layers applied thereto.

11.Use of the aqueous dispersion according to any of

claims 1 to 7 for producing finely particulate surface
coatings in the paper industry.

20 12.Use of the aqueous dispersion according'to any of

claims 1 to 7 for producing special glasses.



13 . 8. Process for the production of an aqueous di spersion

according to any of clains 1 to 7, characterised in that the cerium
oxi de- doped, pyrogenically produced silicon dioxide is dispersed in
aqueous solution by 5 means of a high energy input. 9. Process for
t he production of an aqueous di spersion according to claim 8,
characterised in that for the grinding and di spersion of a cerium
oxi de-doped silicon di oxi de in anjgqueous solvent, a device is used
in 10 which the particles to be dispersed are under a pressure
of up to 3500 kg/cnferr], are expanded through a nozzl e, and
collide with one anot her or agai nst wakbstract regi ons of the device.

10. Use of the aqueous dispersion according to any of 15 claims 1 to 7
for the chem cal - meghans nlspeekicty ,NGProfess for thdagTPeeditibal &idstrat es
or of layers applied thereto. 11;s5e @de t he aqueous di spersion
according to any of clains 1 to 7 for producing finely particul ate
surface coatings in the paper industry. 20 12.Use of the aqueous

di spersion according to any of clainms 1 to 7 for producing specia

gl asses. 5 The invention provides an aqueous dispersion containing a

cerium oxide-doped, pyrogenically produced silicon dioxide,
wherein the cerium oxide is introduced through én aerosol
of a cerium salt solution or suspension and the average
particle size ip the dispersion is less than 100 nm. The
10 dispersion is pfoduced by dispersing the cerium oxide-
doped, pyrogenically produced silicon dioxide in aqueous
solution by means of a high energy input. The aqueous
dispersion can be used for chemical-mechanical polishing.



