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AQueous dispersion, a process for the preparation and the 
use thereof · < · 

The invention relates to the preparation of aqueoua 
dispersions containing silica p:roduced by pyroqenic means, 

5 a process for the preparation and the use ·of the 

dispersions for polishinq semi-conductor ~ubstrates • 
. • .· 

Agu.eous dispersions containinq silica have a b~ad field of 
application. The appliaations includef for example, the 
coating of paper,. the manufacture of·.c.;riass :fibres and 

10 quartz glass, and the chemica.l ·me~ice.1 polishing of 

semi·~uotor substrates (CMP process> .• 
'.·· 

conventional dispersions· are based·.either on colloidal 

silica. silica s<?ls, or silica prod.u~_ectby pyroqenic means. 

Colloida.1 si1ica is produced in the so~uti~n of sodium 
15 silicate and yields dispersions with {ver-Y small particle 

I -

size and very good dispersion.stability .. A disadvantaqe, 
I. .. 

partic:u1arly when polishinq semi-conductQr substrates, is 
the amount of impurities introduced by the Btartinq 
material sodium silicate, and the adhesion of the particles 

2 o to po1ished surfaces. 

Pyroqe.nic sil.1ca, on the other hand .. produced by flame 
oxidation or flame hydrolysis from ailicon tetrachl.oride. 
hydroqen and OX.YCJen, exhibits a very high purity and a 
primary particle size comparable with that of colloidal 

25 silica. Said prilmu:y part:l.o1es aqqregate and aqqlomerate, 
however. produeinq.hard particles. Dispersion of·the 
a.qqreqates and aqqlomera.tes proves to be difficult, the 
dispersions are less stable and are susceptil:>ia tc 
sedimentation or qellinq. 

30 A possibility of increasinq the stability of the dispersion 
is desoribed in US 5 116 535 and US S 246 624. A particular 
feature is the BE'l' surface whieh should be no qreater than 
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75 ~/q, preferably from 30 to 60 ni;./q .. Eere, too, however, 

as described in US S 904 159, only a sliqhtly better 
stability oan be expected. Sedimentation occurs after only 

two months. 

5 os 5 904 159 describes an aqueous dispersion containinq 
silica produced by pyroqenic means whic:h'ha~ improved 
stability. 'l'his is achieved by a partiqular form of 
dispersion process. The use of a hiqh·pressura homoqeniser 
permits the preparation of aqueous sili~a dispersions with 

10 avera.qe partic1e diameters frOlll 30 .. ~ to: 100 nm which are 
claimed to be stable for sevua.1 uionths without 
sedimentation occurrinq. 

..• .. ·· 

A similar form of dispersion p~ess_ · i-Es also deStcriJ?ed in 
EP·A-876 841 .. The averaqe particl•.'siie of the claimed 

15 metal oxides produced by pyroqenic means_ . is given here as 
10 nm to 2 µm and the stahili ty is C#l ve!l·:.,· .in the exmnplee as . .. ~ ... 
a.t least 30 days. l 

This dispersion process is also claihted in WO 00/17282 A1 
for silica, ceril.Ull oxide and £iraonium oxide, with particle 

20 sizes from 30 nm to 500 nm. No indications about the 

stability of the dispersion are 9iven. 

Despite this improved stability of the aqueous dispersions. 
the reaqglomeration behaviour of the dispersed silica 
particles remains, limitinq the stability of the dispersion 

25 and lead.in.q to scratches when surfaces are polished in the 
CMP process. 

The object of the present i.nvent.icc. was, therefore, to 
provide an aqueous dispersion which contains silica 
produC!ed by pyrogenic means but which, c.ompared with the 

30 prior art, has a niarked1y reduced reaqqlomeration 

behaviour, qrea.ter stability a.nd which, during chemical· 
mechanical polishinq, yields hiqh removal rates and leads 



to a su:rface which is very laxgely free ·f·rom 

inicroscratcbee:. 

The technical object is achieved by an aqueous dispersion 

containinq an alka1i-doped pyroqenic silica prepared by 

s means of aerosol, characterised in tha,t ··said silica, in the 

dispersion. has an averaqe particle d.~amet_er of the 

secondary partieles of less than 100 ~mn and the quotient 

do.Ida of the arithmetic ro.ean. of tbe nilmber distribution ~ 

and th~ arit.bmetig mean. of the surface distribution da of 

10 the primary particles is at least:. 0 .1 • . 

The tenns primary and seconda:cy particles or:ig-inate from 

th~ pyroqenic production of the alkali-doped silica. In a 

pyroqenic proC?ess f~r the prod~ti9n·: of doped and undoped 

silica, the so·called primary ~tiblea initia1ly have a 

15 Size Which is dependent on the reaction. parameters Selected 
. .~· ;: : 

and which is appoximately from. 5 ~ tc;i:'.40 !llll. The size of 
• 

said primary particl.es may be det~ned. for example, .by 

TFK pictures. The primary partic1ie~ are not, however, 

present in the isol.a.ted form but interqrow to aqqre:;ates.,. 

20 or join toqethe:c to foxm aqqlomerates Which are described 

hereinafte~ as secondary particleB. 

The quotient dn/da in the alkali-doped silicas of at leai1t 

0.7 describes a markedly narrower particl.e size 

distribution than in an undoped silica p_:J:"oduced by 

25 PYl='09"enic means. The (ltlotient do.Ida. in a sil~aa produced by 

pyrooenic means with a BET surface of 130 m2/q (Aerosil 

130.,. Dequssa AGJ is o.sa. 

'rhis dispersion has a greater stabi11ty than a CQl\Parab1e 

dispersion prepared accordinq to the prior art but wi.thout 

30 alkali onde doPinq. Greater stability of the doped 

dispersion means that the time at which the disperaion 

:lncreases in viscosity, gels or settl.es ooeui:-s later than 

in dispersions with undope4 silica. 
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It also became apparent that the tilri~ for incorporating the 

alkali-doped silica produced by pyroqenic means is shorter 
than without dopinq. 

This result is surprising because aqueous dispersions 
5 containinq silica produced by py::ci;)qenia means may be 

stabilised anyway, according to tji'e p~ior art, by the 
addition of alkali or an.other ba~ie substance. Potassium· 

... 
doped silica has a m.odif ied aqqreqate or agqlomerate 
structure compared with undoped s._i1ic:a. The d.Opinq 

10 substance is hamoqeneo\J.sly j,;~corpo:i:ated, that is, the 

alkali is situated. both inside the particJ.e and an the 

surface. For this reason, a diSP,ersion which contains 
alkal..i.-doped. si1ica and alkal_i . (i:.iffers cl.early from one 

which contains undoped silic~ .. :~d alkali. In the case of 

15 alkali-doped si1ica.. this d~ff eren.t structure leads to more 

rapid incorporation, a lower ;eaq11,lomeration tendency, and 
hence to qreater stability o~f the: :aqueous dispersions. 

I 

In the case of sili.ca produceQ.-~y pyroqenic means and doped 
by means of aerosol~ the doping' .·compo:nent is fed into the 

20 £1ame, of the kind used in the known way fer the production 

of pyroqenic oxides by flame hydrolysis,in the form of an 

aerosol, for example, in the form of an aqueous solut;ion of 
alkali ch1orides. This prooess is described in 
DE-A-196 50 500. The aerosol is mixed homoqeneously prior 

25 to the reaction with the gas mixture of f1ame oxidation or 
flame hydro1ysis, s.i1icon tetrachloride,. hyckoqen and 

oxyqen. ~e aerosol·qas :111ixture is allowed to react in a 
f1ame ~ the resultinq doped silica produced. by pyrogenic 
means is separated from. the qas stream in the known way. 

30 The startill'J product of the aerosol is a salt solution or 
suspension containing the component of the dopinq 
sul>stance. I>urinq the qenesis of the pyr09enic oxide. the 
clopi.nq mediua is in the fine-particle £o:cn in the gas 
phase, so that hamoqeneous incorporation of the doping 

35 component in the siJ.ica produced. by pyrogenic means is 
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pos$ible. Consequ.ently, the aqgreq~te or ~gglomerate 

structure of the pyroqenic silica t• aiso influenced. 

The deqree of dOpinq may be varied widely in the silica. 

prepared by the above process,. from 0.00001 wt.Iii to 

s 2 o wt.%. !n the uae for the pret>aration · of an aqueous 
....... 

dispersion accordinc;, to the pre~Em.t .invention, the degree 

of dopinq is preferabl.y f .. X'Olll 1~· ppm to 10 wt.!&,, 

particularly preferably iJl the:ranqefrom 300 ppm to 

2 wt.~. 

10 The :aE'l" surface of the al~li-doped silica in a preferred 

embodiment of the invention ~s from 5 to 600 m3/g. A ra.nqe 

from SO to 40p m~/q is p~rtieu~ly preferred, in which the· 

dispersion elChibits good-.atab~lity and the preparation of 

the a.lka.li-doped silica. is ·· tetrlmica11y simple to carry out. 
. . 

15 The solids content of the dtspe~"ion con.taininq alkali· 

doped silica depends pr~~ly o~ the intended use. In 

order to save on transport;~~sts, a dispersion with the 

hiqhest possible solids content is desirab1e, whereas for 

certain app1ications, such as, for example, for polishinq 

20 silicon. wafers, dispersions with low solids contents are 

used. 'l'he range frOin 0.1 wt.~ to "10 wt."1 is preferred 

aocordinq to the invention, the ranqe from l wt.% to 30 

wt.% being particularly preferred. In these ranqes, tbe 

alka.1i-d0ped disper~ion shows good stability. 

25 Due to the fact that the s:i.lioa is doped with alkali, the 

plt of the dispersion is higher than in an u.ndoped one~ from. 

about 5 to 8 depending on the deqree of doping (pH of the 

four percent dispersion). The dispersion may be used such 

as it is, for example, for polishinq. As in the· case of 

30 die1persions containing undoped si1ica, however, the 

viscosity in this case is markedly increased in a pR range 

from aci<l to s1iqht1y a1ka1ine. Aclcordin9 to a pref erred 

embodiment of the. invention, the pH of the dispersion is 

adjusted to a value from 8 to 12 by addinq alkal~ 
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hydroxides OJ:' amines. pota.ssiwtt .. hydroxide and annonia or 

alIIIllonium hydroxide beinq partiauiarly pref erred. This leads 

to a ma~ked ~tabilisation of the dispersion, and 

ocndensation reactions of the silica are thereby avoided. 

5 Accordinq to DE-A-196 50 500.~ .all alkali metals are 

suitable for dopinq silica p¥oduc~d by flame oxidation or 
£1.ame hydrolysis. DOpinq with potassium is, however# 
particular1y preferred. When~potassium salts are used as 
the dopin9 component, ~ st~ature alters decisively, that 

10 is, the deqree of ·interqrowth :and also the morphology {that 
is, the appearance) of.the primary particles. ln potassium­

doped silica. this chanqe in moJ:Pholoqy starts at a 

potassium .content of morie .t~ 300 ppm. 

suxprisinqly. the pyrogeli:iO-oxides doped ·in this way with 
15 potassium exhibit spheric:'1 ~:und primary pe.rticl.es with 

only very litt1e inte~q~h_¥n the electron micrograph, 
which aiso manifests its~lf in the fact that no end point 
is deteetabl.e when the s't;ucture is determined by the 
dibuty1 phtha1ate method (DBP method). 'l'he potassium. i.s 

20 uniforml.y distributed in the doped pyrogenic oxides .. This 

cannot be seen on the e1ectron microqrapbs. 

Fi911re 1 shows an el.ectron micrograph of a silica produced 
by pyrogenic. means without doping (Aerosil 130,. Dagussa). 

Fiqure 2 shows an electron m!croqraph of a silica produced 
25 by pyroqeni~ means and <loped with 0.44 wt.% Potass.ium, with 

a specific surface. (Bm')of 131 g/m.2 • 

The invention al.so provides a process for the preparation 
of the dispersion containing alkali-doped silica. 

Dispersion methods suitable for this pu.xPQse are those in 

.Jo which a sufficiently high energy input permits dispersion 

of even very hard and highly aqqreg"ated materials. These 

include systems operatinq on the rotor-stator principle, 
for example. llltra-Turrax machines or aqitated bal1 mil.ls. 
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Hiqher enerqy input is possible with a planetary 

keader/mixer. The effectiveness of this system is 

assocti.ated, however, with a sufficiently high viscosity of 

the treated mixture in order to introduce the requisite 

5 hiqh shear enarqies for breakinq down the particles. 

When doped oxide particle~· 'are . qround a.nd dispersed, there 

is a risk that the dopaut~--will became detaahed durinq 

qrindinq and dispersion. ·l:f the dispersion .is to be used in 

the CMP process as a poli~hinq a..qent. this leads to uneven 

10 polishing results. 

l:t b.af!I now been found that.aqueous dispersions oontaininq 

a1kali-doped silica particles which are small.er than 100 nm 

and in which the dOpali~"4oes not become detached may be 

obtained with hiqh-preissure hamoqenisers, hereinafter also· 

15 called wet-jet-lllill.· 
.. ,: 

:In these de.vices. two j~re-~dispersed streams of suspension 

under a pressure of up. _to 3500 ksJ/CJJa2 are depress.u:rised by 

means of a nozzle. Both. ·dispersion jets strike each other 

exactly and the particles qrind themseives. In another 

20 embodi.nlent, the pre·dispersion is likewise placed under 

hiqh pressu:ce, but the collision of the partic1es takes 

place aqainst armour-plated wa11 reqions. 

said devices have been used hitherto only for the 

dispersion Of undoped oxides such as zi.l'lc oxide. silica, 

25 aluminium oxide <UK-A~a 063 695~ BP·A-876 841. 

EP-A-773 270. WO 00/172 282 Al). The qrindinq and 

dispersion of doped oxides with· these devi.ces has not been · 

described hitherto. 

The invention also provides the use of the aqueous 

30 dispersion of alkali-doped silica for planarisinq semi· 

conductor substrates or layers awli.ed thereto. A 

mioxoscratC!h-free surface· may be obtained rith the 

aispersion of alkali-doped silica with a hiqh rate of 
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polishinq. Moraover, said dispersions are suitable for· the 

preparation of very fine·partiole surface coatings· in the 

paper sector. or as a ra~ material in the cosmetics and 

qlass sector. 

,_.· 

..... 
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Method.a of analysis 

The particle size distribution dn/da of the primary 

pcixticle.s in the solid was dete:rmined by countinq the 

5 particles f ram the· electron mio"roqrapbs. 

'l'he averaqe secondary: .. ·particle size in the dispersion was 

deteJ:mined with the z$tasizer 3000 HSa fran Malvern. 

The surface.of th~ powders used was determined bY. the 
method of s. Brunauer. P.H. Emmet and I. Teller, J. Am. 

10 Chemical society, volume 60, paqe 309 (1938) and is 

qenarally.ial0wn as. ~~ BE'I' surface. 

The v.iscosity of . .f.:iiS·: dispersions produced. was determined 

with a rotational rheoiii~ter from Physiaa Model MCR. 300 and 
~- . ·• 

the cc 27 cup •. Th~' vi$¢:~sity value was determined at a 

15 shear rate 0£ soo!11s~~- This shear rate lies in a ranqe in 
which the viscosity is practically independent of the shear 

stress. 

'l'he sediment formation was assessed by a visual assessment 

in a 1000 ml wide-:ni.outh polyethylene bottle after a 

20 stanclinq time of one week. Any sediment present may readily 

be detected by carefully ti1tinq the bottle. 

The synthesis of the potassium-doped silica particle~ was 
carr~ed out in accordance with DB·A-196·50 500. 

Preparation of potaaa:i.um-4~ silicsa (JC content 0.44 wt..%, 

25 aa LO) 

4 .. 44 kq/b of SiCl-1 were evaporated at about 130 oc and . 

transferred to the central tube of the burner of knolm 

desiqu in accordance with DE 196 SO 500 A1.. In addition, 
4. 7 Nm3 /h of hydrogen and. 3 .. 7 lillu3 /h of primary air and 

30 1."J-5 Nm3/h of oxyqen were fed into this tube. This gas 
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mixture flowed out o~_:the inner burner jet and burned in 

the-burner .space of the water-cooled flame tube. 

In order to prevent cakin9, an additional o.s Ntn3/h 

of (secondary) hydrogan and 0.3 Nm3/h of nitiroqen we:r:e fed 

5 into the jacket jet surrounding the central jet. 
•.',:,. 

About 1 a Nm.3 /h of ~ir were also drawn in from. the 

surroun.dinq~ into:~ the f la.m.e t.ube which was under a pressure 

Bliqhtly he1ow a~spheric. (Open burner method.) 

The sec:=o.na <;Ills. compOnent, which was introauced into the 

10 axial tube, consisted of an aerosol qeneJ:"ated from a 12. 55 

percent aqueous·~tassium chloride .solution. ~ two­

·Cot4ponent :n~:n!~z.les· yielding an atomisation capacity of 

255 q/h of a~~o~pl acted as the aerosol qenerator. This 

aqueous eal.t· ·aeroso1 .was passed through externally heated 

15 l.1nes by means/of 2°/Nm.3/h of carrier air and left the inner 

nozzle at an ~tlet'te111Perature of about 180 o.cw The 

aeroJ:>o1 was iJii.t~duaed. into the flame. 

After flame hydro1ysis, the reaction qases and the 

resul.tinq potassium-doped si1ic::a were drawn throuqh a 

20 coolinq systelll in a known manner by applyinq a pressure 

below atmospheric, and in so doinq the partiale/qas st:ream 

was cooled to about 100 ac to 160 11c. The aoli.ds were 

separated £ran the waste qa.s stream in a fil.l:'.er or cyclone. 

The potasaium-doped. silica. was obtained in the fonn of a 

25 wh.i.te. fine-particl.e powder. In a £urther step,. 

hydI:ochloJ;ic acid residues still adhering w~ removed at 

elevated temperature by treatment with air oantain.inq water 

vapour. 

The analytical data of the pota.ssiUltl·doped silicas prepare4 

30 in this way are reproduced in Table 1. 
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'?ab1e 1: Analytica1:. a.at.a of the potassium.•doped •ilicaa 

No. BET Potassium content wt.~ Primary particle 

m"/q (as KzO} .· size distribution ~Ida 
5 

l 131 0:.44 0_94 

2 121 o.49 0.81 

3 104 o·.12 0.78 

4 113 0.24: o.so 

10 s 120 .~·o .6.9 0.86 
·' 

6 117 .. .1.18 0.84 
·=. 

··:.= 

Prepara.tion:bf diaperaion.a 
. l 

Kethod A: 3~ ~ of deionised water and 104 q of 30% KOH 
-

15 solution were ·p1aaed in a 60 l refined steel preparation 

vessel. Usinq a dispersion and suction mixer from Ystral 

(at 4500 rpm.), 16.S kg of the silica doped with 0.44 wt.% 

potassiUI\l as prepared above and were drawn in by suction 

and rouqhly predispersed. This predispersion was suppo~ted 

20 by a z 66 type rotor/stator continuous·flaw homoqeniser 

from Ystral with four processsinq rinqs, a stator slot 

width of 1 mm and a speed of 3000 rpn. After the 

introduction of .the powder, dispersion was canpleted with 

the Z 66 type rotor/stator.continuous-flow homoqeniser from 

25 Ystral at a speed of 11,500 :cpm. Du:rinq this 15 minute 

dispersion at ll,500, the PR was adjusted to and kBpt at pH 

10.5 by addinq more KOH solution. A futher 779 q of KOH 

solution were used in so doinq and a solids concentration 

of 30 wt.% was obtained by addinq 1 .. 5 kg of water. 
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Instead of the ~tassium-dcped silica, dispersion was also 

carried out according to method A for Aerosil 130 (BET 

gu~face 130 m2/q) from Degussa. 

Method. St About lla.lf of the dispersions obtained, by method 

5 A were qround.-.with a wet-jet-mill, Ultiraa.izer Syatem f:rom 

suqino Ma.oh.in~ Ltd~, HJP·25050 mod.el, at a pressure of 
. . 

250 MPa and with a diamond jet diameter of O .3 mm and two 

mill passes. \. 

In tota~, three dispersions were prepared for polishing 

10 purposes: 

15 

.. • .. ·· 

Dispersion .. ii si1ica doped with 0.,, wt.Iii. potassium, 

' ., · dispersed by method B; solids content 

/ l,() wt.Ill., pH 10 .. S. 
:~·. p.: -~ 
• Diapersiop.-2: silica-doped.with 0.44 wt..96 potassium, 

;. dispersed by method A;i solids content 

30 wt.%, pR 10.5. 

Dispersion 31 Aerosil 130, Dequ.ssa AG, without X-dopinq; 

dispersed by method B; so1idS content 

30 wt.%, pH 10.S. 

20 Dispersion 2, prepared by method A, exhibited a markedly 

higher viscosity and the fomation of sediment ·compared 

with dispersions 1 and 3 wb.ich were prepared. by method B. 

Further cuia.lytical data on theae dispersions are given in 

Table 2. 
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Table 2: APal.Ytical. data of d.isperaiona 1 to 3 

Disp. 

1 

2 

3 

(1) at 

•':·::: 

Arithmetic means of 
secondary particle 
diameters in the 
diapersion 
~er Volume 
[ii.Bi] [lllllJ 

49 71 

77 142 

100 140 

so~· .. 1/sea 

Viscosityc1> 

[mPae1 

7.5 

5{) 

15 

Sediment 

no 

yes 

DO 

The particfle size distribution of the primary particles 

does n~h·::alter due. to dispersion. 

. -:-: ::: ~· 

:tnco~atiQl;i in dispe:rsion/wett.ability: Considerable 

differJnces- ~n handling became apparent durinq the 

incorp6ra~ion of potassiwu-doped silica and Aerosil 130. 

'rh.e potassium-doped material could be incorporated within 

20 l. 5 h usinq the dispersion and suction mix.r from Ystral. A 

period of 2.5 h was required to incorporate the amount of 

Aerosil 130. 

Moreover, it was not possihle to predisperse the entire 

amount of Aerosi1 130 only with the z 66 type rotor/stator 

2 5 continuous· flow homogeniser from Ystral. Prem a 

concentration of about 20 wt.%, it was no lonqer possible 

to draw in .Ae.nlsi1 ilO by suction due to the hiqh viecoaity 

caused by partial reaqqlomeration.. 'this behaviour was 

markedl.y less pronounced with potassium-doped si1i.ca 

30 dispersions. OD1Y when supported by the wet·jet·mill at 75 

Mpa. operated with recyclinq cou1d the viscosity be reduced 

aqain to $UCh an extent that further Aerosi1 130 material 

could be incorporated. 
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'!'he different rate of incorporation ma,y possibly be 

attributable··.to a different wettinq behaviour. 

To this end. an amount of 5-10 mq of the appropriate sample 

was placed carefuliy on the surf ace of a test tube filled 

5 with t:wi~e,.:.distilled water to a heiqht of 6 cm, care beinq 

takeu to .:~sure that there was no contact between the 

s~le sJJ,stance and the qlass wall of the vessel. 'In order 

to determ~ne the rate of wettinq, the time taken for the 

sampl,e to sink completely was measured. The test was 

1Q repeated three times in each case .. 

It wa~ .o~served that all the samples became thorouc;Jhly 

wette~_immediate1y after being Plaged on the surface of the 
. :;·-· 

water. CQmplete wetting is considered to be the time taken 
. . 

for t~e saiilt>ie to come into contact with water to such an 
" .:f r

0 

• 

15 exterit that it becomea; detached fran the surface of the 

water ~and sinks to the bottom. 

'l'he wettinq times of potassiuin-doped silica vary with the 

potassiw:n dopi09. They are substantially Shorter than for 

undoped silica (Aerosil 130) (Table 3). 

20 -Tab1e 3 s Wetting t:bbes of potassium-daped siliaa. ti1 

Wt.% K (as ]tzO) 0.12 0.24 0.44 0.69 1.18 

Wetting time (s) 31 31 39 39 43 120 

(1) Mean of 3 maasurem.ents; (2) Aerosil 130 

25 POlishiD.q process 

· Dispersions used: Apart from dispersions 1 to 3, the 

fo11owinq camnerci~l1y available dispersions were a1so used 

for polishinqz 
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IClebosol 30N50 (Radel). solids content 30 wt.%, stabilised 

with a:imno~ia, pH 9. 5 

Klebosol 1501 (Rod.el), solids content 30 wt.~, stabilised 

with KOH, pH 10.9 

s semi·S~~rse.25 (Cabot Microelectronics). solids content 

25 wt.~, KOH-stabilised~ pH 11.0, diluted 1:1 with water 

. 10 

.Appara~1,t11: A P200 CMP cluster tool from Pater Wo1ters CMP 

Systems;· fitted with a E'M200 polishing ma.chine and a brush 

cleaner from Contrade was used fc~ the polishinq tests. 

C1ean~nq tests were carried out with water and with 

~:fa. • 
• .. ·= . ~·:·.: 

The polishinq head was fitted with a DF2CO backing film 

frq$ R.od~l# and the palisbinq cloth used.was q.n 

.::cci~ooi~a!V pad, also from Radel. The set of parameters 

15 li~~ed in Table 4 was used for the polishing p~oceas. 
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Table 4 i Set of parematers for the ·polishing prQcess ll> 

Force 

Contact point <21 

Back surf ace pressure, 

Back: 'surface pressure, 

oso~llation 
Chu~k speed 

Pollshinq disc speed 

1500 N 

190 mm 
internal r:s.t o kPa . 

externa1 m 10 kPa 

- 10 mm 
20 :rpm 

33 rpm 

10 ·. Disp~rsion flow rate 
Polishinq time 

180 ml/min 
60 sec 

1l '·Teinp&rature: about 25 •c; 2) 'the distance, i# mm, bet.ween. the 

-~~r~ of tb.e chuck Imel the Clentre of th,., palishintjJ diso (~amet:.er 0£ 

15 · .. · kiOtishinq disc 600 l\1111.); 3) a. two-zone Qhuc:k we.a used where, to improve 

the unifo:cdty eiljustnumt, b.ro regions ~ be t.reatetl .separately with 
_.:,. : . 

;;hack _.~face pressure; 

l.. 
: waferEI: ·200 zmn Si wafers coated with 1000 nm LPC'!VD 'l'EOS ,. ... 

(.670 12C, 750 ntrorr) • 

20 Bvalu.a.tion of the poliahinq results 

Rate of ram.oval. mid ncm.·unifOUlity: the rates of removal 

obtained with the dispersions and the non-uniformity were 

determined by measurinq the film thickness with an 

Ald.ospeed spectrophotometer from Zeiss. 49-point 

2 5 measurements were perfo:nned on the wafer with a 6 mm edge 

exclusion zone in each case. 25 wafers in each case were 

polished and evaiuated in order to determine the averaqe 

rate of removal. 

J:n vie>A of the pronounced·qellinq behaviour on the 

30 po1ishinq disc, it was not possible to achieve a stable 

polishing process capable of evaluation with diapersion a. 
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Only ·three wafers could be polished., the rate of removal 

beinq.balow that of dispersions 1 and 3. 

~he reaults are set o~t in Table 5 • 

....... 
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.irab1e 5: Poliahing resu1t:s,. 49·point :m.easurement.1:u 

Disp. 

1 

Disp. 

3 

Klebosol Klebosol SS 25 ' 21 

30N50 15Dl 

Removal 445 

5 .. : ~mu/min) 

355 287 326 353 

. -.·Non~Un.iT 

:· fo:rm~tyl!U 5. 5 

. (%) 

Particle 

6. 7 . 5.7 6.2 5.9 

10 number 1.81 176 171 178 176 

a.fter 

'. post-CMP<t> 

.· ... 
. . ..•. :. 

:!..5 

• f -

ti> Edqe exclusion zoue 6 mm; (2) Dilu~ea 1:1 lfith watar1 (3) Standard 

¥viat.icn. l sigma; t·U J?article •ize 0.25 - 1.00 pmt B:rushc:l.ean with 

: 2 • O!t ammo:n.ia 

;. Defeats: The examinations in respect of defects (scratches 

atJd particles) were caJ:"ried out visua.J.ly under a Haze lamp 

and with a Censor ANS 1.00 su:r:face particle counter 

2 O respecti ve1Y. 

The determination of the surface particlea after post-CMP 

cleeninq qives similar values for all the dispersions 

examined (Teble 5) • 

'!'he potasailllll·doped silica dispersion prepared by the wet-

25 jet-mill with an average particle size of less than 100 nm.. 

exhibits aditantaqes du;inq polishinq in terms of the rate· 

of removal and non-unifo:cmity oompared with d~spersiona 

based on co1loida1 si1ica Klebosol 30N50 and 1501, and 

compared with the SS25 dispersion based on pyroqenic 

30 sil.ica. With reqarcl to the defects brouqht about ou tb.e 
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surface Of the wafers during polishinq., the beha.viour Of 

the above·mentioned dispersions is almost equally good • 

: .. · .. . .· 

• 
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· Pa tent claims 

1. Aqueous dispersion con.taininq a .silica produced. by 

pyrogen!c means and al.ka1i-daped. by means of aerosol. 

characterised in that said silica~ in the dispersion, 

has an average particl.e diameter of the secondary 

particles of less than 100 mn and the quotient dn./~ of 

the arithmetic mean of the number distribution ~ and 

the aritbmetic mean of the surface distribution da of 

the pri111acy particles is at least 0.7. 

2 ~ Aqueous dispersion according to claim 1. characterised 

in that the alkali content of the doped silica is from 

10 ppm to 10 wt.%. 

3 • .Aqueous dispersion acoordinq to claims l or 2, 

c:haraoterised in that the BE'l.' surface of the a1kali­

doped silica is from 5 to 600 m2 /q. 

4 • Aqueous dispersion accordinq to claims 1 to 3, 

character:l.aed in that the ESOlids content is from 

0.1 'lft.15 to 70 wt.%. 

5.Aqueous dispersion accordinq to cl.aims 1 to 4, 

cha:r;a.oterised. in that the dispersion has a pa from 8 

25 to 12. 

30 

6.Aqueous dispersion aocording to ciai.l:nls 1 to 5, 

characterised in that the alkali component used is 

. potassium.. 

7.A process for the preparation of an aqueous di.spersion 

accordinq to claims 1 to 6." characterised in. that the 

alkali-doped sil.ica produced by pyroqenic means is 

dispersed in aqueous solution by means of a hi.qh energy 

35 input. 
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8. A process for the preparation of an a.quecms dispersion 

accordinq to claim 7, characterised in that, in order to 

disperse an alkali·doped silica in an aqueous i;o1vent, a 

device is used in which the particles to be dispersed 

are under a pres$ure of up to 3500 kq/Cll\2 , 

depressurised by means of a nozzle and oo11ide with one 

another or aqainst wall reqions of the device. 

9 .. '!'he use of the aqueous dispersion. accordinq to claims 1 

to 6 for pla.narisinq semi-conductor substrates or layers 

applied thereto, for the production of fine·particle 

surface coatinqs in the pa.per sector, and in the 

cosmetics and qlass sector. 


