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PROCESS FOR PRODUCING POLISHING COMPOSITTION

The present invention relates to a process for
producing a polishing composition. More particularly, it
relates to a process for producing a polishing
composgition suitable for planarization in production of
semiconductor devices, especially for planarization of
insulating interlayers.

Progress of so-called high-tech products including
computers has been remarkable in recent years, and parts
to be used for such products, such as ULSI, have been
developed for integration and high speed, year after year.
Along with such progress, the design rule for
semiconductor devices has been progressively refined year
after year, the depth of focus in a process for producing
devices tends to be shallow, and planarization required
for the pattern-forming surface tends to be increasingly
severe. Further, to cope with an increase in resistance
of the wiring due to fefinement of the wiring, multilayer
devices with shorter wiring have been employed. However,

the irregularity in the surface level of a pattern formed



after year, the depth of focus in a process for producing 15 devices

t'ends to be shallow, and pl anarization required for the
pattern-formng surface tends to be increasingly severe. Further, to
cope with an increase in resistance of the wiring due:to refinenent of
the wiring, nultilayer devices with shorter wiring have been enpl oyed.
However, 20 the irregularity in the surace level of a pattern forned

- 2- has become problematic as an obstacle to multil ayer devi ces.

Surface pl anahasabeonméopreblemnatid oms @n tdstacle itor sgutalByeri s necessary
in production of refined 5 multilayer devices, and for planarization,
spi n-on- gl assdevicesresi st-etch-batch and other planarization nmethods have
been used. These nethods can achi eve regional planarization but
have difficulty if8uatacevphanatiobatiqu dfon ieddmioation ofefbered for
advanced devices. Therefore, planarization is domnantly carried out
by chenical nérheghdarity ispoettessany (Hemsiadatdonr efereédaned as QW)
which is the conmbi nati on of mechanical polishing and cheni ca
5 multilayer devices, and for planarization, spin-on-glass,
resist-etch-batch and other planarization methods have
been used.
These methods can achieve regional planarization but
have difficulty in achieving global planarization
10 required for advanced devices. Therefore, planarization
is dominantly carried out by chemical mechanical
polishing (hereinafter referred to as CMP), which is the
combination of mechanical polishing and chemical
polishing.
15 For CMP, a suspension (a polishing compositions,
generally called a slurry) containing abrasive grains and
some chemical components in water is usually used, and as
the abrasive grains, alumina, ceria, silica or the like
is usually used. Among them, alumina and ceria are
20 likely to precipitate in polishing compositions due to
their large specific gravities and therefore have a
problem in dispersibility. They are also likely to form
aggregates in polishing compositions and have a drawback
that they often leave many polishing defects (hereinafter
25 referred to as scratches) on the surface of a polished

object.

Gilica is classified as colloidal silica, fumed



polishing. 15 For CWMP, a suspension (a polishing conpositions,

generally called a slurry) containing abrasive grains and sone

chem cal conponents in water is usually used, and as t he abrasive
grains, alumna, ceria, silica or the like is usual ly used. Anpbng
them alumna and ceria are 20 likely to precipitate in polishing
conpositions due to their large specific gravities and therefore have
a problemin dispersibility. They are also likely to form

aggr egat es i nSpairghpng ebhpvsi arermding Vit RireiMsddion procasd. t hey
often | eave nanﬁ pQIishing,defects (hereinafter 25 referred to as
scrat ches) onCehéoddpilasélefaalipoyensiailly profjead by growing Silica is

classified as colloidal silica, funed . L . )

- 3- si | | ParAAgleehef subbEar HinR) Tl iakdek dtiddiqaoPhfedeess by ion
Colloidal silica is generally produced by grow ng, particl es of
ultra-fine coPkshgasesPEi eadophashkiraie ign by acid @rafd&adft sodi um
silicate or by acid or alkali 5 hydrol ysis of _an aIkostiIane. Col | oi dal
silica prodluc ydrolysis of an alkoxysilane. Colloidal silica produced

by these wet methods is usually available as a slurry
containing ﬁrimary particles or secondary particles
dispersed in water. Therefore, colloidal silica shows
excellent dispersibility as abrasive grains in polishing

10 compositions but imposes a limit on the mechanical stock
removal rate. On the other hand, fumed silica is
obtained by burning silicon tetrachloride, hydrogen and
oxygen. Fumed silica obtained by the vapor phase method
is in the form of secondary particles having a three-

15 dimensional chain structure made of several to dozens of
concatenated primary particles and is characterized by a
relatively low metal impurity content. When fumed silica
ig dispersed in water in the process for producing a
polishing composition, it does not completely

20 disintegrate into individual primary particles and
therefore can realize an excellent stock removal rate in
mechanical polishing.

Some polishing compositions using fumed silica as
mentioned above have been proposed, for example, by the

25 inventions disclosed in JP-A-3-60420 and JP-A-3-50112,

The aqueous colloldal dispersion of fumed silica

disclosed in JP-2-3-60420 (hereinafter referred to as



by these wet nethods is usually available as a slurry

cont ai ni ng

primary particles or secondary particles di spersed in water.
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referred to ak0 ralse the pH of the dispersion to about 7.

The aqueous colloidal dispersion of fumed

(hereinafter
0-12.0.

silica

disclosed in JP-A-3-50112 {(hereinafter referred to as

prior example 2) is a stable and non-dilatant

agueous

10 colloid dispersion containing no stabilizer and about 35

wt% of fumed silica dispersed in water.

Both prior art examples 1 and 2 are aimed at

providing low-viscosity and non-dilatant poli
compositions with excellent dispersity which
15 enough not to gel in at least 1 day.

The present inventors tried preparing pol

shing

are stable

ishing

compositions using fumed silica, by following prior

examples 1 and 2 mentioned above, under the c

. recommended therein.

onditions

20 However, in any cases, fumed silica aggregated in the

course of their production, and the resulting

compositions turned into gels in extreme case

s and were

unsuitable for production of semiconductor devices. They

tried again under conditions which suppress a
25 and gelation, namely, at the minimum silica
concentrations in prior examples 1 and 2, but

polishing compositions obtained underwent agg

ggregation

the

lomeration



-4- prior exanple 1) is an aqueous colloid dispersion cont ai ni ng
fumed silica, an acid and a stabilizer and contains at |east about 40
wt % of funmed silica dispersed in water, from0.025 to 0.05 wt% based
on the funed 5 silica, of an acid and such an anount of a stabilizer as
to raise the pH of the dispersion to about 7.0-12.0. The aqueous
col | oi dal dispersion of funed silica - 5disclosed in JP-A-3-50112
(hereinafter referred to as prior exanple 2) is a stable and
non-di | at ant aduéousd &$0liokl of dyell stpisorsiiomeshmtailyl maftes shebirl i zer and
about 35 wt % of funed silica dispersed in water. Both prior
art exanpl es prepdratioe andedene found pgroohaiundavorabilecupiony and
non-di | at ant pol i shi ng conpositions with excellent dispersity which
are stable 1BPoémnshyhgnduet bogbdrmatinm lafagtany d¢ayatches and The present

i nventors tried preparing polishing conposi tions using fumed silica,
by follow ng pretabilityexanphesstocind-emausit izated above, under the

condi tions reconmended therein. 20 However, in any cases, funed
silica aggr egat edThe phesent immntywsofsnawilater egutheorneasns €he Ebsul ting
conpositions turned into gels in extreme cases and were unsui tabl e for
production of 1BERRRaAHEYt2? BRI, They

Because fumed silica is usually in the form of
secondary particles having a chain structure with
relativeiy hydrophobic surfaces, it can not adjust itself

10 to water soon. However, if it is kept in contact with
water, hydroxyl groups form on the surfaces and turn the
surfaces hydrophilic. However, after the adjustment to
water, the hydroxyl groups thus formed join (presumably
by hydrogen bonding or reductive dehydration)}, and

15 gelation eventually occurs. Therefore, polishing
compositions prepared by following prior examples 1 and 2
mentioned above certainly can keep stable dispersity for
a short time but can hardly keep it for a long time. In
short, in the inventions as prior examples 1 and 2

20 mentioned above, due to the lack of a step for
stabilizing the surfaces of fumed silica as abrasive
grains under acidic conditions, the instable state of the
surfaces presumably promotes the gelation of polishing
compositions.

25 The present invention has been made to solve the
above-mentioned problems and aims at providing a process

for polishing compositions with excellent polishing



tried agai n under conditions which suppress aggregation 25 and gel ati on,

nanely, at the mnimmsilica concentrations in prior exanples 1 and
2; but the pol i shi ng conpositions obtained underwent aggl oneration

- 5- of fumed silica or gelation imediately after their

preparation and were found to be unfavorabl e upon pol i shing due to
formati on of many scratches and inst@bility in the stock renoval rate.
5 The present inventors speculate on the reason for the

i nstability asefbbtmamce which kedechuss faitddasialsi ebrasiveugkbynén t he

f or m of secondary particles having a chain structure with

rel atively hydispbobed Sorfackspgitimmn not adjust itself 10 to water
soon. However, if it is kept in contact with wat er, hydroxyl groups
form on the surfaéedennthe laotdranentiormd fcdgwsimsygdnophi | the ploeeert, after
t he adjustnent to wat er, the hydroxyl groups thus forned join

(presumably invehyohy deoyduc behdixiermive diessarehdehddhavieofipundndut 15
gel ation eventually occurs. Therefore, polishing
5 the necessity of a technique which creates surface
conditions which suppress aggregation of fumed silica or
gelation of polishing compositions for long time stable
dispersion of fumed silica, and established the technique.

Namely, the present invention provides a process for

10 producing a polishing composition, which comprises adding
fumed silica to water preliminarily adjusted to pH 2-4 to
a concentration of 40 to 60 wt% under high shearing force,
adjusting the viscosity to 2-10000 cps with water,
stirring the mixture under low shearing force for at

15 least 5 minutes, adding water to a fumed silica
concentration of 10-38 wt%, and adding a basic substance
under vigorous stirring to a pH of 9-12.

The process for producing a polishing composition of
the present invention is preferably characterized in that

20 the polishing composition is used for planarization of
the surface of semiconductor devices.

Further, the process for producing a polishing
composition of the present invention is prefgrably
characterized in that hydrochloric acid 1s used as an

25 acidic substance for the pH adjustment to 2-4.
\

The process for producing a polishing composition of

the present invention is preferably characterized also in



conpositions prepared by followi ng prior exanples 1 and 2 ment i oned
above certainly can keep stable dispersity for a short time but can
hardly keep it for a long tinme. In short, in the inventions as prior
exanples 1 and 2 20 nmentioned above, due to the lack of a step for
stabilizing the surfaces of funed silica as abrasive grai ns under
acidic conditions, the instable state of the surfaces presunmably
pronotes the gelation of polishing conpositions. 25 The present

i nventi on hastheenthadfuned solVicd s a spaled\fdcnentfanedapeabbEnframd ai ns
at providing a process for polishing conmpositions with excell ent

po!ishing 70 to 110 nﬁ/g and a bulk density of at-ﬁeast 70 petd ardnce
whi ch keep funed silica as abrasive grains di spersed for a long tine.

Under the abous-despeosed omrichersdatexes, the present i nventors
conduct ed extensive research and have found out 5 the necessity of a
t echni que whi ch cTeatesocesd ater produrdmdi i podishioh soppressiaggefgati on
of funmed silica or gel ation of polishing conpositions for long tine
stabl e 5 dtbpepsésenofitvend i i predfetaddvaibhesheterheedefunthes.
in that potassium hydroxide or ammonium hydroxide is used
as the basic substance.
The process for producing a polishing composition of
the present invention is preferably characterized still
10 further in that the addition of the basic substance under
vigorous stirring is followed by filtration through a
filter with a pore size 6f at most 10 um,
The process for producing a polishing composition of
the present invention is preferably characterized further
15 in that the fumed silica in the polishing composition has
an average aggregation particle diameter of from 100 to
180 nm.
The process for producing a polishing composition of
the present invention is preferably characterized further
20 in that the polishing composition contains not more than
500000 per 0.1 ml of agglomerates not smaller than 0.5 u
m, when it is newly produced.
The process for producing a polishing composition of
the present invention is preferably characterized further
25 in that the polishing composition contains at most twice

as many agglomerates not smaller than 0.5 um when it is

left stand at room temperature for 30 days as when it is



Nanely, the present invention provides a process for 10 producing a
pol i shing conposition, which conprises adding . funmed silica to water
prelimnarily adjusted to pH 2-4 to a concentration of 40 to 60 w %
under hi gh shearing force, adjusting the viscosity to 2-10000 cps with
wat er, stirring the m xture under |ow shearing force for at 15 |east
5 mnutes, adding water to a funmed sili<cag - concentration of 10-38 wt %
and addi ng a basi c substance under vigorous stirring to a pH of 9-12.
The process faewyoguotinged. pol i shing conposition of t he present
invention is preferably characterized in that 20 the polishing conposition
is used for plandpwzathenppésent imhentsiod aciel lofbes @ldszomnidectior dédwaiides.
Further, the process for producing a polishing conposition of the
present invenThenfbdlpwifigrdebyriptiorn hias aottesridest tion fisledtl ifppdieochl ori ¢
acid is used as an 25 acidic substance for the pH adjustnent to 2-4.
The process fondpretdandnggachoths preseunposidritdomf and byt e preassnt
invention is preferably characterized also in
-7- 5 restricts the present invention.
In the present invention, as the abrasive grains in
the polishing composition, fumed silica having a specific
2 .
surface area of from 70 to 110 m /g and a bulk density of
at least 70 g/L is used.
10 In the present invention, the specific surface area
is measured by a so-called nitrogen adsorption method
(BET method), and this surface area represents the
primary particle size. Namely, the primary particle size
of the fumed silica in the present invention can be
15 obtained by the formula, primary particle size =
2727/ (specific surface area), and the surface area of
from 70 to 110 nﬁ/g corresponds to the primary particle
size of from 24 to 39 nm. The specific surface area or
the primary particle size greatly affects the polishing
20 performance. Therefore, a polishing composition prepared

by the process of the present invention by using fumed
silica having a specific surface area of from 70 to 110
nﬁ/g can attain a high stock removal rate and minimizes
formation  of scratches.

2
25 If the specific surface area is smaller than 70 m /g,

in other words, if the primary particle size is larger

than 39 nm, though a sufficient stock removal rate can be



that the funed silica has a specific surface area of from 70 to 110 m

/g and a bulk density of at least 70 g/L and Is dispersed in the

wat er . The process for producing a polishing conmposition of 5
the present invention is preferably characterized further i n that

pot assi um hydr oxi de or ammoni um hydr oxi de i s used as the basic

subst ance. The process for produyci-ng a polishing conposition of
the present invention is preferably characterized still 10 further in that
the addition gtthhgebasserstdiséancendindebe formeidgandasostbiyi nglfs
followed by filtration through a filter wwth a pore sipze of at nost 10
[err]m the 3PEcPrOEesSrifte RrIGING axdedl ithlanng 10onpog) timn of

the present invention is preferably characterized further 15 in that the
fumed silica behebewpoplis shi Agtlvomposidmomparsicle siae dsesmgéleygbbgation
particle diameter of from 100 to 180 nm The process for
produci ng a pski alj nthoagposctatochad are haddlyprfesmed,i thenstonki s
preferably characterized further 20 in that the polishing conposition
contai ns npt memevahanate is5SDBOCOctperaldyl Iviw.of aggl onerates not snall er
than 0.5 [err] m when it is newy produced. The process for
produci ng a pol i sihngheoppesént cimwsntion, tihe pudkedensatgnteansi she
preferably characterized further 25 in that the polishing conposition
cont ai ns at nwetghti per volume of fumed silica simply put into a
container. Phenomenally speaking, the bulk density
indicates the degree of clustering of primary particles
10 of fumed silica. A low bulk density indicates that they
cluster sparsely, and a high bulk density indicates that
they cluster closely.
In the process for producing a polishing composition
of the present invention, the bulk density, namely the
15 degree of clustering of primary particles, of fumed
gilica affects the step of dispersing the fumed silica
and the quality of the resulting polishing composition.
Because fumed silica having a bulk density of at least 70
g/L readily adjusts to water and smoothly disperses in
20 water, such fumed silica readily crumbles and
disintegrate readily.
Though fumed silica with a bulk density larger than
120 g/L is not usually commercially available, such fumed
silica is presumed to readily crumble and disintegrate to
25 yield a good polishing composition. Because fumed silica

having a bulk density smaller than 70 g/L hardly adjusts

to water and does not disperse in water, such fumed



as many agglonerates not smaller than 0.5 [err]mwhen it is | eft stand
at roomtenperature for 30 days as when it is

- 8- new y produced. Now, the present invention will be
describe in detail. The foll ow ng description is intended to
facilitate under standi ng of the present invention, and by no neans 5
restricts the present invention. - 10l the present invention, as the
abrasive grains in t he polishing conmposition, funmed silic¢a having a
specific sklirdadmmilea afurbles o ddsib@egietel/ gndndan bel &ndensity of
at least 70 g/L is used. 10 In the present invention, the specific
surface area obstadbe neasuned ishing comgplosdd innt wagbngaddodpspens key hod
(BET nethod), and this surface area represents the primary particle

si ze. Nanel y,andergsultarin panrnad iensiofe scratcbesthe funmed silica in the

present invention can be 15 obtained by the formula, primary particle

size = 2727/ Trs peed fimocaes forr preduciagdat helsahingecampasstion  from

70 to 110 nferr]/g corresponds to the primary particle size of from 24

to 39 nm 5Theo$ pdue foresant dowemtdgnor firstly, water is preliminarily
adjusted to pH 2-4.

Because the source of fumed silica is generally a
chlorine-containing compound, most fumed silica contains
residual chlorine on the surfaces of or inside of the

10 particles. Therefore, as it is kept in contact with
water, the residual chlorine dissolves in the water and
eventually lowers the pH of the whole mixture. If the pH
were not lowered preliminarily, in other words, if waterxr
at a pH of 4 or more were used, the mixture of fumed

15 silica and the water would be neutral immediately after
the addition of the fumed silica, and the surfaces of
fumed silica would become terribly instable.
Conseguently, aggregation of fumed silica and ,in extreme
cases, gelation of the polishing composition, which

20 shorten the lifetime of the product or make formation of
scratches more likely, could happen. In contrast, when
water preliminarily adjusted to pH 2-4 is used, the final
state of the surfaces of fumed silica 1is very stable, and
aggregation of fumed silica and gelation of the polishing

25 composition can be suppressed during storage of the

polishing composition. However, pH adjustment to an

excessively low level, namely to 2 or less, is



the primary particle size greatly affects the polishing 20 performance.
Therefore, a polishing conposition prepared by the process of the
present invention by using funed silica having a specific surface area
of from70 to 110 m/g can attain a high stock renoval rate and
m nimzes formati on of scratches. 25 If the specific surface
area is smaller than 70 m/g, in ethgr-words, if the primary particle
size is larger than 39 nm though a sufficient stock renoval rate can
be undegirable because not only a ffoblem odt tarmedioscoét ches
tend to be formed unfavorably. If the specific surface area is |arger
t han 110 m / gthénproducbiderampastus fouthelmo paopleast ivl podsigking snal | er
t han 39 nm though scratches are hardly forned, the stock 5 renova
rate is inpraperfathgntew disposition mrchdamddsegt safesmt wonldt aeibeal k
density neans the wei ght per volune of fumed silica sinply put into a
cont ai ner. Phénenknathy seeaksty ahe Burdgedemounyg of a badicates the
degree of clustering of primary particles 10 of funmed silica. A |ow bulk
density i ridi cavestahae foeypH adjustment to 9-12 later on.
The pH adjustment to 2-4 can be readily accomplished
with at least one selected from nitric acid, acetic acid,
citric acid, tartaric acid, malonic acid and other acidic
substances and has an effect of stabilizing the surfaces
10 of the fumed silica in the polishing composition.
However, fumed silica as the starting material usually
contains residual chlorine, though slight, as mentioned
above, mixing with an acidic substance other than
hydrochloric acid creates coexistence of plural acidic
15 substances and therefore can make it difficult to adjust
the pH or can make the surfaces of fumed silica instable
due to coexistence of plural electrolytes. Therefore, as
the acidic substance for the pH adjustment, hydrochloric
acid is preferred.
20 In the present invention, though any of industrial
water, city water, deionized water, ion exchange water,
distilled water, pure water and ultra pure water may be
used as the water, water which is almost completely free
from impurities such as deionized water ,ion exchange
25 water, distilled water, pure water or ultra pure water is

preferably used because metal impurities are hated in

processes for production of semiconductor devices.



cluster sparsely, and a high bulk density indicates that
cl osel y. In the process for producing a polish
of the present invention, the bulk density, nanely the

they cluster

ng conposition
15 degree of

clustering of primary particles, of fumed silica affects the step of
di spersing the funmed silica and the quality of the resulting polishing
conposi tion. Because funed silica-hae ng a bul k density of at |east 70

g/L readily adjusts to water and snoothly di sperses in

20 water, such

funed silica readfhg pextbbespaid the process efprmateradeadingy a

Though funed silica with a bulk density |larger than

120 g/L is not

usual | y commepoeildakshyngveapipbbétisnchff tinedoresentsiinwemtiismprdesuned to
readily crunble and disintegrate to 25 yield a good polishing composition.
Because funedpsiepbacation ohaai fifjrat bmiktueashy yadiedd dramhd® 2@ @OL hardly

adj ust s to water and does not disperse in water, su
- 10 - swititc apirafargbtyufibbms4brtai 52 riwelyr atfestuared
obstacle to a polishing conposition with good dispersity
formation ®f wetsrcheeliminarily adjusted to pH 2-4.

ch funed
cdililoa &0 the
and result

The above-mentioned fumed silica concentration makes

sure that the resulting first mixture has little fluidity

and high viscosity. The mixture in such a s

stirred forcibly by external force, and the

tate is

resulting

10 high shearing force to the fumed silica partly cleaves

the three-dimensional chain structure of fumed silica

particles. As a consequence, the fumed silica

disintegrates and crumbles to aggregates having small

particle sizes.

15 If the fumed silica concentration were lower than 40

wt%, the secondary particles of fumed silica in the

resulting first mixture having low viscosity would not

receive high shearing force, and fumed silica would

hardly disintegrate or crumble. On the other hand, if

20 the fumed silica concentration were higher than 60 wt%,

the resulting first mixture would be substantially solid

and have no fluidity, and therefore fumed silica would

hardly disintegrate or crumble.

Then, water is added to the first mixture to give a

25

second mixture having a viscosity of from 2 to 10000 cps,
and the second mixture is stirred for at least 5 minutes

under low shearing force.

in



I'n the process for producing a polishing conposition 5 of the present

invention, firstly, water is prelimnarily adj usted to pH 2-4.

Because the source of funed silica is generally a chl ori ne- cont ai ni ng
conpound, nost fumed silica contains residual chlorine on the surfaces
of or inside of the 10 particles. Therefore, as it is kept in contact with
wat er, the residual chlorine dissolves-i n3the water and eventual | y

| owers the pH of the whole m xture. If the pH were not | owered

prelimnarily, inTbéhaddioids,of fwatadrerto the dtirstphistuteonffiordswere
used, the m xture of fumed 15 silica and the water woul d be neutral
i medi at el y afeepnd mixthee ablavingre dfowdre Visoed isyl whdchargdnt be surfaces
of fumed silica would becone terribly instable. Consequent |y,
aggregat i on oftfiuned sifleralemdshéaring rimre withoasegengehatngnhbdght he
pol i shing conposition, which 20 shorten the lifetine of the product or
make formati oahedring fgrecatehesherfundd kdllyicacouBy happemeatmagont r ast,
when water prelimnarily adjusted to pH 2-4 is used, the fina
state of the farfacestoisfimbendsd ithat $hemixdualel dasandviscosagyregati on
of funmed silica and gel ation of the polishing 25 conposition can be
suppressed dutPrgeBeeghgeo ofirtially shaw iddhisigadopgeperitdas However, pH
adj ustnment to an excessively low level, nanely to 2 or less, is
characteristic of the Newtonian fluid,” and fumed silica
keeps its average aggregation particle size without
suffering cleavage of the above-mentioned chain structure.
10 High speed stirring under such low shearing force permits
uniform dispersion of fumed silica in the mixture. In
the present invention, the viscosity is measured at 25°C
with a Brookfield viscometer (conditions: 30 rpm, spindle
64).
15 The point of this step is to stabilize fumed silica
preliminarily under acidic conditions by stirring under
the above-mentioned low shearing force. At least 5
minutes of stirring enables secondary particles of fumed
silica to disperse satisfactorily and stabilizes their
20 surfaces under the acidic conditions. Therefore, if the
stirring time is shorter than 5 minutes, the fumed silica
still has instable surfaces in the next step and yields a
polishing composition with poor dispersity.
If water were not added to the first mixture, or if
25 the viscosity of the resulting second mixture were higher

than 10000 cps, the secondary particles of fumed silica

would not disperse satisfactorily and would have still



undesi rabl e because not only a problem of corrosion of t he production
appar atus but al so problens in polishing performance, disposition and
handl i ng safety would ari se due to the necessity of a |arge anmount of
a basic 5 substance for pH adjustnent to 9-12 | ater on. The pH
adjustnment to 2-4 can be readily acconplished with at | east one
selected fromnitric acid, acetic acid;- 14 - citric acid, tartaric acid,
mal oni ¢ acid and other acidic substances and has an effect of
stabilizing thessabllacesrfdafesf tdme themedheirl headi ni€htheobesbndg
conposi tion. However, funmed silica as the starting material usually
cont ai ns resi vdxituckl badne, vibooghts | ignty tHmmeéhtdpengiie to agiddvaonni xi ng
wi th an acidi ¢ substance ot her than . hydrochloric acid creates
coexi st ence obfpkopatugbi water 180 sthystBicss miktutiesr dbhoughc &henake it
difficult to adjust the pH or can neke the surfaces of fumed silica
i nstabl e s¢gendsryopartiches of Hined|sidian msuldesispedissf ore, as
the acidic substance for the pH adjustnent, hydrochloric acid is
preferred.5 26atisfarporhéypreddmve miahiomutimesh abhe gesiudddscr i al
polishing composition would unfavorably have a fumed
silica concentration lower than 10 wt%, which is
inadequate for satisfactory polishing performance.
After stirring of the second mixture for at least 5
10 minutes under low shearing force as mentioned above,
water is added to the second mixture to give a third
mixture having a fumed silica concentration of from 10 to
38 wt, preferably from 15 to 30 wt%, and the third
mixture is adjusted to pH 9-12 with a basic substance
15 under vigorous stirring to give a the polishing
composition.
It is generally known that fumed silica dispersed in
water remains dispersed stably in the low or high pH
region, while it is instable in the neutral region and
20 aggregate, causing gelation of the polishing composition.
The present invention requires the above-mentioned step
to avoid such a phenomenon. Namely, the mixture is
changed in a short time from the stable state in the
acidic pH region of 2-4 into the stable state in the
25 alkaline pH region of 9-12 past the transitional instable

state (the neutral pH region) by adding a basic substance

as quickly as possible under vigorous stirring to prevent



water, city water, deionized water, ion exchange water, distilled
wat er, pure water and ultra pure water nay be used as the water, water
which is al nost conpletely free frominpurities such as deioni zed
wat er ,ion exchange 25 water, distilled water, pure water or ultra pure
water is preferably used because netal inpurities are hated in
processes for production of sem conductonsdevi ces.
- 12 - The next step in the process for producing a pol i shi ng
conposi ti on okethggpeeaehdni ofehtned $Klica payteipdrest idurielg &hki rst m xture
by adding from40 to 60 w% preferably from45 to 52 wt% of funed
silica to thetrahsiaien.prelimnarily adjusted to pH 2-4. The
above-nentioned fumed silica concentration nakes sure that the
resulting first nThéuaédbabolhidf lweatfdwith thhe seccaddmixglurei §coaity. The
m xture in such a state is stirred forcibly by external force, and the
resulting 10fuhiedhsshiasi ognéeniceat o hef filrend S8 wtd paetvientes! baghs
t he three-di nensional chain structure of funed silica particles. As a
consequenc®e, thacénhedtiohi transitiol Partedrhs e lc maghbloss and aggr egat es
havi ng smal |
minimizes re-aggregation of fumed silica particles.
Namely, if the fumed silica concentration were higher
than 38 wt%, fumed silica particles would be unfavorably
likely to aggregate. If the fumed silica concentration
10 were lower than 10 wt%, the resulting polishing
composition would unfavorably have a fumed silica
concentration lower than 10 wt%, which is inadequate for
satisfactory polishing performance.
As the basic substance to be added to the third
15 mixture, eilther potassium hydroxide or ammonium hydroxide
is used.
In the process of the present invention, the addition
of a basic substance under vigorous stirring may be
followed by filtration through a filter with a pore size
20 of at most 10 um.
The purpose of filtration through a filter is to
remove foreign matters which have crept in during the
process and aggregates of fumed silica. The type of the
filter is preferably the absolute type, which allows easy
25 selection of the size of foreign matters and aggregates

to be captured.

The pore size of the filter depends on the



particle sizes. 15 If the funmed silica concentration were | ower than

40 wt% the secondary particles of funmed silica in the resul ting
first mxture having | ow viscosity would not recei ve high shearing
force, and funed silica would hardly disintegrate or crunble. On the

other hand, if 20 the funed silica concentration were higher than 60 w %

the resulting first mxture would be subgtantially solid

and have no

fluidity, and therefore funed silica would hardly disintegrate or
crunbl e. suscephébilnayeofi shaddefjetn tdeod ipsiisiied ure goragichesa 25

second m xture having a viscosity of from2 to 10000 cps,

and the

second m xt ur ands thei efédcioncat ih easddbctiontes the palrigdrinigow sheari ng

force. - 13 -

The addition

of water to thkembositiohxt Ulleerdfcrreals e of asdédaed Mikterelbadisngoa | ower
vi scosity which can be stirred under | ow shearing force w thout
gener ati ng hi gormatioghedr fagef osceatcheddovtuneh slidwera.thdy pdrodushidani ng

5 force, it is intended that the m xture has a viscosity

5 efficiency due to frequent clogging of the filter.

According to the present inventors, use of a filter with

a pore size of at most 10 um prevents problematic

formation of scratches. Conversely, use of a filter with

a pore size larger than 10 gm is unfavorably likely to

10 lead to problematic formation of scratches.

filtration through a filter may be performed immediately

after production of the polishing composition and/or

immediately before its use.

The average aggregation particle size of fumed silica

15 in the polishing composition obtained by the process of

the present invention is from 100 to 180 nm.

In the present invention, the average aggregation

particle size of fumed silica i1s measured with CHDF-2000

manufactured by MATEC APPLIED SCIENCES.

20 The average aggregation particle size 1s controlled

at the time of mixing under high shearing force described

above. In other words, the average aggregation particle

size of fumed silica in a polishing composition is

determined by the degree of disintegration and crumbling

25 of secondary particles of fumed silica resulting from

partial cleavage of the three-dimensional chain structure

of the fumed silica particles by mixing under high



| ow enough to virtually show physical properties characteristic of the

Newt oni an fluid, and funmed silica keeps its average aggregation
particle size wthout suffering cl eavage of the above-nentioned chain
structure. 10 High speed stirring under such |ow shearing force permts
uni form di spersion of fumed silica in the mxture. In t he present

I nvention, the viscosity is neasured at- 25 err]C with a Brookfield

vi sconmeter (conditions: 30 rpm spindle 64). 15 The point of
this step i s tshestrabgl fpeckunethsidverage agguwegatrionapialry ivddesiaei difc
conditions by stirring under t he above-nentioned | ow shearing force.

At |east 5 from A00eso0fl 86t nmr engueeabh esodeslnivtargongerdiitalees wdftHf uned
silica to disperse satisfactorily and stabilizes their 20 surfaces under
t he aci di ¢ coguiod pedishhepgeberforinéntbeand dispersimg tiIfrethe shorter than
5 mnutes, the funed silica still has instable surfaces in the next
step and yi el @yexage agpukgehing panposleishzed i$ Touenitdper 80y nm,
If water were not added to the first mxture, or if 25 the viscosity of
t he resul tngtheovehd thexstieekweeponaheate is high 10BO®ddshinge secondary
particles of funmed silica woul d not di sperse satisfactorily and woul d
have still composition unfavorably has poor dispersity and tends to
form problematic scratches. Conversely, if the average
aggregation particle size is smaller than 100 nm, though
the dispersity is good, the stock removal rate
10 unfavorably tends to be low.
The polishing composition produced as described above
contains not more than 500000 per 0.1 ml of aggregates
not smaller than 0.5 um {(hereinafter referred to as
macroaggregates), when it is newly produced, and contains
15 at most twice as many macroaggregates when it is left
stand at room temperature for.30 days as when it is newly
produced.
In the present invention, macroaggregates are counted
with Accusizer model 780 manufactured by Particle Sizing
20 System.
As described above, because the hydroxyl groups on
the surfaces of fumed silica dispersed in water join by
hydrogen bonding or reductive dehydration as time passes,
aggregation and precipitation of fumed silica or gelation
25 of the polishing composition occurs. This phenomenon is

recognized as increase of macroaggregates, which are

responsible for formation of scratches during polishing.



- 14 - I nst abl e surfaces. On the other hand, if the second

m xture had a viscosity |ower than 2 cps due to addition of too much
water to the first m xture, though the secondary particles of funed
silica would disperse 5 satisfactorily and have stable surfaces, the
resul ting pol i shing conposition woul d unfavorably have a funed
silica concentration |lower than 10 wt % Wi ch i s | nadequat e for

oL ST actory BRLLSILR PELI LIRS Eseron 5o uif il i PhBRgEL g1 oocond
SV vt BB LIRT R DR A D A Ay e gRellgn,
R T ALY
el SN cHE REh Rarapcianatn el LA Mg ek TS
I R LT TG I LR

aggr eg: i _ £
phenomenon. - NORETo RE R b SretaEid Bk ertavddh S RO SHL % o the

stable state LR {AG8ting layers are classified according to the £ilm

formation method as those obtained by thermal oxidation,
those obtained by plasma oxidation and those obtained by

10 other methods, a polishing composition obtained by the
process of the present invention may be used to polish
any insulating layers without any restriction.

A newly produced polishing composition is usually
diluted to a fumed silica concentration of from 10 to 15

15 wt% before use.

Now, the mode of carrying out the present invention
will be described in detail with reference to Examples.
However, it should be understood that the present
invention is by no means restricted to such specific

20 Examples.
EXAMPLES 1 TO 10

70 kg of an acidic water at pH 3 prepared by adding
hydrochloric acid to ultra pure water was poured into the
mixing tank of a mixer (a shear mixer), and 70 kg of

25 fumed silica having properties (specific surface, primary
particle size and bulk density) shown in Table 1 was

added step by step (to a fumed silica concentration of 50



acidic pHregion of 2-4 into the stable state in the 25 alkaline pH

region of 9-12 past the transitional instable state (the neutral pH
regi on) by adding a basic substance as qui ckly as possi bl e under
vigorous stirring to prevent - 15 -
re-aggregation of funed silica particles_during the transition.

The addition of mater to the second niXt%?e‘to a fumed silica
concentration 0 38 % preven concentration,transition
past the neutV% %@é uncer %ﬂ IFEQéSSFESaEPOHIX? PEHEREEi | ca

Phan 38 wi% }undihei y’péfo;ta“ cF s‘%éielw—%gg VT o 280 ety ¢
aggregate. If the fumed sjlica concentr on 10 were lower than 10 w %
the resulting PYF PRy Kika Koy ‘%Voﬁ“ﬁbuld unf avorably have a fumed
catisfactory pol t%ﬁé‘%&%&%&%@ crandecbrad BR 05 5ehR Sabt antelto be
added to e Ihird, A8, MUy, S LheL PoLassiul INSLeXLgeusy ammoni um
viscosities shown in Table 1. The mixtures were
vigorously stirred by a power stirred (a homogenizer)
under low shearing force at high speed for 10 minutes.
Then, ultra pure water was added until the fumed silica
10 concentration decreased to 25 wt% to give mixtures 2.
Such an amount of potassium hydroxide as to raise the
pH to 11 was weighed out and added at once to mixtures 2
under high speed stirring, and the mixtures were stirred
for a while and diluted with ultra pure water to a fumed
15 seilica concentration of 12 wt% to give mixtures 3.
Mixtures 3 were filtered through an absolute type filter
with a pore size of 10 um manufactured by Nihon Pall Ltd.
to give polishing compositions Examples 1 to 10.
COMPARATIVE EXAMPLE 1
20 70 kg of an acidic water at pH 3 prepared by adding
hydrochloric acid to ultra pure water was poured into the
mixing tank of a shear mixer, and 70 kg of fumed silica
having a specific surface of 90 nﬁ/g and a bulk density
of 80 g/L was added (to a fumed silica concentration of
25 50 wt%) and mixed under high shearing force in the same

manner as in Example 1. The mixture had a very high

viscosity even after stirred for a while. As the mixture



I's used. In the process of the present invention, the addition
of a basic substance under vigorous stirring may be fol | owed by
filtration through a filter with a pore size 20 of at nost 10 [err]m
The purpose of filtration through a filter is to remove foreign
matters which have crept in during the process and aggregates of funed
silica. The type of the filter is-pgeferably the absolute type, which
al l ows easy 25 selection of the size of foreign matters and aggregates
to be capturedas not fluidheedpdre sib=emqferttheddiltien déppntiasenuihe
- 16 - susceptibility of the object to be polished to scratches
and t he effi cirpdcyxide priduecpraresd wase siaippsidi.ng conposi tion.
Therefore, use of a finer filter leads to formation of fewer scratches
but can | ower COMBARADIVIE t EX0AMPIE &f f i ci ency due to frequent clogging of the
filter. According to the present inventors, use of a filter with
a pore size of at70mky db dreradimimr evadietrs afr bl énpriepared byoaddingn of
scratches. Conversely, use of a filter with
5 hydrochloric acid to ultra pure water was poured into the
mixing tank of a shear mixer, and 70 kg of fumed silica
having a specific surface of 70 nﬁ/g and a bulk density
of 100 g/L was added (to a fumed silica concentration of
50 wt%) and mixed under high shearing force in the same
10 manner as in Example 1 to give mixture 4.
Then, such an amount of potassium hydroxide as to
raise the pH to 11 was weighed out and added at once to
mixture 4 under high speed stirring, and the mixture was
stirred for a while and diluted with ultra pure water to
15 a fumed silica concentration of 12 wt% to give mixture 5.
Mixture 5 was filtered through an absolute type filter
with a pore size of 10 um manufactured by Nihon Pall Ltd.
to give polishing compositions Comparative Example 1.
With the respective polishing compositions Examples 1
20 to 10 and Comparative Example 2, measurements of average
aggregation particle size and the number of
macroaggregates immediately after production and after 30
days of storage at room temperature and polishing test
were done. The measurements and polishing test were done
25 under the following conditions.

[Average aggregation particle size]

CHDF-2000 manufactured by MATEC APPLIED SCIENCES.



a pore size larger than 10 [err]mis unfavorably likely to 10 lead to
probl ematic formati on of scratches. The filtration through a filter
nay be perforned i medi ately after production of the polishing
conposition and/ or i mredi ately before its use. The aver age
aggregation particle size of funmed silica 15 in the polishing conposition
obt ai ned by the process of the present -invention is from 100 to 180
nm In the present invention, the average aggregation

particl e size [TGhef numberi bEchacsoaggsegacesy t h CHDF- 2000 manuf act ur ed
by MATEC APPLI ED SCI ENCES. 20 The average aggregation particle size
is controlled AcatiSthertmo@ebf 780 xhangufectarrdd ¢y Hwarioig fsdzdeg

descri bed above. In other words, the average aggregation particle
size of funedssisltema in a polishing conposition is determ ned by the
degree of disintegration and crunbling 25 of secondary particles of funed
silica resultil®gliishimg tespartial cleavage of the three-di nensional chain

structure of the fumed silica particles by m xing under high
-17- 5 Polishing machine: AVANTI 472 (manufactured by
Westech)

Polishing time: 3 minutes
Object: 8-inch P-TEOS £ilm wafer
Polishing pad: IC-1000 perforated/Subad00
10 (manufactured by Rodel Inc.)
Platen rotational speed: 35 rpm
Carrier rotational speed: 70 rpm
Down force: 7.0 psi
Polishing composition supply feed rate: 150 ml/min
15 After polishing, wafers were washed and dried one by
one, and the thickness loss by polishing was measured at
49 points per wafer with an optical thicknessmeter
Lambda-Ace {(manufactured by DAINIPPON SCREEN MFG Co.,
Ltd.), and the stock removal amount per unit time
20 {minute) (stock removal rate) was determined for each
polished object. The scratches on each polished wafer
were counted by using a laser surface inspector LS-6000
manufactured by Hitachi Electronics Engineering Co.,
Ltd.).
25 In the polishing test, the following evaluation
scales were used.

[Stock removal rate]



shearing force. The average aggregation particle size of from 100 to
180 nm ensures a polishing conposition with good polishing performance
and dispersity. If the average aggregation particle size is |larger
than 180 nm 5 though the stock renoval rate is high, the polishing
conposition unfavorably has poor dispersity and tends to form

probl emati ¢ scratches. Conversely, if th&22average aggregation particle
size is smaller than 100 nm though the dispersity is good, the stock
removal rate 10 QnfSterkbtenawaildsate lof 26W0 A/min or dheveol i shing
conposition produced as described above contains not nore than 500000
per 0.1 m of agglégabbsck remopal sratie erf t1dd A /Hifeon] abpkrer bithaf t er
referred to as nacroaggregates), when it is newly produced, and
contains 15 at nost bekewe2880dApinacr oaggregates when it is left

stand at roomtenperature for 30 days as when it is newy pr oduced.

In the present invent$teeck meanaedgmede delawe 1660ndénin with Accusi zer
nodel 780 manufactured by Particle Sizing 20 System As

descri bed &abolEcrBEeBasd the hydroxyl groups on the surfaces of funed

silica di spersed kﬁ wat er join Qy hydr ogen bondi ng or reductive
dehydration as tife: fe@sesthan 1 Oag?@réﬁéﬁll%’ n and precipitation of funmed

silica or gelatioe) 25 of the polishing conposition occurs. This
phenomenon i s : At least 100 but less than 300 scratches

X : At least 300 scratches
[Overall evaluation]
10 ©: Rated as © for both stock removal rate and
scratches
O: Rated as O for either stock removal rate or
scratches and rated as X for neither stock
removal rate nor scratches
15 X: Rated as X for either stock removal rate or
scratches or difficulty in production or problem
in safety
The results of the above-mentioned measurements and
polishing test and evaluation are shown in Table 1.

20



recogni zed as increase of macroaggregates, which are

formation of scratches during polishing.
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invention is by no neans restricted to such specific 20 Exanples.

EXAMPLES 1 TO 10 70 kg of an acidic water at pH 3 prepared by

addi ng hydrochloric acid to ultra pure water was poured into the

m xi ng tank of a m xer (a shear mxer), and 70 kg of 25 funed silica
having properties (specific surface, prlnary particle size and bul k
density) shown in Table 1 was added2étep by step (to a funed silica
concentration of 50 wt %9
and m xed under hfgARsheRtEny- bec’est%ng(h}'ét ety s compafedTWéthpe of the
shear m xer was HDM 250 nmnufacture by Tokusyu Ki ka Ko Ltd.
Then, n1xturec9mﬁﬁ§aFF§ﬁsF§?mE et% aE¥%WQ§%%&#1§P(¥Q3 formeg & éﬁElty and

uItra ure water was added_to the viscosjties shq The
m xt ur gs wer escratcg?ﬁor 8ol 9513???“'?‘%%13’43)/3’?% S5 %Okéaﬁaﬁégm zer)
under | ow sheari,n forc at hlgh}a eed for é; nut es g gltra
pure water walSiH eﬁuﬂﬁ PiLheds %l?l%ﬁ?cﬁ.‘%éﬁEgﬁFFaﬁFSR BécfEased to

25 Wt % to give m xtures: .
° g Eeast 9 ;% formed much fewer scratches. The low stock

removal rate of Example 5 as compared with that of
Comparative Example 2 suggests that fumed silica having a
specific surface area of at most 110 nf/g is preferred.
Anyway, Examples 1 to 10 were evaluated higher than

10 Comparative Example 2 overall.

Comparison of Examples 6 to 9 with respect to the

bulk density of fumed silica reveals that Example 6
obtained by using fumed silica having a bulk density less
than 70 g/L formed more scratches and contained more

15 macroaggregates than Examples 7 to 9 both immediately and
30 minutes after the production and that the increase in
the bulk density was accompanied by decrease in the
number of scratches decreased and increase in the stock
removal rate. However, because commercially available

20 fumed silica usually does not have a bulk density higher
‘than 120 g/L, it is preferred to use fumed silica having
a bulk density of from 70 to 120 g/L.

The fumed silica having a specific surface of 90 nﬁ/g

and a bulk density of 80 g/L used in Comparative Example

25 1 did not afford a mixture having enough fluidity to give
a polishing composition at a fumed silica concentration

of 50 wt%. This is explained by the insufficient



Such an anopunt of potassium hydroxide as to raise the pH to 11 was

wei ghed out and added at once to m xtures 2 under hi gh speed stirring,
and the m xtures were stirred for a while and diluted with ultra pure
water to a fumed 15 silica concentration of 12 wt%to give mxtures 3.

M xtures 3 were filtered through an absolute type filter with a pore
size of 10 [err] m manufactured by N hom Bal F Ltd. to give polishing
conposi tions Exanples 1 to 10. COVPARATI VE EXAMPLE 1 20 70 kg of
an aci di ¢ wat étakilpratipnepfr uneg abkicr surfagpsirddmibutebdd ¢t o ultra
pure water was_ poured into the m xing_tank of a shear m xer, and 70 kg
of funed sili&hke omisgignngfarspeerdtion ] ddte Femdnigktane a Bal k
density of 80 g/L was added (to a funed silica concentration of 25 50
W% and mi xe§URAERLAVEGhESABREE Y. f Bl theLuar silicadaydndad in
Exanmple 1. The m_xture had _a very_high viscosity even after stirred
for a while Aoedperpspegiéic surface area as compared with that used 5 .
was not fluidized by subsequent _addition of potassium hydr oxi de, the
process wa® stigppEgmple 1 gﬂiﬁ%@MGWQ%?¥§Umﬁﬁﬁ?€?f the number of

macroaggregates had increased by 5.3 times 30 days after
the production, and more than 300 scratches were formed.
Therefore, the polishing composition obtained in
comparative Example 2 was poor in dispersity and

10 polishing performance.

EXAMPLES 11 TO 28 AND COMPARATIVE EXAMPLES 3 TO 5, 8, 10,
12 AND 13

70 kg of acidic waters at pHs shown in Table 2
prepared by adding various amounts of hydrochloric acid

15 to ultra pure water were poured into the mixing tank of a
shear mixer, and fumed silica having a specific surface
of 95 nﬁ/g and a bulk density of 100 g/L was added to the
concentrations shown in Table 2 and mixed under high
shearing force to give mixtures 6.

20 Then, mixtures 6 were transferred to a tank with a
0.8 m2 capacity, and ultra pure water was added to the
viscosities shown in Table 2. The mixtures were stirred
by a homogenizer under low shearing force at high speed
for the periods of time shown in Table 2. Then, ultra

25 pure water was added until the fumed silica concentration
decreased to the values shown in Table 2 to give mixtures

7.



70 kg of an acidic water at pH 3 prepared by adding 5 hydrochloric acid
tto ultra pure water was poured into the m xi ng tank of a shear m xer,
and 70 kg of funed silica having a specific surface of 70 nferr]/g and
a bulk density of 100 g/L was added (to a funmed silica concentration
of 50 wt% and m xed under high shearing force in the sanme 10 manner
as in Exanple 1 to give mxture 4. - 26 -Then, such an anount of

pot assi um hydr oxi de as to raise the pHto 11 was wei ghed out and added

at once to MExENr emdunibdes £ hbate spiaed 18tdrodide aandd haigiexthee was
stirred for a while and diluted with ultra pure water to 15 a funed silica

concentrati onpaf td2twe %r&Lugs vehsinst it eTdble 2 wddextmigyHedvamitf ianider ed
t hrough an absolute type filter with a pore size of 10 [err]m
manuf act ured hygdddhas Eaté todmixturesd o7 gindepdighismgpatbmdsirtingns
Conpar ati ve Exanple 1. Wth the respective polishing conpositions
Exanples 1 2QviigotbuandtConpagpt i amd Exleehiextdrae asre maritry edf fawermage
aggregation particle size and the nunber of macr oaggr egat es
i medi at ely afvhélepandudilobedneitl twelt3) pure wiher dfo st duagd st licam
tenperature and polishing test wer e done. The neasurenents and
pol i shi ng t estoneertdahion 26f ubZewt$ heo folveowiingtwmsli&.i oM$xtures BAver age
aggregation particle size] CHDF- 2000 manuf actured by MATEC APPLI ED
SCl ENCES. were filtered through an absolute type filter with a pore
size of 10 pm manufactured by Nihon Pall Ltd. to give
polishing compositions Examples 11 to 28, Comparative
10 Examples 3 to 5, 8, 10, 12 and 13.
COMPARATIVE EXAMPLES 6, 7, 9 AND 11
70 kg of an acidic water at pH 3 prepared by adding
hydrochloric acid to ultra pure water was poured into the
mixing tank of a shear mixer, and 163.3 kg of fumed
15 silica having a specific surface of 95 nﬁ/g and a bulk
density of 100 g/L was added (to a fumed silica
concentration of 70 wt%) and mixed under high shearing
force in the same manner as in Example 1. Though the
mixture was stirred for a while, it never became fluid
20 and turned substantially solid, and therefore the process
was stopped.
In Comparative Examples 7, 9 and 11, the same
procedure as in Examples 11 to 28 was followed except
that the viscosity of mixture 6 was changed. However,
25 due to unsuccessful filtration of mixtures 8 through an

absolute type filter with a pore size of 10 um

manufactured by Nihon Pall Ltd., no polishing



- 21 - [ The nunber of macroaggregates] AccuSi zer nodel 780
manuf actured by Particle Sizing System [ Pol i shing test] 5
Rol i shing machi ne:  AVANTI 472 (manufactured by West ech)

Polishing tine: 3 mnutes Obj ect: 8-inch P-TECS fil mwafer
Pol i shing pad: |1C 1000 perforated/ Suba4d00 10

(manuf actured by Rodel Inc.) Pl 87en rotational speed: 35 rpm
Carrier rotational speed: 70 rpm Down force: 7.0 psi

Pol i shi ng conpoBPOEbRigNPPVETe cdotained. 150 ml/min 15 Af t er
polishing, wafers were washed and dried one by one, and the_thickness
| oss by polishi ngWiels Heastesreative polislysichcompesikapar WRaMPaRSopti cal
t hi cknessnet er Lanbda- Ace (nmanufactured by DAI Nl PPON SCREEN MFG _Co.
Ltd.), and thélsteck8rendvePmparartvedixamale 3 ke 130 measHyeRrntst 8€k

removal rate) was determ ned for each, .
average aggregation particle size and the number of

5 macroaggregates immediately after production and after 30
days of storage at room temperature and polishing test
were done, in the same manners as for Examples 1 to 10
and Comparative Example 2. The results are shown in
Table 2.

10
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10 Conparative Exanple 2 overall. Conpari son of Exanples 6 to 9
with respect to the bul k density of fumed silica reveals that Exanple
6 obtai ned by using fumed silica having a bulk density |ess t han
70 g/L fornmed nore scratches and contai ned nore 15 macroaggregates than
Exanples 7 to 9 both imediately and 30 mnutes after the production
and that the increase in t he bul k -dgpsity was acconpani ed by decrease
in the nunber of scratches decreased and increase in the stock
removal rate. Howagehis betduse EoomeTable |2, axtmin dahlee aci@itumwedesi hada
usual Iy does not have a bul k density higher than 120 g/L, it is
preferred to wseHf Uswdrsthena2hbefoge mixed vtk fberesi toy ldfcaf memif0 to 120
o/ L. The funed silica having a specific surface of 90 m[err]/g
and a bul k dedenmparati®e gkbmpied3| ngd&mdmesokishimgEpemficemasel wdisd not
afford a m xture having enough fluidity to give a polishing

conposi tion abokhxafinedd duki daecboce rgiteaimess oﬁﬁth&oawanthﬁs S
expl ai ned by the insufficient - 25
- st abi | hystrioohlofitusedidsibed af urdrepsscadtiton oft dlee acddic

water and the amount of ammonium hydroxide used for
alkalinization, the polishing composition was unfavorable
in respect of handling safety and production cost. When
an acidic water at a pH higher than 4 was used as in

10 Comparative Example 4, many scratches formed, while when
the pH of the acidic water was from 2 to 4 as in Examples
11 to 28, there was no large increase of macromolecules,
no aggregation of fumed silica and no gelation of the
polishing composition, and good polishing performance was

15 obtained.

When the fumed silica concentration was below 40 wt%
as in Comparative Example 5, the average aggregation
particle size was large, macroaggregates were plentiful,
and more than 300 scratches formed, because the chain

20 structure of fumed silica was not cleaved satisfactorily
under high shearing force.

Further, when the fumed silica concentration was
above 60 wt$ as in Comparative Example 6, no polishing
composition was obtained because the mixture was

25 substantially solid.
In contrast, when the fumed silica concentration was

from 40 to 60 wt% as in Examples 11 to 28, polishing



t'he omi ssion of preparation of the second mixture. In Conpar ati ve
Exanpl e 2, though the funed silica having a smal | er specific surface
area as conpared with that used 5 in Exanple 1 formed a fluid m xture,

t he nunber of macr oaggregates had increased by 5.3 tinmes 30 days after
t he production, and nore than 300 scratches were forned. Ther ef or e,

t he polishing conposition obtained in - 31 conparative Exanple 2 was poor
in dispersity and 10, polishing perfonyﬁp MPLES 11 To 28 AND

/ CE. =)
COVPARATI VE ESARPPELL 8059) werg okpined withgwpdifticulty. 70 kg of acidic
waters at pHs shown in Table, 2 13;)re ared by ad ig% vari oys amounts of
hydrochl ori c aci d¥Re8 S¥EE1F1eRE HR &t Q&§%§4a§a' tent SLERELAPXI ng t ank
of a shear _m xer,, and fuped silica having a specific, surface of
05 nerr] /g aHBAEE DRLE dENETT PO LS o el Repran Y gopnbLohes Enan
concentration wn ip Table and m xed under. hi_gh shearing force to
gi ve nixturesi888826ps aSTﬁ%n,°Wﬁ%ﬁ?ﬁ¥¥?E#%QQHJQ:ﬁgn§F€PP§§ ?gea tank with

0.8 ‘ ity, d ul d. h
Cscost i 8 LR R EASGbRE: 00 AR R 8L 105 SIS0,
g cer, UBdgtal o RICALIN LBl L0 ERRSa ey gk, PP 205 O
fumed silica goneentiahi Mlvough S RASEYdS Ll uTR1Sh A HlE0! € 2 to

gi ve m xtures
viscosity was lower than 2 cps as in Comparative Example

8, the addition of excessive water lowered the fumed
10 silica concentration of the resulting polishing
composition to less than 10 wt% and end up in the stock
removal rate lower than 2000 A/min.
In contrast, when the viscosity was from 2 to 10000
cps as in Examples 11 to 28, fumed silica particles
15 dispersed well under low shearing force, the final fumed
gsilica concentrations of the polishing compositions were
higher than 10 wt%, and good polishing berformance was
obtained.
When the stirring under low shearing force lasted
20 less than 5 minutes as in Comparative Example 9, the
fumed silica particles did not disperse well, and no
polishing composition was obtained due to the failure in
filtration, while when the stirring under low shearing
force was continued for at least 5 minutes as in Examples
25 11 to 28, polishing compositions with good polishing
performance in which fumed silica particles were well

dispersed were obtained.



7 - 26 - Such anpunts of

pot assi um hydroxi de as to raise the pH to the values shown in Table 2
wer e wei ghed out and added at once to m xtures 7 under high speed
stirring (vigorous stirring), and the m xtures were stirred for a 5
while and diluted with ultra pure water to a funmed silica

concentration of 12 wt%to give mxtures38. “M xtures 8 were filtered
t hrough an absolute type filter wth a pore Size of 10 [err]lm
manuf act ured by NVRSR Bag| fped §ilifiay Concentygtion; W&sc&HHSEiFL%Hslo

COVPARATI VE. EXFRPPEEOEE  Sh R aon of Smmontyg: fydiseidtagedn wat er a pH
Tnto the ) CRIRRRGLIERKEEBIS Dy e s s st g 2h
3/ vas addeqtheor ey hees sreFEshine CRumRsth i MBR d=Ro Shed) L0t Ay xed
the U xiare hlle SeorkciSTOYEL THNS oA fievel R RReEnE TRORE
silica concentration was above 38 wt% before the addition
of ammonium hydroxide as in Comparative Example 11, the
fumed silica re-aggregated before the addition of
ammonium hydroxide, and no polishing compogition was
10 obtained due to the failure in filtration through a
filter. In contrast, when the fumed silica concentration
was from 10 to 38 wt% as in Examples 1l to 28, there was
no re-aggregation of fumed silica or difficulty in
filtration through a filter, and good polishing
15 performance was obtained.
When the ﬁH after the addition of ammonium hydroxide
was below 9 as in Comparative Example 12, gelation
occurred during the addition of ammonium hydroxide, and
no polishing composition was obtained due to the failure
20 in filtration through a filter. When the pH after the
.addition of ammonium hydroxide exceeded 12 as in
Comparative Example 13, stable polishing performance was
not obtained due to gradual dissolution of fumed silica.
On the other hand, when the pH after the addition of
25 ammonium hydroxide was from 9 to 12 as in Examples 11 to

28, gelation did not occur during the addition of

ammonium hydroxide, and good dispersibility was obtained.



20 and turned substantially solid, and therefore the proéess was

st opped. In Conparative Exanples 7, 9 and 11, the sane

procedure as in Exanples 11 to 28 was foll owed except that the
viscosity of mxture 6 was changed. However, 25 due to unsuccessful
filtration of m xtures 8 through an absolute type filter with a pore
size of 10 [err]m manuf act ured by -N3Bor Pall Ltd., no polishing

- 27 - conpositions were obtai ned. Wth the respective

pol i shi ng conpostheppstEzafiphed silicd 1did 2@t ahids<Cdnear &ridvéhExanple 3 to
13, neasurenents of average aggregation particle size and the nunber
of 5 macroagpovifjahérgi paefloahehye akdersipalobkicti on and after 30 days
of storage at roomtenperature and polishing test were done, in the
sane manners as fas &raopiksdlabovd) the prowksConfpar groduciegngl e 2. The
results are shown in Table 2. 10

polishing composition of the present invention comprises

5 preliminarily adjusting water to pH 2-4, adding from 40
to 60 wt% of fumed silica to the water under high
shearing force, adding water to lower the viscosity to 2-
10000 cps, stirring the mixture under low shearing force
for at least 5 minutes, adding water to lower the fumed

10 silica concentration to 10-38 wt%, and adding a basic
substance under vigorous stirring to raise the pH to 9-12.

It can produce a polishing composition with such
stable dispersity that gelation does not occur for a long
time and macroaggregates do not increase and with good

15 polishing performance.

The process for producing a polishing composition of
the present invention is suitable for production of
polishing compositions for use in planarization of
semiconductor devices, especially effective in

20 planarization of insulating interlayers.

Further, by virtue of the use of hydrochloric acid as
an acidic substance for the pH adjustment to 2-4, the
process for producing a polishing composition of the
.present invention has no difficulty in the pH adjustment

25 attributable to the residual chlorine in fumed silica and
can avoid the coexistence of plural electrolytes which

makes the surfaces of fumed silica instable.



- 28 - Jerr] -29 - Jerr]
- 30 - As is evident from Table 2, when the acidic water had
a pH lower than 2 before mxed with funed silica as in Conpar ative
Exanpl e 3, good polishing performance was obt ai ned, but due to the
great ness of the anount of 5 hydrochloric acid used for preparation of
the acidic wat er and the anmount of aamseni um hydr oxi de used for
al kal i ni zati on, the polishing conposition was unfavorable i n respect
of handling saf et Byanitrpnedott tlm wostaf ivered silica having a
specific surface of from 70 to 110 nﬁ/g and a bulk
density of at least 70 g/L, the process for producing a
polishing composition of the present invention has no
5 Adifficulty in adjustment of fumed silica to watef for
smooth dispersion of fumed silica in water and therefore
facilitates disintegration and crumbling of fumed silica,
and can provide a polishing composition which can attain
a good étock removal rate and hardly forms scratches.
10 The use of potassium hydroxide or ammonium hydroxide
as a basic substance in the process for producing a
polishing composition of the present invention enables
quick transition of the mixture from the stable state in
the acidic pH region of 2-4 into the stable state in the
15 alkaline pH region of 9-12 without re-aggregation of
fumed silica during the transition.
The filtration through a filter with a pore size of
at most 10 gm in the process for producing a polishing
composgition of the present_invention makes it possible to
20 remove foreign matters which have crept in during the
process and aggregates of fumed silica and to produce a
polishing composition which hardly forms scratches on
polished objects.
A polishing composition produced by the process for
25 producing a polishing composition of the present

invention has an average aggregation particle size of

from 100 to 180 nm and therefore is excellent in



an acidic water at a pH higher than 4 was used as in 10 Conparative
Exanpl e 4, many scratches forned, while when the pH of the acidic
water was from2 to 4 as in Exanpl es 11 to 28, there was no | arge

i ncrease of macronol ecul es, no aggregation of funed silica and no

gel ation of the pol i shing conposition, and good polishing performance
was 15 obtai ned. Wien the fungd silica concentration was bel ow
40 W % as in Conparative Exanple 5, the average aggregation

particl e sizepsddshihgeperornagge egad ediswsesidyentiful, and nore than
300 scratches fornmed, because the chain 20 structure of funed silica was
not cleaved sati sfhagb0iishyng compogetidh ghrehesd y farecprocess for
Further, when the funed silica concentration was above 60 W% as in
Conpar ati ve BEpadheifig BoppdtsRbhggcompos tolgrosif itdre warseseitai ned because
the mxture was 25 substantially solid. In contrast, when the
fumed silica denwesntioat icontedas not hooen ditan o6 B0 Weas 0.4 BXamfl es 11 to
28, polishing - 31 -

conposi ti ops \seigrepfaitaisnadtwshhblier difidmn c@il 3 yum, when it is newly

produced and therefore hardly forms scratches.

A polishing composition produced by the process for
producing a polishing composition of the present
invention contains at most twice as many aggregates not

10 smaller than 0.5 unlwhen it is left stand at room
temperature for 30 days as when it is newly produced and
therefore shows good dispersity over a long time and

hardly forms scratches.



When sufficient water was not added after stirring under high shearing
force (the viscos%"i was higher t han 10000 cps) as in Conparative

Exanpl e 7, becaus ,mm,ujm Hu””' g under | ow shearing force was
insufficient, the ' a particles did not dis e SHEET
filtration through a filter wds Gnsuccessful. Wen the IR S '%&f&%ﬁq

| ower than 2 cps as in Conparative Exanpie - 8, the adéiti-or—od .
excessive water |lowered the fumed 10 silica concentration of the resultin
pol i shi ng cLammposition to less than 10 wt% and end up in the stock
renoval rate | ower than 2000 A/ m n. I n contrast, when the

vi scosity waslfroam@réeeddffy produyingas pelEshipbesomposbten, f uned
silica particles 15 dispersed well under | ow shearing force, the final

f umed si whiah coomaent se¢ i mresl iofirtdyd Jyoleidghistgngowpbstt fonsH wer 4,

hi gher than 10 wt % and good pol i shing performance was obt ai ned.

When the stiraddingnfesm | 60v shefl iwip fodfr Famedstsédica0tbetbetWames ni nut es
as in Conparative Exanple 9, the fumed silica particles did not

di sperse &l | ynded migh shegolngHionrecomddding watedsteblavatdtidee to the
failure in filtration, while when the stirring under |ow shearing
force was convisgesifyrtat2+E®20 Snd. natdsrdgg fhexapprese prdey 1ew2s,

pol i shing conpositions with good polishing | per formance in which funed
silica particfbeavtre fHrr¢e for at least 5 minutes, adding water to

lower the fumed silica concentration to 10-38 wt%, and
adding a basic substance under vigorous stirring to raise
10 the pH to 9-12.
2. The process according to Claim 1, wherein the
polishing composition is used for planarization of the
surface of a semiconductor device.
3. The process according to Claim 1 or 2, wherein
15 hydrochloric acid is used as an acidic substance for the
pH adjustment to 2-4.
4. The process according to any one of Claims 1 to 3,
wherein the fumed silica has a specific surface area of

from 70 to 110 nﬁ/g and a bulk density of at least 70 g/L.

20 5. The process according to any one of Claims 1 to 4,
wherein potassium hydroxide or ammonium hydroxide is used
as the basic substance.

6. The process according to any one of Claims 1 to 5,
wherein the addition of the basic substance under

25 vigorous stirring is followed by filtration through a
filter with a pore size of at most 10 um.

7. The process according to any one of Claims 1 to 6,

This Sheet Has Been Rep
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di spersed wer e—ebtaine - 32 -

When t he funed : ion was | ower than 10 wt % bef ore the
addi ti on of am‘rﬂ! I gm@mngws in Corrpar ative Exanpl e 10 d
silica concent s e resulting polishing conpos

than 10 wt % 5 and the stock renoval rate was | ow V\hnfmﬁé**? —
silica concentration was above 38 W % begpre the additidn % fMoni um
hydr oxi de as in Conparative Exanple 11, the fumed svtTca re- aggregat ed

before the adghéi®@m ofhe fumedmmiliiva Hydrhe gelizhdngocpopbshingn has
conposition was 10 obtained due to the failure in filtration through a

filter. In comhraséraydesgdieydtimed midtica o dieaeteat bdnfrom 1@astbrom 10
to 38 wt% as in Exanples 11 to 28, there was no re-aggregation of

fumed silica pgodirficulty in filtration through a filter, and good
polishing 15 performance was obt ai ned. When the pH after the
addi ti on of agmorThen gryterd decordingsoengwoteasti Al@dmpatatove, Exanpl e
12, gelation occurred during the addition of amoni um hydroxi de, and
5 wherein the polishing composition contains not more than
500000 per 0.1 ml of aggregates not smaller than 0.5 yum,
when it is newly produced.
9. The process according to any one of Claims 1 to 8,
wherein the polishing composition contains at most twice
10 as mény aggregates ﬁot smaller than 0.5 um when it is

left stand at room temperature for 30 days as when it is

newly produced.

—_—
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no polishing conposition was obtained due to the failure 20 in filtration

tthrough a filter. Wen the pH after the addi tion of ammoni um hydr oxi de
exceeded 12 as in Conpar ati ve Exanpl e 13, stable polishing perfornmance
was not obtained due to gradual dissolution of fumed silica.

On the other hand, when the pH after the addition of 25 agymmtoimd
was from9 to 12 as in Exanples 11 to - 38 28, gelation dijd Not ;a6C,

during the addition of ammoni um hydr oxi de, and good d¢spe 5 ErS
obt ai ned. ABSTRACT - 33 - Further, the
fumed silica did not dissolve, and the pol i shi ng perfornmance was

st abl e. Morteserd bed: ghrodecinge appodésbingr compdatthoia

pol i shing conposition of the present invention conprises 5 prelimnarily
adj usti ng watwhid¢h @iR-isemdaialgrfimemidy adjustédngowaterotofDed-4ilica to

t he wat er under high shearing force, adding water to |ower the
viscosity to &ding £A®O0D dps,6Gnitd iofy fumednisiilica tadEhel vatsheari ng
force for at least 5 m nutes, adding water to lower the funed 10

silica comcentmder dnighy steea38ing Kormed adfiing wabesi 0 lowesybBeance under

vigorous stirring to raise the pHto 9-12. )
viscosity to 2-10000 cps, stirring the mixture under low

shearing force for at least 5 minutes, adding water to
lower the fumed silica concentration to 10-38 wt%, and
adding a basic substance under vigorous stirring to raise

10 the pH to 9-12.

-
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Itftaﬁ produce a polishing conposition with such stabl e dispersity

that gel ati on does not occur for a |ong ti me and macroaggregates do
not increase and with good 15 polishing perfornmance. The process
for producing a polishing conposition of the present invention is

sui tabl e for production of pol i shing conpositions for use in

pl anari zati on of sem conduct or devices, especially effective in 20

pl anari zation of |nsulat|ng i nterlayers. Further, by virtue of the
use of hydrochl an aci di ¢ substance for the pH adj ust nent
to 2-4, the ﬁ%émﬁﬁg uci ng a poli shing conp05|t|on of the
present inventipn has no diftrgulty in the pH adj Istmem Sy \ut abl e
to the residuali ¢hl @7 &P poggf u silica and i st ence
of. plural electjrglytes which makes the surfa

i nst abl e. Py [ Papen F virtue
of the use of f d silica having a specific sur ' 7 to 110
mMerr]/g and a bul k denstty of at least 70 g/L, the process for

produci ng a

-1 -
PROCESS FOR PRODUCING POLISHING COMPOSITION

The present invention relates to a process for
producing a polishing composition. More particularly, it
relates to a process for producing a polishing

5. composition suitable for planarization in production of
semiconductor devices, especially for planafi;ation of
insulating interlayers.

Progress of so-called high-tech products including
computers has been remarkable in recent years, and parts

10 to be used for such products, such as ULSI, have been
developed for integration and high speed, year after year.
Along with such progress, the design rule for
semiconductor devices has been progressively refined year
after year, the depth of focus in a process for producing

15 devices tends to be shallow, and planarization required
for the pattern-forming surface tends to be increasingly
severe. Further, to cope with an increase in resistance
of the wiring due to refinement of the wiring, multilayer
devices with shorter wiring have been employed. However,

20 the irregularity in the surface level of a pattern formed



poFi's‘Fii ng conposition of the present, invention has no 5 difficulty in

adj ustnent of funmed silica to water for snoot h di sperS| on of furred
silica in water and therefore facilitateg CT

of funed silica, and can provide a poli sH W @?‘?‘ éﬂf | ; ENPSHEE
attain a good stock renoval rate and hardly foﬂﬁgﬁﬁﬁﬂatch [ 10

The use of potassium hydroxide or anmond®im hydroxi de as a ba5|@7 SEP zﬁﬁﬂ
substance in the process for producing a pol | shi ng conposifijon

present invention cRROGESS FOR RROPUGINGROLI DMBOSELION i rotrrtte

stable state in the acidic pH regi on of 2-4 into the stablje state in

the 15 al kalamergitTegi on of 9-12 wi thout re-aggregation of funed B
silica during the transition. The filtration through a filter with

a pore size of A pmiceEstfol0predubingnat pel psloies scompogirmidusi ng a

pol i shi ng conposition of the present invention makes it possible to

20 renove fonghith nedneriseshiprieliaieaet dpt adfustinmowdter to pH2edess and
aggregates of funmed silica and to produce a pol i shing conposition

whi ch hardl y dédimg sfra ciletoos0 wty pdl fained ob]lierd sto the waterA polishing
conposition produced by the process for 25 producing a polishing
conposi ti an ainddmwe tgsattearing ifovert i addhag watew crageowgyrdgat i on
particle size of from 100 to 180 nmand therefore is excellent in
viscosity to 2-10000 cps, stirring the mixture under low
shearing force for at least 5 minutes, adding water to
lower the fumed silica concentration to 10-38 wt%, and
adding a basic substance under vigorous stirring to raise

10 the pH to 9-12.
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- 357 pold
produced by
present inv
not smaller

process for

contains at nost twice as many aggregates not smaller thanf 0.5 [err] mwhen

it

hardly fornms scratches. A polishing _cggpasition produc

ormance and dispersity. A pol i shing _conpositiaon

2 - produci ng a polishing conposit T
ﬂm@ WMﬂm ot nore than 500000 per 0.1 m mggwgf;[a&j?
) errs|nf when it is newwy produced and tiher ef
: ed 132 RUE 2001

7

produci ng a polishing conposition of the present}{ invention

it is left stand at room tenperature for 30 days as when i§..LlS-Rewky

produced and

forns scratches.

clained is:

conpri ses prel i m nafPmprisgs pselinn
% of fumed silica hénomd0atoBdimehof dumed siladahsting at3rdemensiohal wat er under

t her ef o QWG a@@Rjsdi spersity over a long tine and har dl y
) VWhat is

1 A phodbRrorss froamiine w@&hﬁﬁ_&j@v@m ch

u
¥ adjustingiyaten to pASIAZI0 to 60 wt

a shearing force suthai ftRicture to the water under a shearing force sufficient

to cleave the three-dimensional chain structure of fumed
silica particles and cause said particles to disintegrate and
crumble into aggregates, adding water to lower the viscosity
to 2-10000 cps, stirring the mixture under a shearing force
for at least 5 minutes sufficient to maintain the viscosity low
enough to show physical properties characteristic of a New-
tonian fluid and maintain average aggregation particle size
without further cleavage of said chain structure, adding
water to lower the fumed silica concentration to 10-38 wt %,
and adding a basic substance under vigorous stirring 2 to
raise the pH to 9-12.

2. The process according to claim 1, wherein hydrochloric
acid is used as an acidic substance for the pH adjustment to
2-4.

3. The process according to claim 1, wherein the fumed
silica has a specific surface area of from 70 to 110m?/g and
a bulk density of at least 70 g/L.

4. The process according to claim 1, wherein potassium
hydroxide or ammonium hydroxide is-used as the basic
substance.

5. The process according to claim 1, wherein the addition
of the basic substance under vigorous stirring is followed by
filtration through a filter with a pore size of at most 10 um.

6. The process according to claim 1, wherein the fumed
silica in the polishing slurry has an average aggregation
particle diameter of from 100 to 180 nm.

7. The process according to claim 1, wherein the polishing
slurry contains not more than 500000 aggregates of a size
not smaller than 0.5 pm per 0.1 m! of shutry, upon production
of the slurry.’

8. The process according to claim 1, wherein the polishing
slurry contains at most twice as many aggregates of a size
not smaller than 0.5 wm when the slurry is left standing at
room temperature for 30 days as when the slurry is produced
Initially.

. /gl



to cleave the three-dinmensional chain structure of fumed sil i
and €ause said particles to disintegrate and crunble into ag
adding water to | ower the viscosity to 2-10000 cps, stirringjtffe m xture
under a shearing force for at least 5 mnutes sufficient to ntp'gn@@qgm
viscosity | ow enough to show physical pr op§r7t| es characteristliqg of a New

tonian fluid and nai ntain average aggregation particle size t
cl eavage of said chain structure, adding water to lower the fluned silica
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concentration to 10- 3RECESS F@I@PWWGIWGWLISW NVI gor ous

stirring 2 to raise the pHto 9- . The process according to claim1,
wher ei n hydrocglagl;ﬂR%c%m dis used as an aC| di ¢ substance for the pH
adj ustnent to 3. The process according to claiml, vvherel n the

fumed silica has a_specific urfacedarea of frnam %0 to 110 L/g and a
bul k density of at? BASFeSH HPf Procycing,& ;?ro&clg n§c88F‘8°ﬁ f‘8 tlaim i,
wher ei n pot assn m_hydr oxi de_or Dni um hydr oxi |s usel asic
subst ance. Wiy 5?5‘9&585085?1[; RiSAREE ﬁ J\ﬁﬁe?@ gd fifon of

v ough & 1 ?ﬂb ;HRATS “?ge{go?f@g@% o8 454 iy e b’é&fe' PhER ocess
di I 1 d I h

n aver age BogPRORt: BRSHaPEPRr L LT S'Wﬂ%ﬁf&% B 1R ntne 7 Y

process accordiag 0.6 agsnséajfw@é éxgsngec B0l{-aN IR, SUELY o BRIBEN 0!

nore than 5000 aggre a si m per 0.1

M of sturry. WROBRATMGHLONES! LbOISl Y mindbes hsaa aae,%ataecesd' ng to

slurry contai ns at st twce as nmany

1, wherernt
Sﬂjngat es of acglkzechat f&H@él§{1$é@rbc91crér[tﬁrardl'6‘n"“ﬁ%nlbhgeslwiﬂl%VYaha lef t
standl ng at roomtenperature for 30 days as when the sI urry is produced

initially. adding a basic substance under vigorous stirring to raise

10 the pH to 9-12.



