CERIA-BASED COMPOSITE FINE PARTICLE DISPERSION, PROCTION
METHOD THEREFOR, AND POLISHING ABRASIVE GRAIN DISPESION
INCLUDING CERIA-BASED COMPOSITE FINE PARTICLE DISHESION

Technical Field
[0001]

This invention relates to a ceria-based compaqgsateticle dispersion
suitably applicable to an abrasive used for manuf@cof semiconductor devices,
and in particular to a ceria-based composite plerticspersion used in chemical
mechanical polishing (CMP) for planarizing a film be polished formed on a
substrate, a method for manufacturing the same,agoalishing abrasive particle

dispersion containing the ceria-based compositégardispersion.

Background Art
[0002]

Semiconductor devices on semiconductor substratesyit boards and so
forth achieve their high performances by high imeggpn density and dimensional
shrinkage. Manufacturing process for such semiactat devices has employed
so-called chemical mechanical polishing (CMP), vihias become an
indispensable technology for shallow trench is@atiplanalization of interlayer
insulating film, and formation of contact plugs ©u damascene interconnect.

[0003]

Most abrasives for CMP are composed of abrasivégha and chemical
ingredient, wherein the chemical ingredient taka#st jn promoting polishing
through oxidation and corrosion of a target filmMeanwhile, the abrasive particle
takes part in polishing based on mechanical actionywhich colloidal silica,
fumed silica, and ceria particle are employed. pamticular, ceria particle is

applied to polishing in a shallow trench isolatiprocess, for its specifically high
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polishing rate exerted on silicon oxide film.

In the shallow trench isolation step, not only gikcon oxide film, but
also silicon nitride film is polished. For easy®rlent isolation, polishing
preferably advances rapidly on the silicon oxidenfimeanwhile slowly on the
silicon nitride film, placing importance on suchioaof polishing rate (selectivity).

[0004]

An exemplary practiced method for polishing onlsucaterial employs a
relatively rough primary polishing and a precise@&dary polishing, so as to
obtain a very precisely finished surface with ldg$ects such as scratches.

Abrasives used for such secondary polishingjrasH polishing, have been
manufactured by the methods proposed as below.

[0005]

For example, Patent Literature 1 describes a ntetbomanufacturing a
ultrafine cerium oxide particle (with an averagetpde size of 10 to 80 nm)
composed of single-crystalline cerium oxide, by efhan aqueous cerium(lll)
nitrate solution and a base are mixed according Yolume proportion so as to
adjust pH to 5 to 10, the mixture under stirringapidly heated to 70 to 100°C and
kept at that temperature for ripening. The litaratalso describes that the
method can provide ultrafine cerium oxide partiglieh high uniformity of particle
size and high uniformity of particle shape.

[0006]

Non-Patent Literature 1 describes a method forufegturing a ceria-
coated silica, which includes a manufacturing pesceimilar to the method for
manufacturing a ultrafine cerium oxide particle césed in Patent Literature 1.
The method for manufacturing a ceria-coated sitloas not have firing and
dispersion processes that are contained the methothnufacturing described in
Patent Literature 1.

[0007]



Patent Literature 2 describes a method of manufadj a silica-based
composite particle that has an amorphous silicéigdarA, and formed on the
surface thereof, a crystalline oxide layer B thamtains one or more kinds of
elements selected from zirconium, titanium, iroranganese, zinc, cerium,
yttrium, calcium, magnesium, fluorine, lanthanumgdastrontium. The literature
also describes a preferred mode in which the anmuplsilica particle A has, on
the surface thereof, an amorphous oxide layer GClwis an amorphous oxide layer
containing aluminum or other element but differémoim an amorphous silica layer,
and further thereon, the crystalline oxide layethBt contains one or more kinds of
elements selected from zirconium, titanium, iroranganese, zinc, cerium,
yttrium, calcium, magnesium, fluorine, lanthanumgdastrontium. According to
the description, such silica-based composite plaititaving the crystalline oxide
layer B on the surface of the amorphous silicaipkrtA, can improve the
polishing rate; can advantageously suppressesdhecles from being sintered
during firing, and can thereby improve disperstlyilin a polishing slurry, owing to
pretreatment of the silica particle; and can prevah inexpensive abrasive with
high polishing performance, since cerium oxide rbayexcluded or the amount of
consumption thereof may be reduced to a large aegr&@he literature further
describes that the particle additionally having ameorphous oxide layer C
between the silica-based particle A and the oxaet B particularly excels in an
effect of suppressing sintering of particles, andeffect of improving the polishing

rate.
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Disclosure of Invention
Technical Problem
[0010]

The present inventors actually manufactured amd thvestigated the
ultrafine cerium oxide particle described in Patenéerature 1, and found that the
particle showed only low polishing rate, and wa=®ly to cause defects on the
surface of a target substrate to be polished (dBgtaurface accuracy, increased
scratches, and residence of the abrasive on tHaciof the target substrate to be
polished).

According to the present inventors, this is sumabg and largely because
the method for manufacturing a ultrafine ceriumdexparticle described in Patent
Literature 1 does not contain a firing step butyotd allow the cerium oxide
particle to crystallize from a liquid phase (aqusaerium(lll) nitrate solution),
unlike the method for manufacturing a ceria paetiatich includes a firing
process (crystallinity of ceria particle may berieased by firing), so that the
obtainable cerium oxide particle can have onlylatreely low crystallinity, and so
that the cerium oxide that remains unbound to tl¢h®r particle, due to lack of
firing process, is likely to reside on the surfadehe target substrate to be
polished.

[0011]

Meanwhile, the ceria-coated silica described imNRatent Literature 1,



having not been fired, is considered to actuallyndastrate low polishing rate.

Also since the ceria is neither fused nor integitateth the silica particle, the ceria

Is anticipated to fall easily, and this reducesigluhg rate, destabilizes polishing,

and leaves the abrasive on the surface of the ttaigestrate to be polished,.
[0012]

The present inventors additionally found that shieca-based composite
particle with the oxide layer C described in Patemérature 2, when used for
polishing, occasionally causes residence of alumimou other impurities on the
surface of semiconductor devices, and may adversidgct the semiconductor
devices.

The ceria particles described in these literatumesely adhere on the
mother particles, rather than being strongly bouardj are likely to fall from the
mother particles.

Moreover, the abrasive particle described in Patéerature 2, having the
spherical silica mother particle and crystallingiagarticles formed thereon, and
when used as an abrasive particle for polishing, advantageously suppress
scratching, and can demonstrate a high polishite @a silica film, while being
assisted by a chemical reaction that occurs coeatly with mechanical action
during the polishing. However, due to sphericifytloe mother particle, the
abrasive particle tends to decrease the dynamifficmant of friction since the
abrasive particle can roll, so that the polishiaterwould be insufficient for
applications where higher polishing rate is reqdire

[0013]

It is therefore an object of this invention towelthe aforementioned
problems. That is, this invention is to provideexia-based composite particle
dispersion that can polish silica film, Si waferdagven hard-to-process material at
high rates, and can give high surface accuracys (¢esatches, less residence of

abrasive particle on substrate, improved Ra vafusubstrate); a method for



manufacturing the same; and a polishing abrasivagi@ dispersion. The ceria-
based composite particle of this invention, inpteferred mode free of impurities,
Is suitably applicable to polishing of the surfacésemiconductor devices such as

semiconductor substrates, circuit boards, and g fo

Solution to Problem
[0014]

The present inventors conducted thorough invetitiga aimed at solving
the aforementioned problems, and arrived at thigmtion.

According to this invention, there is providedexia-based composite
particle dispersion, containing a ceria-based casitpgoarticle that has an average
particle size of 50 to 350 nm and is featured bjytp1[3] below:

[1] the ceria-based composite particle has a nrgplaeticle, a cerium-
containing silica layer on the surface of the motparticle, and a child particle
dispersed inside the cerium-containing silica layer

[2] the mother particle contains amorphous silksaa major ingredient, and
the child particle contains crystalline ceria asajor ingredient; and

[3] the ceria-based composite particle has anayecrystallite size of the
crystalline ceria, when analyzed by X-ray diffraztetry, of 10 to 25 nm.

[0015]

Such ceria-based composite particle dispersiea alill be referred to as
“the dispersion liquid of this invention”, hereinaf.

Meanwhile, the ceria-based composite particle aim&d in the dispersion
of this invention will be referred to as “the congit@ particle of this invention”,
hereinafter.

[0016]
The ceria-based composite particle dispersiorhisf invention preferably

contains the ceria-based composite particle furtbatured by [4] to [7] below:



[4] the ceria-based composite particle further haseasily soluble silica-
containing layer as the outermost layer;

[5] ratio D of mass b of the easily soluble silica-containing layer t@ass
D, of the ceria-based composite particle (D #I x 100) is 0.08 to 30%;

[6] the ceria-based composite particle has a maitss of silica and ceria of
100:11 to 316; and

[7] the ceria-based composite particle, when anadyby X-ray
diffractometry, shows ceria detectable only in gstal phase.

[0017]

The ceria-based composite particle that has amaame particle size of 50
to 350 nm and is featured by [1] to [7] above vidd referred to as “a first
composite particle of this invention”, hereinafter.

Meanwhile, the ceria-based composite particle @lisjpn that contains
such first composite particle of this invention@lsill be referred to as “a first
dispersion of this invention”.

[0018]

The ceria-based composite particle dispersiorhif invention preferably
contains the ceria-based composite particle furtbatured by [9] to [11] below:

[9] the crystalline ceria in the child particleshailicon atom solid-
solubilized therein, and additionally has one orendifferent atoms solid-
solubilized therein;

[10] each of contents of cerium, silicon and tliedent atom(s) in the
ceria-based composite particle satisfies a relagioen by (Ce + M)/Si = 0.038 to
1.11, where M means a total mole number of one orendifferent atoms, and Ce
and Si mean mole numbers of cerium atom and siletom, respectively; and

[11] the ceria-based composite particle, when yred by X-ray
diffractometry, shows (i) only a crystal phase efia, or (ii) only a crystal phase

of ceria and crystal phase(s) of oxide(s) of thiéedént atom(s).
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[0019]

The ceria-based composite particle that has anageeparticle size of 50
to 350 nm and is featured by [1] to [3] and [9][1d] above will be referred to as
“a second composite particle of this invention”rdieafter.

Meanwhile, the ceria-based composite particle elisjpn that contains
such second composite particle of this inventicsoakill be referred to as “a
second dispersion of this invention”.

[0020]

Note that a simple notation of “the dispersiorthit invention” in the
description below is defined to encompass bothtbé first dispersion of this
invention” and “the second dispersion of this intien”.

[0021]

According to this invention, there is also prozda method for
manufacturing a ceria-based composite particleatsipn of this invention, the
method including the Steps 1 to 3 below:

Step 1: keeping a silica-based particle dispersh@ving a silica-based
particle dispersed in a solvent, stirred at a terapee of 0 to 20°C, at a pH of 7.0
to 9.0, and at a redox potential of 50 to 500 n] adding thereto a metal salt of
cerium is continuously or intermittently, to theyebbtain a precursor particle
dispersion that contains a precursor particle;

Step 2: drying the precursor particle dispersitning the precursor
particle at 800 to 1,200°C, bringing the obtainged product into contact with a
solvent, wet crushing the fired product within ghid range from 8.6 to 11.5, to
obtain a crushed fired product dispersion; and

Step 3: centrifuging the crushed fired produdpdrsion at a relative
centrifugal acceleration of 300 G or larger, andrtliemoving a sediment fraction,
to thereby obtain the ceria-based composite partdctpersion.

Note that the relative centrifugal acceleratiomiigen by a ratio relative to

8



the gravitational acceleration of earth assumed &s
[0022]

Such manufacturing method also will be referredso‘a first
manufacturing method of this invention”, hereinafte

The first dispersion of this invention is prefenamanufactured by the
first manufacturing method of this invention.

[0023]

According to this invention, there is also prowide method for
manufacturing a ceria-based composite particleatsipn, the method including
the Steps 4 to 6 below:

Step 4: keeping a silica-based particle dispersh@ving a silica-based
particle dispersed in a solvent, stirred at a terapese of 0 to 20°C, at a pH of 7.0
to 9.0, and at a redox potential of 50 to 500 m\{ adding thereto a metal salt of
cerium and a salt containing different atom indegeartly or in a premixed manner,
is continuously or intermittently, to thereby obita precursor particle dispersion
that contains a precursor particle;

Step 5: drying the precursor particle dispersiionng the precursor
particle at 800 to 1,200°C, bringing the obtaingeéd product into contact with a
solvent, wet crushing the fired product within thld range from 8.6 to 10.8, to
obtain a crushed fired product dispersion; and

Step 6: centrifuging the crushed fired produdpdrsion at a relative
centrifugal acceleration of 300 G or larger, andrtliemoving a sediment fraction,
to thereby obtain the ceria-based composite particspersion.

Note that the relative centrifugal acceleratiomiigen by a ratio relative to
the gravitational acceleration of earth assumet &s
[0024]

Such manufacturing method also will be referre@sd‘a second

manufacturing method of this invention”, hereinafte
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The second dispersion of this invention is prelfdéyananufactured by the

second manufacturing method of this invention.
[0025]

Note that a simple notation of “the manufacturmgthod of this
invention” in the description below is defined toc®@mpass both of “the first
manufacturing method of this invention” and “the&sed manufacturing method of
this invention”.

[0026]

Note that a simple notation of “this invention” tihe description below is
defined to encompass all of the first dispersioniha$ invention, the second
dispersion of this invention, the first composit@rficle of this invention, the
second composite particle of this invention, thetfmanufacturing method of this

invention, and the second manufacturing methocsf invention.

Advantageous Effects of Invention
[0027]

The dispersion of this invention, when appliedagsolishing abrasive
particle dispersion to polishing, or the polishialgrasive particle dispersion when
applied directly as a polishing slurry to polishjrcan polish silica film, Si wafer
and even hard-to-process material at high rated,can give high surface accuracy
(less scratches, small surface roughness (Ralafgat substrate to be polished).
The manufacturing method of this invention is toyide a method for efficiently
manufacturing the dispersion of this invention destoating such excellent
performances.

[0028]

A preferred mode of the manufacturing method a$ thvention also can

dramatically reduce the content of impurities coméa in the ceria-based

composite particle, in pursuit of higher purity. uch highly purified ceria-based
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composite particle dispersion, obtainable by thefemred mode of the
manufacturing method of this invention, is suitablyplicable to polishing of the
surfaces of semiconductor devices such as semiatodsubstrates, circuit boards,
and so forth, by virtue of absence of impurities.

[0029]

The dispersion of this invention, when employedgmlishing abrasive

particle dispersion, is effective for planarizirtgetsurfaces of the semiconductor
devices, and is particularly suitable for polishiofgsubstrates having a silica

insulating film formed thereon.

Brief Description of Drawings
[0030]

[FIG. 1] FIG. 1 is a schematic cross sectiona&wiof a first composite particle
of this invention.

[FIG. 2] FIG. 2 is a schematic cross sectiona&wiof a second composite
particle of this invention.

[FIG. 3] FIG. 3(a) is a SEM image of a compogtrticle of Example 7, and
FIG. 3(b) is a TEM image of the composite partiofeExample 7.

[FIG. 4] FIG. 4 is an X-ray diffraction patterr Bxample 7.

[FIG. 5] FIG. 5(a) is a SEM image of a compogtaticle of Comparative
Example 3, and FIG. 5(b) is a TEM image of the cosife particle of
Comparative Example 3.

[FIG. 6] FIG. 6 is an X-ray diffraction patterd Gomparative Example 3.

[FIG. 7] FIG. 7 is a titration chart based onestming potential.

[FIG. 8] FIG. 8 is a SEM image (300,000x magmation) of a ceria-based
composite particle obtained in Example 15.

[FIG. 9] FIG. 9 is a TEM image (300,000x magn#imn) of the ceria-based

composite particle obtained in Example 15.
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[FIG. 10] FIG. 10 is a SEM image (100,000x magration) of the ceria-based
composite particle obtained in Example 15.

[FIG. 11] FIG. 11 is a TEM image (100,000x mageation) of the ceria-based
composite particle obtained in Example 15.

[FIG. 12] FIG. 12 is an X-ray diffraction patteaf the ceria-based composite

particle obtained in Example 15.

Description of Embodiments
[0031]
<First Composite Particle of This Invention>

The first composite particle of this invention e explained.

The first composite particle of this invention hastructure typically
illustrated in FIG. 1. Both of FIG. 1(a) and FIG(b) are schematic sectional
views of the first composite particle of this intem. FIG. 1(a) shows a buried
type having all child particles unexposed to thésale, meanwhile FIG. 1(b)
shows another type having a part of the child jgéat exposed outside of a cerium-
containing silica layer and an easily soluble sitmontaining layer.

As illustrated in FIG. 1, the first composite pak of this invention 20 has
a mother particle 10, a cerium-containing silicgdal2 on the surface of the
mother particle 10, child particles 14 dispersedhia cerium-containing silica
layer 12 or an easily soluble silica 16, and thsilgasoluble silica 16 as the
outermost layer.

Marks A in FIG. 1 indicate measurement points X to Z ofMHEDS
analysis described later.

[0032]

The present inventors presume a mechanism of foomaf the cerium-

containing silica layer in the first composite pele of this invention, and a

mechanism allowing the child particles to stay distted inside the cerium-
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containing silica layer, as follows.

Assuming now the case where tetraethyl orthodiid®i(OGHs),) is
hydrolyzed and polycondensed under addition of amona to obtain a silica sol,
and then a cerium salt solution is added theretidendoncurrently adding an
alkali, to thereby neutralize the cerium salt smint Then cerium hydroxide and
cerium compound, for example, adhere on the suréddbe silica sol particle
(silica particle), the surface of the silica pakiceacts with cerium hydroxide, and
after being mediated through cerium hydroxide ailidis acid-containing cerium
silicate compounds and so forth, a layer contair@eg- Si0,- SIOH and Ce®
ultrafine particle (with a particle size of 2.5 ronlarger) (also referred to as
“Ce0O, ultrafine particle-containing layer”, hereinaftes)formed outside the silica
particle. The layer is considered to be formed assult of dissolution of the
surface of silica particle reacted with cerium hyxide, and subsequent
solidification while being affected by oxygen amaferth. As such reaction
proceeds, the CeQultrafine particle-containing layer is formed oidlis the silica
particle.

After drying and firing at around 1,000°C, Cgdtrafine particles having
a particle size of 2.5 nm or larger, which residside the thus formed CeO
ultrafine particle-containing layer, grow into langparticles while capturing
cerium ions that reside in the layer, and finalhpwg up into crystalline ceria
particles of approximately 10 to 20 nm in diameteHence, the crystalline ceria
particles can stay distributed inside the ceriumtaming silica layer. The
crystalline ceria particles (child particles) pregd according to such mechanism
is less likely to cause mutual bonding. In additithe layer will contain cerium
atoms that have not grown up into the crystallieea particle.

Meanwhile, after being fired, being allowed teplerse into a solvent, and
being crushed while keeping the pH at 8.6 to 1ihB,hard cerium-containing

silica layer, obtained by high-temperature firimguses dissolution of silica to
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create an equilibrium between dissolution of sileaed deposition of silica. Thus
the easily soluble silica-containing layer is fonas the outermost layer of the
composite particle.

In another exemplary case where the easily selsbica-containing layer
is thickened for reinforcement, a silica-containadditive is added after crushing
or centrifugation, and the mixture is ripened unbeating at 10 to 98°C, so as to
allow silica to deposit on the composite partidefarm an outermost shell, and
thereby the easily soluble silica-containing lay&liso referred to as “easily-soluble
silica layer”, hereinafter) is formed.

[0033]

The schematic drawing in FIG. 1, aimed at easyeustnding, has
illustrated the mother particle 10, the cerium-@ning silica layer 12, the child
particles 14 and the easily-soluble silica layeriri@ clearly discriminable manner.
However, the actual first composite particle ofstimvention, presumably formed
according to the aforementioned mechanism, contdiese components in an
integrated manner, so that it is difficult to clladiscriminate the mother particle
10, the cerium-containing silica layer 12, the dhplarticles 14 and the easily-
soluble silica layer 16, by any method other thantcast analysis in STEM/SEM
image or EDS analysis.

Note, however, that the structure illustrated IGF1 may be confirmed by
treating the first composite particle of this int@m with an alkali to remove the
easily-soluble silica layer, and by analyzing assrgection of the first composite
particle of this invention by the STEM-EDS analysisdetermine element
concentrations of Ce and Si.

More specifically, the first composite particle thfis invention is alkaline-
treated by a method detailed later to remove tls#lyeaoluble silica layer, and
then analyzed by EDS by which an electron beaneliscsively irradiated on points

specified under a scanning transmission electrasrascope (STEM), and the
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element concentrations of Ce and Si are measuredarnss section of the first
composite particle of this invention, at the measouent points X indicated in FIG.
1. Ratio (percentage) of molar concentration of ©ethe total of molar
concentration of Ce and molar concentration ofG/(Ce + Si) x 100) is found to
be smaller than 3%. Meanwhile, from the measurdméelement concentrations
of Ce and Si at measurement points Z, the ratiocgregage) of molar
concentration of Ce, to the total of molar concatitm of Ce and molar
concentration of Si (Ce/(Ce + Si) x 100) is foundoe larger than 50%.
Furthermore, from the measurement of element comaBans of Ce and Si at
measurement points Y, the ratio (percentage) ofamobncentration of Ce, to the
total of molar concentration of Ce and molar corication of Si (Ce/(Ce + Si) x
100) is found to be 3 to 50%.

Hence on an element map obtained by the STEM-Efxyais, the mother
particle 10 and the cerium-containing silica lag@rin the first composite particle
of this invention are discriminable by using a liaeng which the ratio
(percentage) of molar concentration of Ce, to ttaltof molar concentration of Ce
and molar concentration of Si (Ce/(Ce + Si) x 1B8% a value of 3%. Meanwhile
on an element map obtained by the STEM-EDS anaglyisescerium-containing
silica layer 12 and the child particles 14 in tivstfcomposite particle of this
invention are discriminable by using a line alongieh the ratio (percentage) of
molar concentration of Ce, to the total of molancentration of Ce and molar
concentration of Si (Ce/(Ce + Si) x 100) has a gabdfi 50%.

[0034]

The first composite particle of this invention htag easily soluble silica-
containing layer (easily-soluble silica layer 16ytside of the cerium-containing
silica layer 12. The easily-soluble silica layér, tontaining silica, is difficult to
be discriminated clearly from the cerium-containgiica layer 12 by the STEM-

EDS analysis. The easily soluble silica-containiager may, however, be
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confirmed by keeping the first composite particfalus invention under stirring in
an agueous alkaline solution, and by measuringctimeentration of Si dissolved
into the solution.

More specifically, a dispersion having the firsintposite particle of this
invention dispersed in water is adjusted to pH%Mging nitric acid or aqueous
sodium hydroxide solution, further adjusted to Bh@ss% by adding deionized
water, the mixture is stirred for 15 minutes, sa@sllow the easily-soluble silica
layer 16 to dissolve. The mixture is then placedicentrifugal tube with
ultrafiltration membrane, and centrifuged at 18200630 minutes, during which
the constituents of the easily-soluble silica lages considered to pass through the
ultrafiltration membrane. The liquid separatedotingh the ultrafiltration
membrane is collected and then measured regardiogrigentration. Letting the
mass of silica dissolved in the supernatant heddd the mass of ceria-based
composite particle be Dthen the first composite particle of this invemtihaving
the easily-soluble silica layer 16 gives a rati@DD; to D, (D = Di/D, x 100) of
0.08 to 30%. This enables discrimination from tloenposite particle free of the
easily-soluble silica layer.

[0035]
<Second Composite Particle of This Invention>

The second composite particle of this inventiohl e explained.

The second composite particle of this inventios hastructure typically
illustrated in FIG. 2. Both of FIG. 2(a) and FI&b) are schematic sectional
views of the second composite particle of this mven. FIG. 2(a) shows a
buried type having all child particles unexposedhe outside, meanwhile FIG.
2(b) shows another type having a part of the chadticles exposed outside of the
cerium-containing silica layer.

As illustrated in FIG. 2, the second compositetigée of this invention 20

has the mother particle 10, the cerium-containiiigalayer 12 on the surface of
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the mother particle 10, and the child particlesdigpersed in the cerium-
containing silica layer 12.

Marks A in FIG. 2 indicate measurement points X to Z of 8ITEM-EDS

analysis described later.
[0036]

The present inventors presume a mechanism of foomaf the cerium-
containing silica layer in the second compositetipbr of this invention, and a
mechanism allowing the child particles to stay distted inside the cerium-
containing silica layer, as follows.

Assuming now the case where tetraethyl orthosiid®i(OGHs),) is
hydrolyzed and polycondensed under addition of amono to obtain a silica sol,
and then a solution containing a cerium salt solutand a salt of different element
iIs added thereto while concurrently adding an aJkalthereby neutralize the
solution containing a cerium salt and a salt ofetént element. Then cerium
hydroxide, cerium compound, hydroxide of the diffier atom, compound of
different atom, as well as composite hydroxide anthposite compound of these
elements adhere on the surface of the silica sdlgha (silica particle), the surface
of the silica particle reacts with cerium hydroxjdad after being mediated
through cerium hydroxide, cerium compound, siliamd and compound of
different element compound, a layer containing @&00,- SIOH or
MOx-CeQ- Si0,- SIOH and Ce@ultrafine particle (with a particle size of 2.5 nm
or larger) (also referred to as “Ceg0Oltrafine particle-containing layer”,
hereinafter) is formed outside the silica particlel he different atom in this
process resides inside the Ga@trafine particle-containing layer or the CeO
ultrafine particle. The Cefultrafine particle-containing layer is consideredbe
formed as a result of dissolution of the surfaceitita particle reacted with
cerium hydroxide, and subsequent solidification iehieing affected by oxygen

and so forth. As such reaction proceeds, the d@afine particle-containing
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layer containing the different atom is formed.

After drying and firing at around 1,000°C, Cg@trafine particles having
a particle size of 2.5 nm or larger, which residside the thus formed CgO
ultrafine particle-containing layer, grow into langparticles while capturing
cerium ions that reside in the layer, and finaltpwy up into crystalline ceria
particles of approximately 10 to 20 nm in diameteHence, the crystalline ceria
particles can stay distributed inside the ceriumtaming silica layer. After
having gone through such process, the crystallareacparticle will have silicon
atom and different atoms solid-solubilized thereirmhe crystalline ceria particles
(child particles) produced according to such med$rans less likely to cause
mutual bonding. In addition, the layer will comiaerium atoms that have not
grown up into the crystalline ceria particle.

[0037]

The schematic drawing in FIG. 2, aimed at easyeusthnding, has
illustrated the mother particle 10, the cerium-@ning silica layer 12, and the
child particles 14 in a clearly discriminable manneHowever, the actual second
composite particle of this invention, presumablynfied according to the
aforementioned mechanism, contains these compomemis integrated manner, so
that it is difficult to clearly discriminate the rtieer particle 10, the cerium-
containing silica layer 12, and the child particlesby any method other than
contrast analysis on STEM/SEM image or EDS analysis

Note, however, that the structure illustrated IG&F2 may be confirmed by
the STEM-EDS analysis for measuring element corregimins of Ce and Si on a
cross section of the second composite particldisfinvention.

More specifically, the second composite partici¢hos invention is
analyzed by EDS by which an electron beam is selelstirradiated on points
specified under a scanning transmission electrasrascope (STEM), and the

element concentrations of Ce and Si are measuredanss section of the second
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composite particle of this invention, at the measouent points X indicated in FIG.
2. Ratio (percentage) of molar concentration of ©©ethe total of molar
concentration of Ce and molar concentration of(&/(Ce + Si) x 100) is found to
be smaller than 3%. Meanwhile, from the measurdméelement concentrations
of Ce and Si at measurement points Z, the ratiocgrgage) of molar
concentration of Ce, to the total of molar concatitm of Ce and molar
concentration of Si (Ce/(Ce + Si) x 100) is foundoe larger than 50%.
Furthermore, from the measurement of element comaBans of Ce and Si at
measurement points Y, the ratio (percentage) ofamobncentration of Ce, to the
total of molar concentration of Ce and molar corication of Si (Ce/(Ce + Si) x
100) is found to be 3 to 50%.

Hence on an element map obtained by the STEM-EfRxyais, the mother
particle 10 and the cerium-containing silica lag@rin the second composite
particle of this invention are discriminable by mgia line along which the ratio
(percentage) of molar concentration of Ce, to ttaltof molar concentration of Ce
and molar concentration of Si (Ce/(Ce + Si) x 1B8% a value of 3%. Meanwhile
on an element map obtained by the STEM-EDS anglyisescerium-containing
silica layer 12 and the child particles 14 in tlee@nd composite particle of this
invention are discriminable by using a line alongieh the ratio (percentage) of
molar concentration of Ce, to the total of molancentration of Ce and molar
concentration of Si (Ce/(Ce + Si) x 100) has a eabfi 50%.

[0038]

The STEM-EDS analysis described in this specifarais on the premise

of observation at 800,000x magnification.
[0039]

When analyzed by the STEM-EDS analysis and sules@geiement

mapping on the cross sections, the first compgsaticle of this invention and the

second composite particle of this invention, havihg structures illustrated in
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FIGs. 1 and 2, show at least one layer (composexené particle) having a
relatively high ceria concentration, on the waynfirthe outermost shell to the
central mother particle (mainly composed of amowphsilica).

[0040]
<Mother Particle>

The mother particle will be explained below.

As described previously, the mother particle esedlmined by a moiety
where the ratio (percentage) of molar concentratib@e, to the total of molar
concentration of Ce and molar concentration of(&/(Ce + Si) x 100) is found to
be smaller than 3%, when the composite particlthisf invention is analyzed by
the STEM-EDS analysis, and the element concentmataf Ce and Si are
determined on a cross section of the compositagearof this invention as
illustrated in FIG. 1 or 2.

[0041]

Since the composite particle of this invention haes average particle size
within the range from 50 to 350 nm, so that thearppmit of the average particle
size of the mother particle is inevitably smalleah 350 nm. Now, the average
particle size of the mother particle in this patapplication is defined to be same
as the average particle size of the silica-basetigh@a contained in the silica-based
particle dispersion, used in later-described Step the first manufacturing
method of this invention, or in Step 4 of the setomanufacturing method of this
invention. With the average particle size of thether particle controlled within
the range from 30 to 330 nm, the composite partélehis invention is suitably
used.

The dispersion of this invention, which is obtadngsing the silica-based
particle with an average particle size of 30 to 38® as a starting material, and
when used as an abrasive, is less likely to caas®@hes in association with

polishing. If the average particle size of the heatparticle is smaller than 30
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nm, the dispersion of this invention obtained bingssuch silica-based particle
and used as an abrasive tends to fail in achieaipgactical level of polishing rate.
Also the average particle size of the mother p&texceeding 330 nm tends to fail
in achieving a practical level of polishing ratedaalso tends to degrade surface
accuracy of a target substrate to be polished. sllhea-based particle preferably
shows monodispersity.

[0042]

The average particle size of the mother partislemeasured as described
below.

First, the composite particle is observed by ti€MR-EDS analysis at
800,000x magnification, to determine a line alongah the ratio (percentage) of
molar concentration of Ce, to the total of molancentration of Ce and molar
concentration of Si (Ce/(Ce + Si) x 100) is foundoe 3%, and thereby the mother
particle is specified. Next, on an image obtaibgdhe STEM-EDS analysis, the
maximum diameter of the mother particle is assum®the long axis, and the
length thereof is determined to be long diametelr)(D On the other hand, a
bisection point is found on the long axis, then tpaints where a line orthogonal
to the long axis at the bisection point crossesater edge of the particle are
found, and the distance between such two pointslatermined to be short
diameter (DS). A geometric mean value of the ldmgmeter (DL) and the short
diameter (DS) is determined to be the particle sizthe mother particle.

The particle size is measured for 50 mother pkesicand a simple average
of the obtained values is determined to be the ayeparticle size.

[0043]

The mother particle may have any shape withoutigghéimitation, which
is exemplified by shapes of sphere, charcoal ssi@ple fiber, cocoon, tetrahedron
(trigonal pyramid), hexahedron, octahedron, plategular shape, porous body,

okoshi (Japanese millet-brittlekompeito (Japanese rock candy), and raspberry
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(spherical or near-spherical particle with the aggf on which projections or
granular parts are scattered).
[0044]

The mother particle is preferably has a spherstape. The spherical
shape means that percentage of abundance of gartiéth a short diameter
(DS)/long diameter (DL) value of 0.8 or smallerli8% or below. The percentage
of abundance of particles is determined by meagusi® mother particles. The
mother particle more preferably has a percentagebohdance of particles with a
ratio represented by short diameter/long diametduey of 0.8 or smaller of 5% or
smaller, which is more preferably 0%.

[0045]

The mother particle is mainly composed of amorhsilica, and is usually
composed of silica particle. The silica particdepreferably used since it may
easily be prepared in the form of sphere with hygimhiformity of particle size, and
may be prepared into a wide variety of particlessiz

[0046]

The majority of amorphous silica in the mothertpde may be confirmed
typically by the method below. A dispersion coniag the mother particle (silica
particle), namely a silica particle dispersiondrsed, crushed in a mortar, and
analyzed using, for example, a known X-ray diffaoeter (RINT1400, from
Rigaku Corporation) to obtain an X-ray diffractipattern. The majority of
amorphous silica in the mother particle is confidre the absence of a peak
assignable to crystalline silica such as cristdlkali Conversely, such case is
understood to prove the majority of amorphous aiiic the mother particle.

[0047]

Alternatively, the dispersion of this inventiondsied, embedded in a resin,

coated with Pt by sputtering, and thinned usinghavikn focused ion beam (FIB)

apparatus to prepare a cross-section sample. husegrepared cross-section

22



sample is observed under a known TEM apparatusaaatyzed by fast Fourier
transformation (FFT) to obtain a FFT pattern, baltyato find absence of
diffraction pattern assignable to crystalline slisuch as cristobalite. From the
result, majority of amorphous silica in the motlparticle may be confirmed.
Also such case is understood to prove the majarfitgmorphous silica in the
mother particle.

[0048]

According to still another exemplary method, asss<@ample prepared in
the same way is subjected to known TEM analysisligerve presence or absence
of lattice fringe attributable to atomic arrangemehthe mother particle.
Crystalline structure gives observable lattice gen meanwhile amorphous
structure gives no observable lattice fringe. Frb@ result, majority of
amorphous silica in the mother particle may be oomdd. Also such case is
understood to prove the majority of amorphous aiiic the mother particle.

[0049]

The mother particle is mainly composed of amorghsilica, but may

contain other substances such as crystalline sdimhimpurity elements.
[0050]

For example, content ratio of each of element$uisiong Na, Ag, Ca, Cr,
Cu, K, Mg, Ti and Zn (occasionally referred to apécific impurity group 17,
hereinafter) in the mother particle is preferabf00lppm or less, more preferably
50 ppm or less, even more preferably 25 ppm or, lgssmore preferably 5 ppm or
less, and furthermore preferably 1 ppm or less.

Meanwhile, content ratio of each of elements idahg U, Th, Cl, NQ,

SO, and F (occasionally referred to as “specific impugroup 2", hereinafter) in
the mother particle is preferably 5 ppm or less.
[0051]

Now, the content ratio of the specific impurityogp 1 or the specific
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impurity group 2 in the mother particle (silica-leasparticle) and the later-
described composite particle of this invention méaa content ratio relative to dry
weight of silica.

The content ratio relative to dry weight of silioceeans mass ratio
(percentage) of a target substance to be measapettific impurity group 1 or
specific impurity group 2), relative to mass of Si€lculated from the content
ratio of Si contained in the target substance toneasured (mother particle (silica-
based particle) or the composite particle of timgeintion). Now the content ratio
of Si means a value determined by a method destidaer in Example, in which
the ceria-based composite particle dispersion igesied to ignition loss test at
1000°C to determine the solid matter concentrattbe,residue is further analyzed
by ICP (inductively coupled plasma) atomic emissgpectrometry to determine
content ratio of Ce, which is then converted toteom ratio of Ce@, and the
balance of the solid content is assumed to be.SiO

[0052]

Most silica particle prepared from water glasstaoms approximately
several thousand ppm in total of the specific imfgyugroup 1 and the specific
impurity group 2 derived from such water glass.

A silica particle dispersion having such silicatpae dispersed in a
solvent might be ion-exchanged to reduce the cdamainos of the specific
impurity group 1 and the specific impurity group 2But even so, several ppm to
several hundred ppm in total of the specific impugroup 1 and the specific
impurity group 2 would remain. Hence the silicatpde obtained from water
glass, when used, is occasionally treated with &ziceduce the impurities.

In contrast, a silica-based particle dispersianihg mother particle
(silica-based particle) synthesized from alkoxysdalispersed in a solvent, usually
contains 100 ppm or less of each element in theifpempurity group 1, and 5

ppm or less of each element and each anion ingkeic impurity group 2.
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[0053]

Now in this invention, the content ratio of eadhNa, Ag, Al, Ca, Cr, Cu,
Fe, K, Mg, Ni, Ti, Zn, U, Th, Cl, N@ SO, and F in the mother particle (silica
particle) is individually determined by the methduis ow.

- Na and K: atomic absorption spectrometry
- Ag, Al, Ca, Cr, Cu, Fe, Mg, Ni, Ti, Zn, U and TICP (inductively coupled
plasma) atomic emission spectrometry
- Cl: potentiometric titration
-NQOs, SO, and F: ion chromatography
[0054]

The mother particle suitably employed here hasodenate reactivity with
cerium (mass of dissolution of mother particle part mass of ceria). When a
metal salt of cerium and a salt of different atorma added to the silica-based
particle dispersion in Step 1 of the first manutaotg method of this invention, a
part of silica is dissolved by cerium, thereby thether particle is downsized, and
a precursor of the cerium-containing silica laylattcontains cerium microcrystal
is formed on the surface of the partially dissolvedther particle. Alternatively,
when a metal salt of cerium and a salt of differatdm are added to the silica-
based particle dispersion in Step 4 of the secoadufacturing method of this
invention, a part of silica is dissolved by ceriutinereby the mother particle is
downsized, and a precursor of the cerium-contairitiga layer that contains
cerium microcrystal is formed on the surface of pagtially dissolved mother
particle. If the silica were highly reactive witierium, the precursor of the
cerium-containing silica layer would be thick, atids would thicken the cerium-
containing silica layer after firing, or would exssvely increase ratio of silica in
the layer, and this would make the crushing processtep 2 or Step 5 difficult.
On the contrary, if the silica were extremely legactive with cerium, the cerium-

containing silica layer would not be fully formemaking the ceria child particles

25



more likely to fall. Now with an appropriate reatty with cerium, excessive
dissolution of silica is suppressed, the ceriumtaanng silica layer is thickened
to an appropriate degree, the child particle aevented from falling, and the
bonding strength becomes larger than the bondirepgth among composite
particles, so that the fired product will advantagely be easy to crush.

[0055]
<Child Particle Contained in First Composite Pdeiof This Invention>

The child particle contained in the first compegparticle of this invention
will be explained below.

As described previously, the child particle isetetined by a moiety where
the ratio (percentage) of molar concentration of ©ethe total of molar
concentration of Ce and molar concentration ofG&/(Ce + Si) x 100) is found to
exceed 50%, when the first composite particle of thvention is treated with
alkali to remove the easily-soluble silica layemdahen analyzed by the STEM-
EDS analysis, and the element concentrations cAri@eSi are measured on a cross
section of the first composite particle of this @mtion illustrated in FIG. 1.

[0056]

The child particles mainly composed of crystalloeria (referred to as
“ceria child particle”, hereinafter) in the firsomposite particle of this invention
are dispersed inside the cerium-containing sileygel disposed on the mother
particle, and preferably have a particle size disition represented by a
coefficient of variation (CV value) of 10 to 60%.This means that the child
particles have a broad particle size distributioM/hen the first dispersion of this
invention, containing the ceria child particle wghch large particle size
distribution, is used as a polishing abrasive géetdispersion, an early stage of
polishing proceeds with the aid of large-sized dlphrticles that are brought into
contact with a target substrate to be polished. erEiv such child particles should

be dislocated under polishing pressure or wornasutactured, the small-sized
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child particles then come into contact with thegetrsubstrate to be polished, while
keeping a large contact area. Polishing can tloeegbroceed efficiently at stable
polishing rate.

[0057]

In the first composite particle of this inventiahge child particles that are
distributed inside the cerium-containing silicad¢ayreferably shows a particle
size distribution represented by a coefficient afiation (CV value) of 10 to 60%,
which is more preferably 14 to 40%, even more padhey 16 to 35%, and yet more
preferably 17 to 30%.

[0058]

As for the first composite particle of this inveat, the particle size
distribution of the child particles is measureddascribed below.

First, the composite particle is observed by ti&€BR-EDS analysis at
800,000x magnification, to determine a line alongah the ratio (percentage) of
molar concentration of Ce, to the total of molancentration of Ce and molar
concentration of Si (Ce/(Ce + Si) x 100) is foundoe 50%, and thereby the child
particle is specified. Next, the maximum diameiéthe child particle is assumed
as the long axis, and the length thereof is deteeaiito be long diameter (DL).

On the other hand, a bisection point is found anlthng axis, then two points
where a line orthogonal to the long axis at theebion point crosses the outer
edge of the particle are found, and the distand¢evden such two points are
determined to be short diameter (DS). A geomaeatreéan value of the long
diameter (DL) and the short diameter (DS) is deiaad to be the particle size of
the child particle.

Measurement of the particle size for 100 or mdrédcparticles can yield a
particle size distribution and a number averageil@ghverage of particle size of
100 or more child particles). In this patent apgtion, such number average

value is also referred to as “geometric mean pkerticze”.
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[0059]

As for the first composite particle of this inveort, the coefficient of
variation (CV value) that represents the particie slistribution of the child
particles is calculated by finding a standard dgermaand a number average value
while assuming the thus obtained particle sizerdigtion to be a population, then
by dividing the standard deviation by the numbeerage value, and by
multiplying the quotient by 100, [that is, (standaleviation/number average
value) x 100].

[0060]

The child particle preferably has a geometric mparticle size of 10 to 30
nm, which is more preferably 12 to 28 nm.

With the geometric mean particle size of the clpédticles exceeding 30
nm, the precursor particle having such ceria cpadticles tends to become less
crushable in Step 2 due to sintering or coagulaéfiar firing. Such ceria-based
composite particle dispersion, when used for patighmay disadvantageously
cause scratches on a target object to be polishbteanwhile, the child particles
with a geometric mean particle size of smaller thi@mm, when used again for
polishing, may tend to become difficult to achieve@ractically sufficient rate of
polishing.

[0061]

The child particle is preferably a single crystal,may be an aggregate of
single crystals (that is, an aggregate having arogieneous phase interposed
among the ceria crystals).

The single crystallinity may be confirmed on thesks of an overall
coincidence between the average crystallite sizainbd by X-ray diffractometry
and the geometric mean particle size obtained BySREM-EDS analysis. Also a
polycrystal (an aggregate without a heterogenetasse interposed among the

ceria crystals) may partially be contained.
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[0062]

The child particles may also be stacked. Thaaiplurality of child
particles may fall on a line that extends throulgé terium-containing silica layer
radially from the center of the mother particle.

The child particles may also be buried in the wercontaining silica layer
or in the easily soluble silica-containing layer,may partially be exposed out
from the cerium-containing silica layer or the éasioluble silica-containing layer.
When the child particles are buried in the ceriuom@ining silica layer or the
easily soluble silica-containing layer, the surfa¢d¢he ceria-based composite
particle becomes more similar to the surface d€ajlthus improving shelf
stability and polishing stability, and reducing ideence of the abrasive particle on
the surface of substrate after polished. The cpédicles are therefore preferably
buried in the cerium-containing silica layer or #a&sily soluble silica-containing
layer.

[0063]

The child particles may have any shape withoutsgddimitation, which
may be spherical, elliptic, or rectangular. Foe ttase where the dispersion of
this invention is intended for polishing at highligbing rate, the child particles are
preferably aspherical, and more preferably rectéangu

[0064]

The child particle distributed within the ceriuro+ttaining silica layer
disposed on the mother particle may form a monalayea plurality of child
particles may be stacked (that is, a plurality bild particles are kept stacked in
the thickness direction of the cerium-containinkcsi layer), or a plurality of child
particles may be linked.

The child particles distributed within the ceriwontaining silica layer
disposed on the mother particle may stay in a m@pmise state.

[0065]
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In the first composite particle of this inventiahge child particles are
mainly composed of crystalline ceria.

Majority of the crystalline ceria in the child genle may be confirmed
typically by the method below. The dispersion loitinvention is dried, the
obtained solid matter is crushed in a mortar, amalyzed using, for example, a
known X-ray diffractometer (RINT1400, from Rigakwfporation) to obtain an X-
ray diffraction pattern. The majority of crystalé ceria is confirmed by that only
a crystal phase of ceria is detected. Such casadsrstood to indicate the
majority of the crystalline ceria in the child pates. The crystal phase of ceria
is typically, but not limited to, cerianite.

[0066]

The child particles, mainly composed of crystadliceria (crystalline Ce
oxide), may contain other substances, for examgllEments other than cerium.
Still alternatively, a cerium hydrate may be contd as a promoter for polishing.

Note that, the first composite particle of thiz@mtion, analyzed by X-ray
diffractometry, only allows detection of crystalgde of ceria as described above.
That is, even if any crystal phase other than tiateria should be contained, the
content ratio thereof would be small, or would unttee detection limit by X-ray
diffractometry, since such crystal phase is sobtlibilized in the ceria crystal.

[0067]

The average crystallite size of the ceria childtigée is determined using
the full width at half maximum of a largest pealattappears in a chart obtained
after subjecting the first composite particle oistmvention to X-ray
diffractometry. Average crystallite size observadthe (111) plane is typically
10 to 25 nm (full width at half maximum: 0.86 ta3@°), preferably 14 to 23 nm
(full width at half maximum: 0.61 to 0.37°), and negpreferably 15 to 22 nm (full
width at half maximum: 0.57 to 0.39°). Althoughetpeak assignable to the (111)

plane has a maximum intensity in most cases, a peaignable to any other crystal
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plane, such as the (100) plane, may have a maximtensity. Also in such case,
the average crystallite size may be calculatechendgame way, in which the thus
calculated average crystallite size may be saméeasverage crystallite size on
the (111) plane.

[0068]

A method for measuring the average crystallite sizthe child particles
will be explained below, referring to the case be {111) plane (at around 2
28°).

First, the first composite particle of this invent is crushed using a
mortar, and analyzed using, for example, a knowra)Xdiffractometer
(RINT1400, from Rigaku Corporation) to obtain anrXy diffraction pattern.
Crystallite size may be determined on the basitheffull width at half maximum
of a peak assignable to a crystal plane correspbmal@ach crystal form. For an
exemplary case of cerianite, the full width at hakéximum of a peak at around
20= 28° assignable to the (111) plane in the X-rdyrdction pattern is measured,
and the average crystallite size may be determusdadg the Scherrer equation
below:

D = KA/Bcod
D: average crystallite size) );

K: Scherrer constant (K = 0.94 employed in thisantion);
L. X-ray wavelength (1.541%4 , Cu lamp);
B: full width at half maximum (rad); and
0: angle of reflection.
[0069]

In the first composite particle of this inventiahge crystalline ceria which
IS a major ingredient of the child particles prefiely has silicon atom solid-
solubilized therein. Silicon (Si) atom is not alyganecessarily, but preferably,

solid-solubilized.
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Solid solubilization usually means that two or m@&ements (metallic or
non-metallic) mutually dissolve to form a solid gleawhich is uniform overall.
Solid solution obtained as a result of solid solhation is classified into
substitutional solid solution and interstitial sbBolution. The substitutional
solid solution can easily occur between atoms hgatomic radii close to each
other. Ce and Si, however, largely differ in thenaic radius, and are therefore
considered to be unlikely to produce at least tigssitutional solid solution. In
addition, the crystal structure of cerianite hasoardination number of Ce of 8,
when viewed around the Ce center, and shall has@oadination number of Ce of
7, if Ce is replaced with Si in an equimolar mannelHowever, analytical results
of one preferred mode of the first composite p#&etaf this invention showed an
average coordination number of Ce of 8.0 when vitaweund the Ce center, and
an average coordination number of Si of 1.2, ansgl ldads us to estimate that the
interstitial solid solution is a preferred modetbé first composite particle of this
invention. The analytical results of the preferradde of the first composite
particle of this invention also teach that Ce-Sematomic distance is smaller than
Ce-Ce interatomic distance, and this also lead® wstimate that the interstitial
solid solution is a preferred mode of the first qguosite particle of this invention.
That is, cerium atom and silicon atom containedhia child particles preferably
satisfy a relation given by, R R,, where R represents the cerium-silicon
interatomic distance, and;Represents the cerium-cerium interatomic distance.

The ceria particle, when employed as an abrasarégle for polishing a
substrate with silica film or a glass substrates haen known to demonstrate
specifically high polishing rate, as compared wthle cases where other inorganic
oxide particles are employed. One of the reasonstdch especially high
polishing rate of the ceria particle on the suligtnaith silica film has been
ascribed to high chemical reactivity of the ceraatpcle against the silica film on

the substrate to be polished.
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In the child particles (ceria particles) whichideson the outer surface of
the first composite particle of this invention imetpreferred mode, Si atom is
considered to be interstitially solid-solubilized CeQ crystal. Solid
solubilization of Si atom causes crystal strairtled CeQ crystal, and this
promotes chemical reactivity of Ce@gainst the base silica, seemingly
demonstrating such high polishing rate.

Note that the aforementioned interatomic distanegsrding cerium atom
and silicon atom, represented by, R,, are defined to be average interatomic
distances measured by the methods described lateExamples.

[0070]
<Child Particle Contained in Second Composite R&tof This Invention>

The child particle contained in the second comigoparticle of this
invention will be explained below.

As described previously, the child particle isetetined by a moiety where
the ratio (percentage) of molar concentration of ©ethe total of molar
concentration of Ce and molar concentration ofG/(Ce + Si) x 100) is found to
exceed 50%, when the second composite particleatyaed by the STEM-EDS
analysis, and the element concentrations of CeSirade measured on a cross
section of the second composite particle of thiseention illustrated in FIG. 2.

[0071]

The child particles, mainly composed of crystadliceria (also referred to
as “ceria child particle”, hereinafter) in the sadocomposite particle of this
invention, are distributed in cerium-containingical layer disposed on the mother
particle, and the child particles contain the cajishe ceria as a major ingredient.
The child particles have Si which is solid-solubéd in the crystalline ceria, and
additionally have one or more kinds of differenvratsolid-solubilized therein.

[0072]

Majority of the crystalline ceria in the child gerle may be confirmed
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typically by the method below. The second dispmrf this invention is dried
and then crushed in a mortar, and analyzed usorgexXample, a known X-ray
diffractometer (RINT1400, from Rigaku Corporaticim) obtain an X-ray
diffraction pattern. The majority of crystallinerga is confirmed by that (i) only
a crystal phase of ceria is detected, or thatofily a crystal phase of ceria and
crystal phase(s) of oxide(s) of the different atejrdre detected. The crystal
phase of ceria is typically exemplified by cerianit

Conversely, such cases (i) and (ii) are understogarove the majority of
crystalline ceria in the child particles.

[0073]

Now the different atom means inorganic elemeng ttan be solid-
solubilized in the crystalline ceria, but excludisigicon atom.

The different atom will suffice if it is entirelgr partially solid-solubilized,
while allowing another portion to grow in the cedgystal to form an oxide crystal,
rather than being solid-solubilized therein.

The different atom is specifically exemplified BY, Fe, Co, Ni, Mn, Zr,
and lanthanide.

The child particles in the second composite petaf this invention have
Si and the different atom solid-solubilized in tberia crystal, and therefore cause
strain of ceria crystal due to difference of atomadii, or oxygen defect in the
crystal due to difference of valence. Since trerdlcerium produced now is
chemically active (highly reactive) against silicm, that the second composite
particle of this invention, when used as an abmasor polishing a substrate with a
silica-based film formed thereon or a glass sulistrean demonstrate higher
polishing rate.

[0074]
The second composite particle of this inventiogesdially has Si solid-

solubilized in the crystalline ceria in the childrpicles, and uniquely has the
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different atom solid-solubilized therein. Si, hagian atomic radius considerably
smaller than that of Ce, can introduce large straithe ceria crystal, but only a
small amount thereof can be solid-solubilized itite crystalline ceria. Then the
different atoms employable to be solid solubilizedlude elements such as La,
having small atomic radii but capable of introdugioxygen defect owing to their
trivalency; elements such as Zr, having the santence with Ce, but largely
different atomic radii and can therefore be solodubilized much in the cerium
crystal; and elements such as Al and Fe, havinettoadii largely different from
that of Ce, and capable introducing oxygen defeang to their trivalency. The
present inventors consider that such employmentimizoduce larger crystal strain
or larger number of oxygen defects due to diffeeentvalence, and can produce
much trivalent cerium which is chemically activeaagst SiQ, so that the second
composite particle of this invention, when usednasabrasive for polishing a
substrate with a silica-based film formed thereom @lass substrate, can
demonstrate higher polishing rate.

The present inventors further consider that intiicbn of such different
element can demonstrate an effect of increasingress of the cerium-containing
silica layer as compared with the case free ofdifierent element since the
crushing time tends to become longer. This predquynadds a mechanical
polishing effect (frictional effect) during poligihg, and increases the polishing
rate. Also employment of the fired product in ha@ishing might increase the
polishing rate owing to the effect of increaseddmaass, but coarse sintered product
(coarse particle) produced by firing, and is natstred, would cause considerable
amount of scratches. Meanwhile, with firing withan appropriate temperature
range so as to control the average crystallite sfzeeria to 25 nm or smaller, only
an effect of increasing the hardness is obtainalblige suppressing production of
such hard-to-crush coarse sintered product. Thegblishing rate will increase,

meanwhile the scratches will be less likely to accu
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[0075]

The child particles contains crystalline ceriay&alline Ce oxide), as well
as silicon atom and the different atom, and maly also contain other substances.

Note that, the second composite particle of thiention, analyzed by X-
ray diffractometry, only allows detection of crysfdhase of ceria, and crystal
phase of oxide of the different atom as describeava. That is, even if any
crystal phase other than that of ceria and thestkfit atom should be contained,
the content would be small, or would fall under ttetection limit of X-ray
diffractometry.

[0076]

The average crystallite size of the crystallineé@eontained in the child
particles is determined using the full width atfrbximum of a largest peak that
appears in a chart obtained after subjecting tlters¢ composite particle of this
invention to X-ray diffractometry. Average cryditd size observed on the (111)
plane is typically 10 to 25 nm (full width at hatfaximum: 0.86 to 0.34°),
preferably 14 to 23 nm (full width at half maximu®.61 to 0.37°), and more
preferably 15 to 22 nm (full width at half maximu®.57 to 0.39°). Also the
crystallite size on the crystal planes other tham ({L11) plane, such as on the (100)
plane, may be calculated in the same way, in wihehthus calculated average
crystallite size may be same as the average ciitstalze on the (111) plane.
Although the peak assignable to the (111) planeahamximum intensity in most
cases, a peak assignable to any other crystal ptarcd as the (100) plane, may
have a maximum intensity.

[0077]

A method for measuring the average crystallitee ©f crystalline ceria
contained in the child particles will be explainleelow, referring to the case on the
(111) plane (at aroundo2= 28°).

First, the second composite particle of this inv@mis crushed using a
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mortar, and analyzed using, for example, a knowra)Xdiffractometer

(RINT1400, from Rigaku Corporation) to obtain anrXy diffraction pattern.
Crystallite size may be determined on the basigheffull width at half maximum

of a peak assignable to a crystal plane correspbhaleach crystal form. For an
exemplary case of cerianite, the full width at hmkdiximum of a peak at around 2

= 28° assignable to the (111) plane in the X-rd§rdction pattern is measured, and
the average crystallite size may be determinedgugie Scherrer equation below:

D = KA/Bcod
D: average crystallite sized( );

K: Scherrer constant (K = 0.94 employed in thisention);
L. X-ray wavelength (1.541% , Cu lamp);
B: full width at half maximum (rad); and
0: angle of reflection.
[0078]

The second composite particle of this inventiommsque in that silicon
atom is solid-solubilized in the crystalline cewahich is the major ingredient of
the child particles. Solid solubilization usuatheans that two or more elements
(metallic or non-metallic) mutually dissolve to fora solid phase which is uniform
overall. Solid solution obtained as a result didgsolubilization is classified into
substitutional solid solution and interstitial sbBolution. The substitutional
solid solution can easily occur between atoms hgatomic radii close to each
other. Ce and Si, however, largely differ in themaic radius, and are therefore
considered to be unlikely to produce at least thessitutional solid solution. In
contrast, La and Ce have the atomic radii closeaoh other, and are considered to
be easy to produce the substitutional solid sotutioThe crystal structure of
cerianite, which can be contained in the secondpmsite particle of this
invention, has a coordination number of Ce of 8ewliewed around the Ce

center, and shall have a coordination number obfC%, if Ce is replaced with Si in
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an equimolar manner. However, analytical resuftere preferred mode of the
second composite particle of this invention occaallty showed an average
coordination number of Ce of 7.6 when viewed arotingl Ce center, and an
average coordination number of La of 0.4. It wasasionally shown that the
adjoining Ce-Ce interatomic distance was 8.8 , whsre adjoining Géa
interatomic distance was 38 . From the results,lth is considered to be solid
solubilized in the ceria crystal in a substitutibneanner. Meanwhile, the average
coordination number of Si was occasionally found&ol.2, and the adjoining Ce-
Si interatomic distance was found to be 31 . Ftbhmresults, Siis considered
to be interstitially solid-solubilized. That iseigum atom and silicon atom
contained in the child particles preferably satiafgelation given by R< Ry,
where R represents the interatomic distance between aidjgicerium and silicon
atoms, and Rrepresents the interatomic distance between aithgicerium atoms.
The second composite particle preferably contdmesdifferent element solid-
solubilized therein.

[0079]

The ceria particle, when employed as an abrasaréicle for polishing a
substrate with silica film or a glass substrates haen known to demonstrate
specifically high polishing rate, as compared witle cases where other inorganic
oxide particles are employed. One of the reasonstdch especially high
polishing rate of the ceria particle on the suligtnaith silica film has been
ascribed to high chemical reactivity of the ceratpcle against the silica film on
the substrate to be polished.

In the child particles (ceria particles) whichideson the outer surface of
the second composite particle of this inventiona®m is considered to be
interstitially solid-solubilized in Cefcrystal. Solid solubilization of Si atom
causes crystal strain of the Ce@ystal, and this promotes chemical reactivity of

Ce(, seemingly demonstrating such high polishing rat&€his action is presumed
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to be promoted by solid solubilization of the adiial different element. Mode
of solid solubilization of the different elementpbnds on the species. For
example, the different atoms such as Zr and Lajritathe atomic radii close to
that of Ce are considered to be solid-solubilizea@ isubstitutional manner,
meanwhile the different atoms such as Fe, Al, Cioatd Mn, having the atomic
radii largely different from that of Ce are congsidé to be interstitially solid-
solubilized.

Note that the aforementioned interatomic distanegsrding cerium atom,
silicon atom and oxygen atom, represented byRR and so forth, are defined to be
average interatomic distances measured by the rdstlescribed later in
Examples.

[0080]

The child particle preferably has a geometric mparticle size of 10 to 30

nm, which is more preferably 12 to 28 nm.
[0081]

The geometric mean particle size of the childtipbgs in the second
composite particle of this invention is measuredaiascribed below.

First, the composite particle is observed by ti€MR-EDS analysis at
800,000x magnification, to determine a line alongah the ratio (percentage) of
molar concentration of Ce, to the total of molancentration of Ce and molar
concentration of Si (Ce/(Ce + Si) x 100) is foundoe 50%, and thereby the child
particle is specified. Next, on an image obtaibgdhe STEM-EDS analysis, the
maximum diameter of the child particle is assumedhee long axis, and the length
thereof is determined to be long diameter (DL). tOa other hand, a bisection
point is found on the long axis, then two pointsen a line orthogonal to the long
axis at the bisection point crosses the outer exddgbe particle are found, and the
distance between such two points are determindxetshort diameter (DS). A

geometric mean value of the long diameter (DL) #melshort diameter (DS) is
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determined to be the particle size of the childtigée.

The particle size is measured for 100 or moredchdrticles, and a simple

average of the obtained values is determined tthbeaverage particle size.
[0082]

The ceria child particle is preferably a singlgstal, or may be an
aggregate of single crystals (that is, an aggrepateng a heterogeneous phase
interposed among the ceria crystals). This is bseahe single-crystalline
aggregate is crushed in the crushing process $o las fractured at the different
phase while less damaging the crystal, unlike polytal that causes fracture at the
crystal grain boundary while damaging the crystalrhe crystal free of damage,
when used for polishing, is less likely to slow dothe polishing rate.

The single crystallinity may be confirmed on thesks of an overall
coincidence between the average crystallite sizainbd by X-ray diffractometry
and the geometric mean particle size obtained BySREM-EDS analysis. Also a
polycrystal (an aggregate without a heterogenetasse interposed among the
ceria crystals) may partially be contained.

[0083]

With the geometric mean particle size of the clpédticles exceeding 30
nm, the precursor particle having such ceria cpadticles tends to become less
crushable in Step 2 due to sintering or coagulaéfiar firing. Such ceria-based
composite particle dispersion, when used for patighmay disadvantageously
cause scratches on a target object to be polishsteanwhile, the child particles
with a geometric mean particle size of smaller thi@mm, when used again for
polishing, may tend to become difficult to achieve@ractically sufficient rate of
polishing.

[0084]
The child particles may also be stacked. Thaaiplurality of child

particles may fall on a line that extends throulgé terium-containing silica layer
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radially from the center of the mother particle.

The child particles may also be buried in the eericontaining silica layer,
or may partially be exposed out from the ceriumteomng silica layer. This is
because the cerium-containing silica layer thatezevthe buried child particles can
easily separate, fall or dissolve during polishimighout interfering contact
between ceria and a substrate, making it posstbemonstrate high polishing
rate. The child particles buried in the cerium-@oning silica layer will not
separate or fall during storage, and the surfadd®fceria-based composite
particle will be more similar to silica, thus imptiag shelf stability and polishing
stability, and reducing residence of the abrasiadiple on the surface of substrate
after polished. The child particles are therefpreferably buried in the cerium-
containing silica layer.

[0085]

The child particles may have any shape withoutsddimitation, which
may be spherical, elliptic, or rectangular. Foe ttase where the dispersion of
this invention is intended for polishing at highligbing rate, the child particles are
preferably aspherical, and more preferably rectéagu

[0086]

The child particles distributed in the cerium-taining silica layer
disposed on the surface of the mother particle stay in a monodisperse state, or
may be stacked, or a plurality of child particleayrbe linked.

[0087]
<Cerium-Containing Silica Layer Contained in Fi@&dmposite Particle of This
Invention>

The first composite particle of this invention &g cerium-containing
silica layer on the surface of the mother particl&he child particles are
distributed in the cerium-containing silica layer.

[0088]
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With such structure, the child particles are |elssly to fall under pressure
exerted during crushing in the manufacturing prea@sduring polishing. Even if
a part of the child particles should fall, mosttbé child particles remain
immobilized in the cerium-containing silica laysyccessfully preventing the
polishing rate from decreasing.

[0089]

As described previously, the cerium-containinlicailayer is determined
by a moiety where the ratio (percentage) of molaraentration of Ce, to the total
of molar concentration of Ce and molar concentratd Si (Ce/(Ce + Si) x 100)
falls within the range from 3 to 50%, when the ficemposite particle of this
invention is treated with an alkali to remove tlesidy-soluble silica layer, and
then analyzed by the STEM-EDS analysis, and thmefd concentrations of Ce
and Si are measured on a cross section of thedosiposite particle of this
invention illustrated in FIG. 1.

[0090]

In an image (TEM image) of the first compositetpde of this invention,
obtained by observation under a transmission ed@ctnicroscope, the child
particles look dark on the surface of the mothetipke, meanwhile a part of the
cerium-containing silica layer on the circumfererasel the outside of the child
particles, that is, the surface of the first compmgarticle of this invention,
appears relatively bright. This part, when meaduegarding molar
concentrations of Si and Ce by the STEM-EDS analgsin be confirmed to have
very high molar concentration of Si. More spealig, the ratio (percentage) of
molar concentration of Ce, to the total of molancentration of Ce and molar
concentration of Si (Ce/(Ce + Si) x 100) falls witlthe range from 3 to 50%.

[0091]
The cerium-containing silica layer preferably lmsaverage thickness of

10 to 40 nm, which is more preferably 12 to 30 nm.
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Now the average thickness of the cerium-contairsiiga layer is
determined by treating the first composite partiatehis invention with an alkali
to remove the easily-soluble silica layer, drawlimgs at freely selected 12
positions from the center of the mother particleaods the outermost shell,
conducting the STEM-EDS analysis to obtain an eleimeap as described above,
determining on the element map lines along whidahridtio (percentage) of molar
concentration of Ce, to the total of molar concatitm of Ce and molar
concentration of Si (Ce/(Ce + Si) x 100) is founde 3%, measuring distances
from this line to the outermost shell of the fickstmposite particle of this invention
(distances measured on the lines that pass thrtheghenter of the mother
particle), and by finding a simple average of th&tahces. Note that the center of
the mother particle is given by an intersectionnpaf the aforementioned long
axis and the short axis.

[0092]

The cerium-containing silica layer in the firstneposite particle of this
invention is considered to promote bonding forceneen the child particles (ceria
particles mainly composed of crystalline ceria)tthee distributed and grown in
the cerium-containing silica layer during the fgiprocess, and the mother particle
(silica-based particle). The ceria-based compgsdteicle dispersion may be
obtained, for example in the step of obtaining fiihgt dispersion of this invention,
by subjecting the crushed fired product dispersibtained after firing to
preliminary dry crushing as necessary, followedw®st crushing, and further
followed by centrifugation. Now the cerium-contang silica layer is considered
to exhibit an effect of preventing falling of thaitd particles from the mother
particle. Local falling of the child particles mw acceptable, so that there is no
need of covering the entire surface of the childipbes with a part of the cerium-
containing silica layer. The cerium-containingcaal layer will suffice if it is rigid

enough to avoid loosening of the child particlestb@ mother particle.
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[0093]
<Easily Soluble Silica-Containing Layer Contain@dHirst Composite Particle of
This Invention>

The easily soluble silica-containing layer in fivst composite particle of
this invention may be formed as the outermost lafehe composite particle,
typically by adding an additive containing silicd@i example, acidic silicic acid
solution) during the process of obtaining the cedhired product dispersion or
after centrifugation, followed by heating at 1038°C for ripening, in the first
manufacturing method of this invention.

[0094]

The additive containing silica will suffice if @ontains 10 mass% or more

silica, and may contain other ingredient such asl@e Zr, Al or the like.
[0095]

In another exemplary method for forming the easjuble silica-
containing layer, crushing in Step 2 of the firsamafacturing method of this
invention may be conducted while keeping pH of fined product dispersion
within the range from 8.6 to 11.5, by which a pafrthe rigid cerium-containing
silica layer obtained after firing dissolves to &re an equilibrium between
dissolution and deposition during crushing, makiingossible to form the easily
soluble silica-containing layer with softness aadge solubility.

[0096]

The amount of silica that composes the easilydelgilica-containing
layer is determined as described below. The fishposite particle of this
invention is diluted with deionized water to 3.0 $880, pH is adjusted to 9.0 with
diluted aqueous sodium hydroxide solution or niatid, and the mixture is stirred
for 15 minutes. The mixture is then placed in atcéugal tube with
ultrafiltration membrane, and centrifuged at 18200630 minutes. After

centrifugation, the liquid separated through theeafiltration membrane is
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collected and then measured regarding,SiGncentration. Letting the mass of
ceria-based composite particle bg Bnd letting the mass of dissolved silica bg D
then the first composite particle of this inventioaving the easily-soluble silica
layer gives a ratio D of Dto D, (D = Di/D, x 100) of 0.08 to 30%.

[0097]

The thus formed easily soluble silica-containiagdr is a soft silica layer
with low density. Since the layer is also veryntlaind therefore hardly modifies
the average particle size of abrasive particlethed the particle size distribution is
considered to be kept unchanged. Hence, seemthghg is no effect of
chemically polishing the substrate, or no effecirafreasing depth of indentation
of the abrasive particle into the substrate.

However, the easily soluble silica-containing lgyeeing a low-density
and soft silica-containing layer, has an effectnmireasing contact area between
the composite particle and the substrate, and baisgft film, has an effect of
enhancing adhesive force (agglutination actionMeen the substrate and the
adhesive particle, or an effect of suppressingnglbf the adhesive particle. As a
consequence, frictional force between the substatethe composite particle
increases, and this seemingly increases the palijstdte. The softness of the
easily soluble silica-containing layer formed or tfurface of the abrasive particle
also relieves the substrate of concentrated steas$ suppresses scratching.
Hence, the dispersion of this invention, when uasdn abrasive, is considered to
achieve high polishing rate, less degradation ofazie accuracy, and less
scratching.

The easily soluble silica-containing layer mayeaftatively cover the
particle entirely, or may leave a part of the paeiuncovered, while allowing the
ceria child particle or the cerium-containing sailayer to expose. This is
because the agglutinating effect between the satesetnd the particle may be

demonstrated, and the polishing rate may be ineasy controlling the ratio D
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of the mass of easily soluble silica-containingdai), to the mass of ceria-based
composite particle Ppwithin the range from 0.08 to 30 mass%.
[0098]

The easily soluble silica-containing layer can mceénhance cohesion of
the ceria child particles, and has negative po&min its surface, and is therefore
considered to improve stability of the ceria-basedposite particle dispersion.

In addition, the easily soluble silica-containirayér is considered to exfoliate
easily under pressure during polishing, and to agllomto the positively-charged
surface of the ceria child particles having falthuring polishing, to thereby cover
ceria. Hence, the fallen ceria will have negatpe¢ential, and can act to suppress
the abrasive particle residue from residing ondubstrate. The fallen ceria child
particles can also suppress agglutination of themasite particle, demonstrating
an effect of reducing change of particle size dsttion between the states before
and after polishing, and of stabilizing the polisfpiperformance.

[0099]

The easily soluble silica-containing layer is kcsi-containing film with a
SiO, concentration exceeding 10%, and may contain dhgrangredient such as
Ce, La, Zr or Al. The Si@concentration exceeding 10% will be sufficient to
obtain the aforementioned effects.

[0100]

The first composite particle of this inventionvivag at least a part of the
surface of the child particles covered with theiger-containing silica layer and
the easily soluble silica-containing layer, natlyrdlas -OH groups of silica on its
outermost surface (outermost shell). Hence, wisadwas an abrasive, the first
composite particle of this invention is repelleddgctric charge of -OH group on
the surface of the substrate to be polished, anldus considered to become less
likely to adhere to the surface of the substratbe@olished.

[0101]
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Ceria usually has potential different from thogesidica, substrate to be
polished or polishing pad, and reduces its negateta potential when the pH
changes from alkali towards neutral or around, aurds to have positive potential
in a weak acidic region. Hence, at acidic pH dgrpolishing, ceria tends to
adhere onto the base to be polished or the polgspad, due to difference of
potential level or difference of polarity, and thiesnds to remain on the base to be
polished or polishing pad. In contrast, the festnposite particle of this
invention has silica on its outermost shell, and hagative charge attributable to
such silica, so that the first composite particha &eep the negative potential over
a pH range from alkaline to acidic, and thereby dbeasive particle becomes less
likely to remain on the base to be polished orgbéshing pad. When the fired
product is crushed in Step 2 of the first manufaoiy method of this invention
while keeping the pH above 9, a part of silicai¢silin the cerium-containing silica
layer) on the surface of the composite particle desolve. When the first
dispersion of this invention, manufactured underhsaonditions, is applied to
polishing while adjusting the pH below 7, the thdissolved silica can deposit on
the first composite particle of this invention (abive particle) and can form the
easily soluble silica-containing layer, thereby thweface of the first composite
particle of this invention will have negative potexh. If the potential is low, a
silica-containing additive may be added so as talenately reinforce the easily
soluble silica-containing layer.

An organic polymer such as polyacrylic acid migletapplicable to control
the potential of the child particles, whereas ihigention employs silica that softly
adhered on the surface to control the potentiataatageously reducing the
amount of consumption of organic substances, ankimgat less likely to cause
defects derived from the organic substances (resel®f organic substances, etc.)
on the base.

[0102]
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Modes of existence of silica in the first dispersiof this invention have a
wide variety. In some cases, the silica may beialéy dispersed or dissolved
into solvent rather than composing the first comigoparticle of this invention, or
may adhere on the surface of the first compositéiga of this invention.

[0103]
<Cerium-Containing Silica Layer Contained in Sec@uamposite Particle of This
Invention>

The second composite particle of this inventias bthe cerium-containing
silica layer on the surface of the mother particl&he child particles are dispersed
in the cerium-containing silica layer.

[0104]

With such structure, the child particles are Ikksly to fall under pressure
exerted during crushing in the manufacturing prea@sduring polishing. Even if
a part of the child particles should fall, mosttbé child particles remain
unloosened in the cerium-containing silica layeigeessfully preventing the
polishing rate from decreasing.

The cerium-containing silica layer may contain Rg, Co, Ni, Mn, Zr,
lanthanide and so forth introduced as the differdatnent.

[0105]

As described previously, the cerium-containingcsillayer is determined
by a moiety where the ratio (percentage) of molaraentration of Ce, to the total
of molar concentration of Ce and molar concentratd Si (Ce/(Ce + Si) x 100)
falls within the range from 3 to 50%, when the set@omposite particle of this
invention is analyzed by the STEM-EDS analysis, #mlelement concentrations
of Ce and Si are measured on a cross section addbend composite particle of
this invention illustrated in FIG. 2.

[0106]

In an image (TEM image) of the second compositeipla of this
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invention, obtained by observation under a transiois electron microscope, the
child particles look dark on the surface of the hestparticle, and a part of the
cerium-containing silica layer on the circumfererasel the outside of the child
particles, that is, the surface of the second caitp@article of this invention,
appears relatively bright. This part, when meaduegarding molar
concentrations of Si and Ce by the STEM-EDS analgsin be confirmed to have
very high molar concentration of Si. More spealig, the ratio (percentage) of
molar concentration of Ce, to the total of molancentration of Ce and molar
concentration of Si (Ce/(Ce + Si) x 100) falls witlthe range from 3 to 50%.
[0107]

The cerium-containing silica layer preferably lsasaverage thickness of
10 to 40 nm, which is more preferably 12 to 30 nm.

Now the average thickness of the cerium-contairsiiga layer is
determined by drawing lines at freely selected @&ipons from the center of the
mother particle towards the outermost shell, conicigcthe STEM-EDS analysis to
obtain an element map as described above, detergnomn the element map lines
along which the ratio (percentage) of molar concatiin of Ce, to the total of
molar concentration of Ce and molar concentratib®ioCe/(Ce + Si) x 100) is
found to be 3%, measuring distances from this tméhe outermost shell of the
second composite particle of this invention (distasmeasured on the lines that
pass through the center of the mother particled, anfinding a simple average of
the distances. Note that the center of the moplagticle is given by an
intersection point of the aforementioned long axisl the short axis.

[0108]

The cerium-containing silica layer in the secowdnposite particle of this
invention is considered to promote bonding forceaeen the child particles (ceria
particles mainly composed of crystalline ceria)ttaee distributed and grown in

the cerium-containing silica layer during the fgiprocess, and the mother particle
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(silica-based particle). The ceria-based compgsdteicle dispersion may be
obtained, for example in the step of obtaining $keond dispersion of this
invention, by subjecting the crushed fired proddispersion obtained after firing
to preliminary dry crushing as necessary, follovbgdwet crushing, and further
followed by centrifugation. Now the cerium-contang silica layer is considered
to exhibit an effect of preventing falling of thaitd particles from the mother
particle. Local falling of the child particles mow acceptable, so that there is no
need of covering the entire surface of the childipbes with a part of the cerium-
containing silica layer. The cerium-containingcaal layer will suffice if it is rigid
enough to avoid loosening of the child particlestb@ mother particle.

The cerium-containing silica layer, having thefelient element remained
therein, may have increased hardness, but may fiy@resised from causing hard-to-
crush coarse particles if the firing temperatursetected to limit the crystallite
size of ceria to 10 to 25 nm or below, while aclngva sufficient effect of
improving the hardness.

With such structure, the second dispersion of itv@ntion, when used as
an abrasive, is considered to give high polishiaig rless degradation of surface
accuracy, and less scratches.

[0109]

The second composite particle of this inventioayihg at least a part of
the surface of the child particles covered with tleeium-containing silica layer,
naturally has -OH groups of silica on its outermsstface (outermost shell).
Hence, when used as an abrasive, the second corampasticle of this invention is
repelled by electric charge of -OH group on thefgce of the substrate to be
polished, and is thus considered to become legs$ylito adhere to the surface of
the substrate to be polished.

[0110]

Ceria usually has potential different from thodesitica, substrate to be

50



polished or polishing pad, and reduces its negateta potential when the pH
changes from alkali towards neutral or around, aurds to have positive potential
in a weak acidic region. Hence, at acidic pH dgrpolishing, ceria tends to
adhere onto the base to be polished or the polgspad, due to difference of
potential level or difference of polarity, and thiesnds to remain on the base to be
polished or polishing pad. In contrast, the secoochposite particle of this
invention has silica on its outermost shell, and hagative charge attributable to
such silica, so that the second composite partialekeep the negative potential
over a pH range from alkaline to acidic, and thgrdte abrasive particle becomes
less likely to remain on the base to be polishetherpolishing pad. When the
fired product is crushed in Step 5 of the seconduni@acturing method of this
invention while keeping the pH above 9, a partitita (silica in the cerium-
containing silica layer) on the surface of the cosipe particle can dissolve.
When the second dispersion of this invention, mantufred under such conditions,
is applied to polishing while adjusting the pH b&l@, the thus dissolved silica can
deposit on the second composite particle of thiimion (abrasive particle),
thereby the surface of the second composite parti€ihis invention will have
negative potential. If the potential is low, siicacid for example may be added
so as to moderately reinforce the cerium-contairsgiiga layer.

An organic polymer such as polyacrylic acid migetapplicable to control
the potential of the child particles, whereas thigention employs silica that softly
adhered on the surface to control the potentiataatageously reducing the
amount of consumption of organic substances, ankimgat less likely to cause
defects derived from the organic substances (resiel®f organic substances, etc.)
on the base.

[0111]
Modes of existence of silica in the second disjper®f this invention have

a wide variety. In some cases, the silica may éiglly dispersed or dissolved
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into solvent rather than composing the second camegarticle of this invention,

or may adhere of the surface of the second comggsitticle of this invention.
[0112]

<First Composite Particle of This Invention>

The first composite particle of this invention e explained below.

In the first composite particle of this inventiahge ceria-based composite
particle has, as described above, the mother partilce cerium-containing silica
layer on the mother particle, the child particlsgBrsed inside the cerium-
containing silica layer, and the easily solublecsiticontaining layer as the
outermost layer. The mother particle contains grhous silica as a major
ingredient, and the child particle contains cryist& ceria as a major ingredient,
and the ratio D of mass;»f the easily soluble silica-containing layer tass D
of the ceria-based composite particle (D #@ x 100) is 0.08 to 30%. The
ceria-based composite particle, when analyzed baydiffractometry, shows only
a crystal phase of ceria, and has an average tlitstsize of the crystalline ceria,
when analyzed by X-ray diffractometry, of 10 to 2%

The first composite particle of this inventiontie ceria-based composite
particle that has an average particle size of 585@ nm, and is further unique in
that the ceria-based composite particle has a massof silica and ceria of
100:11 to 316.

[0113]

In the first composite particle of this inventiahge mass ratio of silica
(Si0y) and ceria (Ceg) is 100:11 to 316, preferably 100:30 to 230, more
preferably 100:30 to 150, and even more preferdfl§:60 to 120. The mass
ratio of silica and ceria is considered to be altrexpuivalent to the mass ratio of
mother particle and child particle. Too small ambaf the child particle relative
to the mother particle may result in bonding amomg mother particles to produce

coarse particles. In such case, the abrasiveqlpiolg slurry) containing the first
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dispersion of this invention may cause defectsr@ased scratches and degraded
surface accuracy) on the surface of the base foolished. On the contrary, too
excessive amount of ceria over silica not only @ages the cost but also increases
resource risk. In addition, the particles beconwerlikely to fuse with each
other. This consequently increases surface rougghnéthe substrate (worsening
of surface roughness Ra), increases scratcheshakds the freed ceria more
likely to reside on the substrate, or to adhereeboample onto a drain pipe of a
polishing apparatus.

Note that silica, for which the mass ratio of &#li(SiQ) and ceria (Ce®)
is calculated, means the whole silica (8i©ontained in the first composite
particle of this invention. Hence, silica means thtal of silica component
composing the mother particle, silica componenttaored in the cerium-
containing silica layer disposed on the motheripbat and silica component
possibly contained in the child particle.

[0114]

Content rations (mass%) of silica (S)@nd ceria (Ceg) in the first
composite particle of this invention are determiriiesit by precisely weighing the
solid matter concentration of the first dispersafrthis invention by the ignition
loss test at 1000°C.

Then the content ratio (mass%) of cerium (Ce) abred in a
predetermined amount of the first composite pagtimi this invention is
determined by ICP atomic emission spectrometry, @mverted to the mass
percentage of oxide (mass% of Gg®tc.). For the first composite particle of this
invention having a primer layer, also the contatta (mass%) of an ingredient
that composes the primer layer is determined insdrae way by ICP atomic
emission spectrometry, and is then converted tariass percentage of oxide
(mass% of Ce@Q etc.). The mass percentage of $@n be calculated while

assuming the ingredient, other than Ge®@mposing the first composite particle of
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this invention and the ingredient of the primerdayto be SiQ.

Note that, in the first manufacturing method oktmvention, the mass
ratios of silica and ceria may alternatively beccdhted from the amounts of
consumption of a silica source material and a csoiarce material that were input
when preparing the first dispersion of this inventi This is applicable to a
process by which none of ceria and silica are resddyy dissolution. Such case
will give good coincidence between the amountsarfsumption and analytical
values of ceria and silica.

[0115]

The first composite particle of this invention ithg cerium-containing
silica layer formed on, and tightly bound to, thaface of the silica-based particle
(mother particle), and has granular crystallineaéchild particles) dispersed in
such cerium-containing silica layer, thus havingimagular surface profile.

[0116]

The particles composing the first composite p&etaf this invention may
be of “particle-linked type” or “monodisperse type”

The particle-linked type is preferred for the cas@eed of high polishing
rate, since this type can keep large contact alidative substrate and can rapidly
polish it. The particle-linked type means two oo mother particles mutually
linked at local points thereof, and the numberiokéd particles is preferably three
or less. The mother particles are considered tmfihe tight bonding in which at
least one (preferably both) of mother particleseikiat the contact point, or has a
historical solidification mediated by ceria. Tharpcle-linked type is now
understood to include not only the case where tbéher particles are mutually
bound, and the cerium-containing silica layer isrttiormed thereon, but also the
case where the cerium-containing silica layer 1srfed on the mother particle, and
the resultant particle is bound to such other p&ati

The particle-linked type can keep large contaebnawith the substrate, and
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can efficiently transfer polishing energy to théstrate. Thus the polishing rate
becomes high.

[0117]
<Second Composite Particle of This Invention>

The second composite particle of this inventiofl & explained below.

The second composite particle of this inventios tlee mother particle, the
child particle, and the ceria-containing silicaday

[0118]

In the second composite particle of this inventitre individual
ingredients satisfy a relation given by (Ce + M)£80.038 to 1.11, where M means
a total mole number of one or more different atoarsd Ce and Si mean mole
numbers of cerium atom and silicon atom, respebtfive

(Ce + M)/Si has a value of 0.038 to 1.11, whiclpisferably 0.0388 to
1.0475, more preferably 0.0873 to 0.8147, and evwene preferably 0.2328 to
0.6484.

The value of (Ce + M)/Si is considered to be altexguivalent to the
molar ratio of atoms composing the mother partemel the child particle (ratio
represented by mole number of child particle/malenber of mother particle).

Too small amount of the child particle relativetb@ mother particle may
result in bonding among the mother particles todpice coarse particles. In such
case, the abrasive (polishing slurry) containing slecond dispersion of this
invention may cause defects (degraded surface acgwsuch as increased
scratches) on the surface of the base to be palish®n the contrary, too
excessive amount of ceria and the different atovwer silica, not only increases the
cost but also increases resource risk. In additilba particles become more
likely to fuse with each other. This consequentigreases surface roughness of
the substrate (worsening of surface roughnessiRajgases scratches, and makes

the freed ceria more likely to reside on the sudistror to adhere for example onto
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a drain pipe of a polishing apparatus.

Now the silicon, for which the individual conter(tmole quantities) of
silica in the second composite particle of thisantion are calculated, is
applicable to at least one of (1), (Il), and (lIBelow:

(I) silicon component composing the mother particle
(I silicon component contained in the cerium-caining silica layer that covers
the composite particle having the mother particid ghe child particle (ceria
component) bound thereon; and
(111) silicon component solid-solubilized in cercaystal.

[0119]

The second composite particle of this inventioafprably has the content
of different atom, in terms of oxide, within thenige from 0.01 ppm to 20 mass%.
This is because the different atom will no longerdwmlid-solubilized in the ceria
crystal if the content thereof, in terms of oxiseere larger than 20 mass%, and
will be more likely to form oxide of the differemtom. On the contrary, with the
content of different atom below 0.01 ppm, the antoafnsolid-solubilization is too
small to create the oxygen defect, making it difftdo improve the polishing rate.
The content of different atom, in terms of oxide,the second composite particle
of this invention is preferably 0.01 ppm to 20 nfassnore preferably 0.01 ppm to
15 mass%, and even more preferably 0.01 ppm to 4€shb.

[0120]

Paragraphs below will describe methods for meagumole numbers of
silicon (Si), cerium (Ce) and the different atom)(M the second composite
particle of this invention, and content ratiosttiere are two or more different
atoms, M represents a total mole number and a tmtaient ratio of such two or
more different atoms).

First, the solid matter concentration of the setdrspersion of this

invention is determined by the ignition loss te80Q°C and precise weighing.
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Next, the content ratios (mass%) of cerium (Ce) ane or more different
atoms contained in a predetermined amount of tisersse composite particle of this
invention are determined typically by ICP atomicissnon spectrometry, and
converted to the mass percentage of €afd mass percentage of MO The
mass percentage of Si@an be calculated while assuming the ingredietiteo
than Ce@ and MG composing the second composite particle of thi®imion, to
be SiQ. The content ratios may be calculated using tivadees in mass% after
converted into mole ratios.

Note that, in the second manufacturing methochaf invention, (Ce +
M)/Si may alternatively be calculated from the amtsuof consumption of a silica
source material, a ceria source material and tfferéint atoms that were input
when preparing the second dispersion of this inent This is applicable to a
process by which none of ceria, silica and différ@om are removed after
dissolution. Such case will give good coincidebe¢ween the amounts of
consumption and analytical values of ceria, sili@ad different atom.

[0121]

The second composite particle of this inventioryrhave an irregular
surface profile. The child particles are dispersethe cerium-containing silica
layer, in which a part of the child particles mag/ lbonded by sintering with at least
either one (preferably both) of the mother partictehe child particle, so as to
form tight bonding at the contact point.

[0122]

The ceria particle, when employed as an abrasarégie for polishing a
substrate with silica film or a glass substrates haen known to demonstrate
specifically high polishing rate, as compared witle cases where other inorganic
oxide particles are employed. One of the reasonstdch especially high
polishing rate of the ceria particle on the suligtnaith silica film has been

ascribed to high chemical reactivity of the ceratpcle against the silica film on
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the substrate to be polished.

In the child particles (ceria particles) whichideson the outer surface of
the second composite particle of this inventiona®m is considered to be
interstitially solid-solubilized in Ce©crystal. Meanwhile, the different atom is
considered to be solid solubilized in an interatior substitutional manner. Solid
solubilization of Si atom causes crystal strairtled CeQ crystal, and this
promotes chemical reactivity of Ceseemingly demonstrating such high
polishing rate. The present inventors found thghhar polishing rate can be
demonstrated when the crystalline ceria has Si atdarstitially solid-solubilized
therein, and additionally has the different atorticsgolubilized therein. The
present inventors further found that very high pbing rate can be obtained when
the different atom is Al, Fe, Co, Ni, Mn, Zr or @anide, and such atom is solid-
solubilized into the crystalline ceria in a substidbnal manner.

Note that the aforementioned interatomic distanegsrding cerium atom
and silicon atom, represented by, R, and so forth, are defined to be average
interatomic distances measured by the methods ibesttater in Examples.

[0123]

Although the second composite particle of thiseintton may have any
shape without special limitation, particle-linkegbe is preferred from a practical
viewpoint. The particle-linked type means two ocom@ mother particles mutually
linked at local points thereof. The mother padgghre considered to be tightly
bound with each other, as a result of fusion dieast one (preferably both) of
them at the contact point, and preferably as altedicohesion of both of them.
The particle-linked type is now understood to itdunot only the case where the
mother particles are mutually bound, and the cpadticles are bound on the
surface thereof, but also the case where the galticles are bound on the surface
of the mother particle, and the resultant partisleound to such other particle.

The particle-linked type can keep large contaenawith the substrate, and
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can efficiently transfer polishing energy to théstrate. Thus the polishing rate
becomes high. Since polishing pressure per parbelcomes smaller than that of
an independent particle, so that the scratcheshbeayduced.

[0124]
<Composite Particle of This Invention>

The composite particle of this invention is prefielly of the particle-linked
type, in which the number ratio of particle, foumdimage analysis to have a value
of short diameter/long diameter of smaller than @i&ferably 0.67 or smaller), is
preferably 45% or larger.

Now the particle, found in image analysis to havealue of short
diameter/long diameter of smaller than 0.7, is ¢deed to be of particle-linked
type.

The composite particle of this invention may hawy shape without
special limitation and may be of particle-linkeg&yor of independent particle
type (non-linking particle), which is usually a nixe of both types.

Now for an exemplary case where the compositeigartlispersion
containing the composite particle of this inventigne dispersion of this
invention) is intended for polishing in which impr@ment of the polishing rate is
given a high priority, the number ratio of particfeund in image analysis to have
a value of short diameter/long diameter of smatlhem 0.7 (preferably 0.67 or
smaller), is preferably 45% or larger (more prebdyeb1% or larger).

Meanwhile, in the same case and in which smalloédke surface
roughness on the target substrate to be polisheidglkept at a low level, is given
a high priority, the number ratio of particle, faum image analysis to have a
value of short diameter/long diameter of 0.7 ogéar(preferably 0.9 or larger), is
preferably 40% or larger, which is more preferablys or larger.

Note that the particle-linked type particles mélaose (particle aggregate)

linked by a chemical bond which is strong enougliotdid the particles to re-
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disperse. Meanwhile, independent particle typdipl@&s mean those remain non-
aggregated irrespective of their morphology, unlkkplurality of particles linked to
each other.

For the case where improvement of the polishirtg om the target
substrate to be polished is given a high priofitypde 1 below is exemplified as a
preferred composite particle dispersion of thisenton.

[Mode 1] the dispersion of this invention in whitihe composite particle
of this invention is further featured by the numbatio of particles, found in image
analysis to have a value of short diameter/longneiger of smaller than 0.7, is 45%
or larger.

Meanwhile, for the case where smallness of théaserroughness on the
target substrate to be polished, being kept ataléwel, is given a high priority,
Mode 2 below is exemplified as a preferred compopdrticle dispersion of this
invention.

[Mode 2] the dispersion of this invention in whitihe composite particle
of this invention is further featured by the numipatio of particles, found in image
analysis to have a value of short diameter/longnaiter of 0.7 or larger, is 40% or
larger.

[0125]

Method for measuring a ratio represented by st@eter/long diameter,
based on image analysis, will be explained. Thepasite particle of this
invention is photographed under a transmissionted@acmicroscope at 300,000x
magnification (or 500,000x magnification) to obtarmphotoprojection, on which
the maximum diameter of the particle is assumethadong axis, and the length
thereof is determined to be long diameter (DL). tDa other hand, a bisection
point is found on the long axis, then two pointsem a line orthogonal to the long
axis at the bisection point crosses the outer exdgbe particle are found, and the

distance between such two points is determinecetshort diameter (DS). Using
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these values, the ratio (DS/DL) is determined. Ppkecentages of abundance (%)
of particles with a short diameter/long diametelueaof smaller than 0.70, and
those with a value of 0.70 or larger, are determiifog each of freely selected 50
particles observed in the photoprojection.

[0126]

In the first composite particle of this inventiahge percentage of
abundance of particles with a short diameter/loregnetter value of smaller than
0.70 (preferably 0.67 or smaller) is preferably 46%darger, and more preferably
51% or larger. The first composite particle ofstimvention controlled within
these ranges advantageously shows high polishiteg wehen used as an abrasive.

[0127]

The composite particle of this invention, althoygieferably being of the
particle-linked type, may alternatively contain arficle with other morphology,
such as spherical particle.

[0128]

Number of coarse particles of 0.hfin or larger, possibly contained in the
first dispersion of this invention, is preferabl@@million particles/cc or less in
terms of dry particle. The number of coarse pstidgs preferably 100 million
particles/cc or less, and more preferably 80 millparticles/cc or less. Particles
of 0.51um or larger cause polishing scratches, and furthay worsen the surface
roughness of the target substrate to be polishéa.most cases with high
polishing rate, the polishing might proceed at higte, but tends to frequently
produce polishing scratches and to worsen the sanfaughness of the substrate.
In contrast, the first composite particle of thiwéntion, if being of the particle-
linked type, can achieve high polishing rate, melaihevcan suppress the polishing
scratches and can reduce the surface roughness ifumber of coarse particles of
0.51pum or larger is 100 million particles/cc or less.

[0129]

61



The number of coarse particles possibly containetthe first dispersion of
this invention is measured as described below.

A sample is diluted with pure water down to 0.1ss%, from which a 5 ml
portion of the solution is drawn out, and injeciatb a known coarse particle
counter, to find the number of coarse particle® &1 um or larger. The
measurement is repeated three times, a simple geerameasurement values is
found, and then multiplied by 1000, to determine ttumber of coarse particles of
0.51um or larger.

[0130]

The composite particle of this invention prefesabhs a specific surface

area of 4 to 100 Ag, which is more preferably 10 to 7C*y.
[0131]

Now, method for measuring the specific surfacesaaiBET specific surface
area) will be explained.

First, a dried sample (0.2 g) is placed in a measent cell, and degassed
under a nitrogen gas flow at 250°C for 40 minutbégn kept under a flow of mixed
gas composed of 30 vol% of nitrogen and 70 vol%e@ium at the liquid nitrogen
temperature, so as to allow the sample to adsdrbgen under equilibrium.

Next, the sample, kept under a flow of the aforetitared mixed gas, is gradually
heated to room temperature, during which the amotfim¢éleased nitrogen is
detected, and the specific surface area of the bampgletermined using a
preliminarily prepared analytical curve.

Such method for measuring BET specific surfacadmgtrogen adsorption
method) may be conducted using a known surface messuring instrument.

The specific surface area in the context of thigention is defined to mean
values obtained by such method, unless otherwiseiipally noted.

[0132]

The composite particle of this invention prefesabhs an average particle
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size of 50 to 350 nm, which is more preferably 1000 nm. With the average
particle size fallen within the range from 50 to03%m, the composite particle of
this invention when applied as an abrasive can athgeously increase the
polishing rate.

The average particle size of the composite partodlthis invention means
number average value of average particle size oeted by the image analysis.

[0133]

Method for measuring an average particle sizehefdomposite particle of
this invention, based on the image analysis, wallexplained. The composite
particle of this invention is photographed unddramsmission electron microscope
at 300,000x magnification (or 500,000x magnificajido obtain a photoprojection,
on which the maximum diameter of the particle istased as the long axis, and the
length thereof is determined to be long diameter)(D On the other hand, a
bisection point is found on the long axis, then tmants where a line orthogonal
to the long axis at the bisection point crossesahier edge of the particle are
found, and the distance between such two pointieiermined to be short diameter
(DS). Geometric mean of the long diameter (DL) &mel short diameter (DS) is
determined to be a particle size of the particle.

Such particle size is measured for each of 50iglagt, and a number
average of the obtained particle sizes is defirede the average particle size of
the composite particle of this invention.

[0134]

In the composite particle of this invention, camteatio of each element in
the specific impurity group 1 is preferably 100 ppmbelow, more preferably 50
ppm or below, even more preferably 25 ppm or belpat,more preferably 5 ppm
or below, and furthermore preferably 1 ppm or below

Meanwhile in the composite particle of this inviemt content ratio of each

element in the specific impurity group 2 is prefasa5 ppm or below. Methods
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for reducing, in the composite particle of this emtion, the content ratios of each
element in the specific impurity group 1 and thedfic impurity group 2 are same
as those described previously.

Note that content ratios, in the composite pagtial this invention, of each
element in the specific impurity group 1 and in #pecific impurity group 2 may
be measured using methods same as those by whacép#cific impurity group 1
and the specific impurity group 2 contained in thether particle are measured.

[0135]
<Dispersion of This Invention>

The dispersion of this invention will be explainedlow.

The dispersion of this invention has the aforenterad composite particle
of this invention dispersed in a dispersion solvent

[0136]

The dispersion of this invention contains wated/an organic solvent as
the dispersion solvent. The dispersion solventgrebly employable are, for
example, water such as pure water, ultrapure waatdrdeionized water. The
abrasive particle dispersion of this invention tenmade more suitable as a
polishing slurry, by adding thereto at least onditide for controlling the
polishing performances, selected from the groupssimg of polishing
accelerator, surfactant, pH adjuster and pH buffer.

[0137]

The dispersion solvent employable in the dispersibthis invention is
exemplified by organic solvents including alcohslsch as methanol, ethanol,
isopropanol, n-butanol and methylisocarbinol; ketesuch as acetone, 2-
butanone, ethyl amyl ketone, diacetone alcoholph®wone and cyclohexanone;
amides such as N,N-dimethylformamide and N,N-dimktbetamide; ethers such
as diethyl ether, isopropyl ether, tetrahydrofurap-dioxane and 3,4-dihydro-2H-

pyran; glycol ethers such as 2-methoxyethanol,i»eyethanol, 2-butoxyethanol
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and ethylene glycol dimethyl ether; glycol etheetates such as 2-methoxyethyl
acetate, 2-ethoxyethyl acetate and 2-butoxyethgtate; esters such as methyl
acetate, ethyl acetate, isobutyl acetate, amylaaegethyl lactate and ethylene
carbonate; aromatic hydrocarbons such as benzehene and xylene; aliphatic
hydrocarbons such as hexane, heptane, isooctaneyaf@hexane; halogenated
hydrocarbons such as methylene chloride, 1,2-drd@thane, dichloropropane and
chlorobenzene; sulfoxides such as dimethyl sulfexi@hd pyrrolidones such as N-
methyl-2-pyrrolidone and N-octyl-2-pyrrolidone. @$e organic solvents may be
used after mixing with water.

[0138]

Solid content concentration of the dispersionho$ invention preferably
falls within the range from 0.3 to 50 mass%.

[0139]

The dispersion of this invention preferably demoate, when subjected to
the cation colloidal titration, a streaming potahtturve indicating a ratio
(APCD/V) given by formula (1) below of -110.0 to -05whereAPCD denotes
amount of change of streaming potential, and V des@amount of addition of a
cation colloidal titrant (V) at a knick:

APCD/V =(I-C)/V --- Formula (1)

C: streaming potential (mV) at the knick;

I: streaming potential (mV) at the start pointtbé streaming potential

curve; and

V: amount of addition of the cation colloidalrant (ml) at the knick.

[0140]

Now the cation colloidal titration is conducted #sopping a cation
colloidal titrant, to 80 g of the dispersion of ghinvention with the solid matter
concentration adjusted to 1 mass%. The catioroatdl titrant used here is a

0.001 N poly(diallydimethylammonium chloride) salu.
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[0141]

The streaming potential curve obtainable by tagon colloidal titration is
a graph plotting the amount of addition (ml) of thegtion titrant on the X-axis, and
plotting the streaming potential (mV) of the dispien of this invention on the Y-
axis.

The knick is a point (inflection point) on the saming potential curve
obtained by the cation colloidal titration, at whithe streaming potential abruptly
changes. The streaming potential at the inflecpbomt is denoted as C (mV),
and the amount of addition of the cation colloitd#&dant at the inflection point is
denoted as V (ml).

The start point of the streaming potential cureeresponds to the
streaming potential of the dispersion of this intren before being titrated, and is
more specifically a point at which the amount ofldebn of the cation colloidal
titrant is zero. The streaming potential at thertspoint is denoted as | (mV).

[0142]

With a value oAPCD/V within the range from -110.0 to -5.0, the
dispersion of this invention when used as an abkeawiill further improve the
polishing rate of the abrasive. APCD/V is considered to be correlated to the
degree of coverage of the composite particle byethsly soluble silica-containing
layer on the surface of the first composite paetiof this invention, and/or, the
degree of exposure of the child particle on thdae of the second composite
particle of this invention. The present inventpresume that, with a value of
APCD/V controlled within the aforementioned randge thild particle is less
likely to fall, and the polishing rate is kept highConversely, with an absolute
value ofAPCD/V larger than -110.0, the child particle woublel less likely to fall,
since the first composite particle of this invemtim the first composite particle of
this invention is entirely covered on its surfacehathe easily soluble silica-

containing layer, or since the second compositéigarof this invention of the
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second composite particle of this invention expasesso much to the surface, but
this would make the easily soluble silica-contamiayer less likely to exfoliate
during polishing, and thereby the polishing ratewdodecrease. Conversely with
an absolute value smaller than -5.0, the childipkris considered to be less likely
to fall. The present inventors presume that, witthie aforementioned range, the
child particle would moderately expose to the socefand would be less likely to
fall, and thereby the polishing rate would improveAPCD/V is preferably -100.0
to -5.0, and more preferably -100.0 to -10.0.

[0143]

The dispersion of this invention, with the pH valadjusted to 3 to 8,
preferably has a negative streaming potential, teeb®ing subjected to the cation
colloidal titration, that is, when the amount dfation is zero. This is because,
with the streaming potential kept at a negativeeptital, the abrasive particle
(ceria-based composite particle) is less likelydside on the target base to be
polished having a negative surface potential liksawi

[0144]
<First Manufacturing Method of This Invention>

The first manufacturing method of this inventiorlvwe explained.

The first manufacturing method of this inventioashSteps 1 to 3,
described below.

[0145]
<Step 1>

In Step 1, a silica particle dispersion havingleea-based particle
dispersed in the solvent is prepared.

Note that, in the first manufacturing method ostmvention, “Step 1”
may occasionally be referred to as “mixing step”.

[0146]

The silica-based particle, although the mode tbiere not specifically
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limited, preferably has average particle size amdphology similar to those of the
mother particle. The silica-based particle cordaamorphous silica as a major
ingredient, like the aforementioned mother particl&ow the definition of major
ingredient is same as that of the mother particle.

[0147]

The average particle size of the silica-basediglarts to be measured by
image analysis described next.

The silica-based particle is photographed undgamasmission electron
microscope at 300,000x magnification (or 500,000agmification) to obtain a
photoprojection, on which the maximum diametertad particle is assumed as the
long axis, and the length thereof is determinetédong diameter (DL). On the
other hand, a bisection point is found on the largs, then two points where a line
orthogonal to the long axis at the bisection pairdsses the outer edge of the
particle are found, and the distance between swohpbints is determined to be
short diameter (DS). Geometric mean of the lorggrtter (DL) and the short
diameter (DS) is determined to be a particle siizeéhe particle.

Such particle size is measured for each of 50igdasg, and a number
average of the obtained particle sizes is deterthinebe the average particle size
of the silica-based patrticle.

[0148]

In a case where the first manufacturing methothdaf invention is aimed
to prepare the first dispersion of this inventionbie applied to polishing of
semiconductor devices, the silica-based partictépelision employable here
preferably contains the silica-based particle, nMiaowred by hydrolyzing
alkoxysilane, dispersed in a solvent. Meanwhiteaicase where any of known
silica-based particle dispersions other than tloeeahentioned one (silica-based
particle dispersion prepared from water glass,efoample) is used as a starting

material, such silica-based particle dispersioprisferably treated with acid, and
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then deionized. This is because, in this casectment ratios of Na, Ag, Al, Ca,
Cr, Cu, Fe, K, Mg, Ni, Ti, Zn, U, Th, CI, N SQ, and F contained in the silica-
based particle may be reduced, and more specijicalhy be reduced down to 100
ppm or below.

More specifically, the silica-based particle, astarting material of the
silica-based particle dispersion, preferably s&stonditions (a) and (b) below:

(a) content ratio of each of Na, Ag, Al, Ca, Cy,&e, K, Mg, Ni, Ti and
Zn is 100 ppm or below; and

(b) content ratio of each of U, Th, ClI, NGO, and F is 5 ppm or below.

[0149]

In Step 1, the silica-based particle dispersiaihg the silica-based
particle dispersed in the solvent, is kept stira¢ temperature of 0 to 20°C, at a
pH of 7.0 to 9.0, and at a redox potential of 5G0® mV, to which a metal salt of
cerium is added continuously or intermittently sota neutralize the metal salt of
cerium, to thereby obtain a precursor particle dispn that contains a precursor
particle.

[0150]

The dispersion medium of the silica-based partiibpersion preferably
contains water, and therefore a water-based, sdased particle dispersion
(hydrosol) is preferably used.

[0151]

The solid matter concentration of the silica-bapadicle dispersion is
preferably 1 to 40 mass% in terms of %iO If the solid matter concentration is
too low, the silica concentration in the manufagtgrprocess becomes low,
possibly degrading the productivity.

[0152]
When, in Step 1 of the first manufacturing metloddhis invention, the

temperature of reaction between the silica-basetighea and the salt of cerium is
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set to 50°C, the crystalline ceria particle (chplarticle) in the precursor particle,
obtainable after drying in the middle stage of S2emps found to have a particle
size of smaller than 2.5 nm. This indicates tlgating the reaction between
silica and ceria in a liquid phase at such highgenatures, silica inhibits crystal
growth of ceria, so as to give ceria, after drieth a small average crystallite size
smaller than 2.5 nm.

Although such precursor particle might have theacehild particle with
an average crystallite size of 10 nm or largeradjyusting the firing temperature at
1200°C or above, this strengthens bonding amongdmeposite particles,
unfortunately making the crushing difficult. Hendke reaction temperature is
kept at 0 to 20°C to moderately suppress the readietween silica and ceria in
liquid phase, so that ceria in the precursor pbatiafter dried, will have a large
average crystallite size of 2.5 nm or larger. Té¢as lower the firing temperature
which is necessary to increase the average critgtaize of the ceria child particle
to 10 nm or larger, can prevent the cerium-contagrsilica layer, obtainable after
firing, from becoming excessively thick, and cankadhe crushing easier.

[0153]

The silica-based particle dispersion may be subpeto extraction of
impurities, and optionally to deionization, usingtion exchange resin, anion
exchange resin, mineral acid, organic acid, andafiltration membrane. The
silica-based particle dispersion freed from impyrdns by deionization is
preferred since the surface will have silicon-camitag hydroxide easily formed
thereon. Methods of deionization are not limitedreto.

[0154]

In Step 1, such silica-based particle dispersskept stirred at a
temperature of 0 to 20°C, at a pH of 7.0 to 9.0 aha redox potential of 50 to
500 mV, to which a metal salt of cerium is addedtamuously or intermittently.

Low redox potential may make the crystal rod-likdnich is less likely to deposit
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on the mother particle.
[0155]

Types of metal salt of cerium are exemplified byt not limited to,
chloride, nitrate, sulfate, acetate, carbonate, methal alkoxide of cerium, and are
more specifically exemplified by cerium(lll) nitmatcerium carbonate, cerium (1)
sulfate, and cerium(lll) chloride. Among them, icen(l1l) nitrate and cerium(lll)
chloride are preferred, since they can be producdbe form of crystalline cerium
oxide from a solution having been supersaturatezhupeing neutralized, which
can then rapidly coagulate and deposit on theasibased particle (mother
particle), to finally form monodisperse ceria is@accessful manner. However,
sulfate ion, chloride ion and nitrate ion containedhese metal salts are corrosive.
Hence, after the mixing step, the mixture is prabdy washed in a post process as
needed, to thereby reduce contents of the ions dovnppm or below.

Meanwhile, carbonate salt and alkoxide are prefigrabed, since the former is
released in the form of carbon dioxide gas duringimg, and the latter
decomposes to produce alcohol.

[0156]

The amount of addition of the metal salt of cerjuslative to the silica-
based particle dispersion is preferably determisedhat the ceria-based composite
particle, contained in the obtainable dispersioil, lave a mass ratio of silica and
ceria of 100:11 to 316, as described previously.

[0157]

The temperature at which the silica-based particépersion, after addition
of the metal salt of cerium, is kept stirred isferably 0 to 20°C, and more
preferably 3 to 18°C. If the temperature is tow,l@eria and silica will become
less reactive with each other, silica will have siderably reduced solubility, and
thereby the ceria will become uncontrolled regagdenystallization. As a

consequence, coarse crystalline oxide of ceriabelpbroduced, and the ceria child
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particle will abnormally grow on the surface of thther particle, making the
crushing after firing difficult. In addition, deease of the amount of dissolution
of silica by cerium compound consequently redutesamount of silica fed to the
cerium-containing silica layer. Silica that senassa binder between the silica
mother particle and the ceria child particle ruhers (shortage of silica stacked on
the mother particle), and this is considered to enetle ceria child particle difficult
to be immobilized on the silica mother particle. or@ersely, too high temperature
would considerably increase the solubility of sdljand would suppress production
of the crystalline cerium oxide, but on the othant would require high
temperature for firing, would promote binding amguayticles, and would make
the composite particle uncrushable. This also unfaately causes scales on the
wall of a reaction vessel. The silica mother paetiis preferably less likely to be
dissolved by the cerium compound (neutralized pobad cerium salt). If the
silica mother particle is likely to be dissolvedjca will suppress crystal growth

of ceria, and will reduce the particle size of texia child particle to smaller than
2.5 nm in the mixing step.

The child particle (ceria), with a particle sizethe mixing step of smaller
than 2.5 nm, requires higher temperature for firimgrder to grow the particle
size of ceria particle after fired up to 10 nm arder. This may, however, allow
the cerium-containing silica layer to tightly cowdie mother particle, and may
make the crushing difficult. Highly soluble silicaother particle is suitably used
as the starting material, after dried at 100°C lmw\ee to suppress the solubility.

[0158]

Time over which the silica-based particle dispemsis kept stirred is
preferably 0.5 to 24 hours, and more preferablyt0.%8 hours. Too short time
unfortunately tends to cause coagulation of thestatyine cerium oxide, making it
less reactive with silica on the surface of the meotparticle, and making the

resultant composite particle less crushable. Coselg, too long time will no
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longer allow the reaction to proceed and will beconomical. The silica-based
particle dispersion, after addition of the metdlt &4 cerium, may optionally
ripened at 0 to 80°C. This is because the ripewiang enhance the reaction of the
cerium compound, and can allow freed cerium pagtickept floated rather than
being attached to the mother particle, to deposithe mother particle.

[0159]

The pH of the silica-based particle dispersionwtach the metal salt of
cerium is added and kept stirred, is adjusted @0t@.9.0, and preferably to 7.6 to
8.6. The pH is preferably adjusted by using arakl&r the like. Such alkali is
exemplified by known alkalis, and more specificably, but not limited to, agueous
ammonia solution, and aqueous solutions of alkatirbxide, alkali earth metals
and amines.

[0160]

The redox potential of the silica-based partidlgpérsion, to which the
metal salt of cerium is added and kept stirredgdpisted to 50 to 500 mV. The
redox potential is preferably adjusted to 100 t@ 8@V. Under a negative redox
potential, plate-like or rod-like independent cenigparticles would be produced,
rather than that the cerium compound could attactné surface of the silica-based
particle. Method for keeping the redox potentiaihin the aforementioned range
iIs exemplified by addition of an oxidant such asltopgen peroxide, or aeration or
ozone blowing.

[0161]

Through such Step 1, a dispersion (precursor @artispersion) that
contains a particle (precursor particle), whickaiprecursor of the first composite
particle of this invention, is obtained. With su8tep, it now becomes possible to
obtain the crystalline ceria particle (child pakjccontained in the precursor
particle, with an average crystallite size of 2%t5 nm. Under too large

reactivity between silica and ceria, the crystaloeria particle contained in the
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precursor particle will have an average crystal$itee of smaller than 2.5 nm, and
this needs firing in Step 2 at an excessively higghperature in order to grow the
ceria particle up to 10 nm or larger. This woulceagthen cohesion among the
composite particles, and would make the crushirifycdit.

[0162]

As described above, in Step 1, such silica-basatgbe dispersion is kept
stirred at a temperature of 0 to 20°C, at a pH.0fté 9.0, and at a redox potential
of 50 to 500 mV, to which the metal salt of ceriisradded continuously or
intermittently, which is preferably followed by kei@g the dispersion at a
temperature above 20°C and not higher than 98°@,@t of 7.0 to 9.0, and at a
redox potential of 50 to 500 mV, to which the medalt of cerium is added
continuously or intermittently, to thereby obtahlretprecursor particle dispersion.

In other words, it is preferable in Step 1 to coatdthe process at a
temperature of 0 to 20°C, and then to change thmpézature above 20°C and not
higher than 98°C, to thereby obtain the precursotiple dispersion.

This is because, with such way of conducting Stepp becomes easier to
obtain the dispersion of this invention that contathe first composite particle of
this invention, in which the child particle demorades a particle size distribution
with an appropriate value of coefficient of varaati

Note that preferred values for pH and redox patgnand method of
adjustment or the like, in the process conducted @mperature above 20°C and
not higher than 98°C, are same as those in theggsoconducted at a temperature
of 0 to 20°C.

[0163]

Conversely, it is preferable to conduct the precasa temperature above
20°C and not higher than 98°C, prior to the procamsducted at a temperature of O
to 20°C, to thereby obtain the precursor partiagkpdrsion. More specifically,

the silica-based particle dispersion is preferaddpt stirred at a temperature above
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20°C and not higher than 98°C, at a pH of 7.0 ty @nd a redox potential of 50 to
500 mV, to which the metal salt of cerium is prefelly added continuously or
intermittently, and then the mixture is preferakbpt at a temperature of O to
20°C, a pH of 7.0 to 9.0, and a redox potentiab@fto 500 mV, to which the metal
salt of cerium is preferably added continuouslyraermittently, to thereby obtain
the precursor particle dispersion.

This is because, with such way of conducting Stepp becomes easier to
obtain the dispersion of this invention that congathe first composite particle of
this invention, in which the child particle, aftered, demonstrates a particle size
distribution with an appropriate value of coeffiosteof variation.

Note that preferred values for pH and redox patgnand method of
adjustment or the like, in the process conductea t@mperature above 20°C and
not higher than 98°C, are same as those in theggsoconducted at a temperature
of 0 to 20°C.

[0164]

Reaction within the range from 0 to 20°C can progllarge-sized ceria
child particles due to suppressed reactivity ofilc@ragainst silica, whereas
subsequent addition of the metal salt of ceriumilevkeeping the mixing
temperature above 20°C and not hither than 98°Geodss the reactivity of cerium
against silica and accelerates dissolution of gjlibereby silica inhibits the crystal
growth of ceria to produce small-sized ceria chpatticle. Such way of adding
the metal salt of cerium in the mixing step (St@peksentially at a reaction
temperature of 0 to 20°C, and then changed to aBOVE and not hither than
98°C, can widen the particle size distribution loé tceria child particle. Given
that the step of adding the metal salt of ceriuma atixing temperature of O to
20°C is essentially employed, the reaction at #ragerature above 20°C and not
higher than 98°C may precede or succeed the raaati® to 20°C. The

temperature may even be changed three or more times
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In a case where the reaction temperature is clthimgvo or more steps,
the amount of addition of the metal salt of ceridaring the reaction at 0 to 20°C
is preferably 10 to 90 mass% of the total amoundddition of the metal salt of
cerium. This is because, beyond this range, mati@arge-sized (or small-sized)
ceria child particle will decrease, and the padisize distribution is widened not
SO much.

[0165]

The precursor particle dispersion obtained in Stapay further be diluted
with pure water or deionized water, or may be corseel, before being subjected to
Step 2.

[0166]

The precursor particle dispersion preferably hasled matter

concentration of 1 to 27 mass%.
[0167]

The precursor particle dispersion may optionakydeionized using cation
exchange resin, anion exchange resin, ultrafilbrmtnembrane, ion exchange
membrane, centrifugation and so forth.

[0168]
<Step 2>

In Step 2, the precursor particle dispersion igdirand then fired at 800 to
1,200°C (preferably 950 to 1,200°C).

[0169]

Method for drying is not specifically limited, favhich any of known
dryers may be used. More specifically, box dryemd dryer, spray dryer and so
forth are employable.

More preferably, the precursor particle disperdi@fiore being dried is
recommended to have a pH of 6.0 to 7.0. This isabee, the precursor particle

dispersion before being dried, with the pH adjudi® .0 to 7.0, may suppress the
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surface activity.

The firing temperature after drying is 800 to 1020, preferably 950 to
1200°C, even more preferably 1000 to 1100°C, antdryere preferably 1000 to
1090°C. Firing within these temperature rangesvesl ceria to fully crystallize,
and the cerium-containing silica layer in whichiegparticles are dispersed will
have an appropriate thickness, the cerium-contgisitica layer will be bound
tightly on the mother particle, and the child pelgidispersed in the cerium-
containing silica layer will be less likely to fall If the temperature is too high,
the ceria crystal would abnormally grow, the certaontaining silica layer would
be excessively thick, amorphous silica composirgrtiother particle would
crystallize, or the particles would be brought ictwhesion in an accelerated
manner.

[0170]

Firing within such temperature ranges also cassdisl solubilization of
silicon atom into the crystalline ceria which isnajor ingredient of the child
particle. Now cerium atom and silicon atom coné&ainn the child particle can
satisfy a relation given by R R,, where R represents cerium-silicon interatomic
distance, and Rrepresents cerium-cerium interatomic distance.

[0171]

In Step 2, the obtained fired product is brougtibicontact with a solvent,
and wet crushed within the pH range from 8.6 tdb110 obtain a crushed fired
product dispersion.

Now the fired product and the solvent may be bidugto contact by
immersing the fired product in the solvent and tipem into a crusher; or by
feeding the fired product and the solvent togeih&r the crusher. Crushing is
then allowed to proceed while controlling pH of th@vent. The pH may be 8.6
to 11.5, and is preferably 10.9 to 11.5, since kigbH can help the easily-soluble

silica layer to be formed with an appropriate thieks.

7



[0172]

The wet crusher may be any of known apparatusaghnare exemplified
by wet medium agitating mill (wet crusher) includibatch-type bead mill such as
basket mill; horizontal/vertical/annular-type canibus bead mill, sand grinder
mill and ball mill; rotor-stator homogenizer; ulg@anic dispersion homogenizer,
and impact crusher based on collision of partichethe dispersion. Bead used
for the wet medium agitating mill is exemplified byose made of glass, alumina,
zirconia, steel, flint and so forth.

The solvent used for wet grinding is water and/oganic solvent. Water
is preferably pure water, ultrapure water or dezewli water. Solid content
concentration of the crushed fired product dispmrgreferably, but not
restrictively, falls in the range from 0.3 to 50 $8&6.

[0173]

Alternatively, the fired product obtained afterifig may be dry-crushed,
and then wet-crushed with a solvent added thereiitin the pH range from 8.6 to
10.8.

Dry crusher may be any of known apparatuses, whrehexemplified by
attritor, ball mill, vibrating mill, vibration balmill and so forth.

[0174]

The wet crushing is conducted while keeping pHh& solvent at 8.6 to
11.5. This is because, with the pH kept withirstrange, silica can dissolve from
a part of the hard cerium-containing silica layeoguced in the firing step, and is
equilibrated between dissolution and depositionmyrcrushing, and can form the
easily soluble silica-containing layer with softseend low density. In addition, it
now becomes possible to finally, and more easibgam the ceria-based composite
particle dispersion which demonstrates, when subpeto the cation colloidal
titration, a streaming potential curve indicatingaéio APCD/V), given by formula

(1) above, of -110.0 to -15.0, whes®CD denotes amount of change of streaming
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potential, and V denotes amount of addition of accacolloidal titrant (V) at a
knick.

That is, the crushing is preferably conducted doly degree where the
first dispersion of this invention according to ieferred mode is obtainable.

This is because the polishing rate may be imprdwedsing the first dispersion of
this invention, according to a preferred mode, mslrasive as described above.
The present inventors presume that the polishitg maay further be improved and
the child particle may be prevented from falling,aresult of appropriate thinning
of the cerium-containing silica layer and the easibluble silica-containing layer
on the surface of the first composite particlemgtinvention, and/or, appropriate
exposure of the child particle to a part of thefaae of the composite particle.
The present inventors also presume that the ceganmtaining silica layer and the
easily soluble silica-containing layer are thinpartially lost, so that the child
particle is releasable to a certain degree duriblgsping. APCD/V is preferably -
100.0 to -5.0, and more preferably -100.0 to -20.0.

[0175]

In such Step 2 as described above, it is preferabdry the precursor
particle dispersion, then to fire the precursortigée at 800 to 1,200°C (preferably
950 to 1,200°C), to bring the obtained fired prodinto contact with a solvent, to
wet crush the fired product within the pH rangenir8.6 to 11.5 (preferably 10.9 to
11.5), to which a silica-containing additive is &dd and to heat the mixture at 10
to 98°C for ripening, to thereby obtain the crusliieed product dispersion.

Now, the amount of addition of the silica-contaigiadditive, in terms of
ratio relative to the mass (on dry basis) of thesbed particle, is preferably 50
ppm to 30 mass%, more preferably 100 ppm to 20 #assid even more
preferably 300 ppm to 10 mass%. With the amourdddition below these
ranges, the easily soluble silica-containing layeuld not fully be formed.

Meanwhile, the amount of addition above these rangee silica-containing layer
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would excessively be thickened, or components epioditable on the composite
particle would occur.
[0176]

The silica content in the silica-containing adgétimay be 10 mass% or
more on the dry basis. Other substances such a&rCka, Al or the like may
additionally be contained.

[0177]

The heating for ripening, after adding the silm@ataining additive as
described above, can promote deposition onto th&ase of the composite particle.
The temperature of heating for ripening is preféyd® to 98°C, and more
preferably 20 to 80°C. W.ith the temperature betbese ranges, the deposition
would not occur on the surface of the particle. adehile, the temperature above
the ranges, the composite particles would coagulaBy going through such step,
easily soluble silica-containing layer with a r&laly large thickness may be
formed on the surface of the composite particle.

[0178]

Note that the thus processed silica-containingtaddmay entirely be
deposited on the surface of the composite partmianay partially be freed in the
solvent, because the freed portion may deposiherstirface of the particles when
pH is adjusted to 3 to 8 during polishing, and dlecause, even if the freed
portion should remain in the solvent, the silicaxtaning additive can cover
polishing debris that occurs during polishing, lbe tthild particle fallen from the
composite particle, to thereby prevent scratches.

[0179]
<Step 3>

In Step 3, the crushed fired product dispersiotamied in Step 2 is
centrifuged at a relative centrifugal acceleratadr800 G or larger, and then a

sediment fraction is removed, to thereby obtaindbea-based composite particle
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dispersion.

More specifically, the crushed fired product dispen is classified by
centrifugation. The relative centrifugal accelesatin the centrifugation is set to
300 G or larger. After the centrifugation, the iseent fraction is removed, and
thereby the ceria-based composite particle disparsiay be obtained. The upper
limit of the relative centrifugal acceleration isagtically, but not specifically
limited to, 10,000 G or below.

Step 3 necessarily employs the centrifugation gadisfies the
aforementioned conditions. With the centrifugat@eration failed to satisfy the
conditions, coarse particle will remain in the @ebased composite particle
dispersion, possibly causing scratching when swiaebased composite particle
dispersion is used as an abrasive and is appligalishing.

According to the first manufacturing method ofglnvention, the ceria-
based composite particle dispersion manufacturethbynethod described above
may further be dried, to obtain the ceria-based posite particle. Method of
drying is not specifically limited, and allows uséany of known dryers.

[0180]

In such Step 3 as described above, it is preferadbkonduct centrifugation
at a relative centrifugal acceleration of 300 Garger, then to remove the
sediment fraction, to which a silica-containing @oe is added, and to heat the
mixture to 10 to 98°C for ripening, to thereby dbtéhe ceria-based composite
particle dispersion.

Now, the amount of addition of the silica-contaigiadditive, in terms of
ratio relative to the mass (on dry basis) of thesbed particle, is preferably 50
ppm to 30 mass%, more preferably 100 ppm to 20 #assid even more
preferably 300 ppm to 10 mass%. With the amourdddition below these
ranges, the easily soluble silica-containing layeuld not fully be formed.

Meanwhile, the amount of addition above these rangee silica-containing layer
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would excessively be thickened, or components epioditable on the composite
particle would occur.
[0181]

The silica content in the silica-containing adgétimay be 10 mass% or
more on the dry basis. Other substances such a&rCka, Al or the like may
additionally be contained.

[0182]

The heating for ripening, after adding the silm@ataining additive as
described above, can promote deposition onto thk&ase of the composite particle.
The temperature of heating for ripening is preféyd® to 98°C, and more
preferably 20 to 80°C. W.ith the temperature betbese ranges, the deposition
would not occur on the surface of the particle. adehile, the temperature above
the ranges, the composite particles would coagulaBy going through such step,
easily soluble silica-containing layer with a r&laly large thickness may be
formed on the surface of the composite particle.

[0183]

By such first manufacturing method of this invemtj the first dispersion

of this invention is obtainable.
[0184]
<Second Manufacturing Method of This Invention>

The second manufacturing method of this inventolh be explained.

The second manufacturing method of this inventias Steps 4 to 6,
explained below.

[0185]
<Step 4>

In Step 4, a silica particle dispersion havingleea-based particle
dispersed in the solvent is prepared.

[0186]
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The silica-based particle, although the mode tbere not specifically
limited, preferably has average particle size amdphology similar to those of the
mother particle. The silica-based particle cordaamorphous silica as a major
ingredient, like the aforementioned mother particl&ow the definition of major
ingredient is same as that of the mother particle.

The average particle size of the silica-basediglarts measured as
described below. The silica-based particle is pgoaphed under a transmission
electron microscope at 300,000x magnification (00,800x magnification) to
obtain a photoprojection, on which the maximum deaen of the particle is
assumed as the long axis, and the length thereddtisrmined to be long diameter
(DL). On the other hand, a bisection point is fdwon the long axis, then two
points where a line orthogonal to the long axish&t bisection point crosses the
outer edge of the particle are found, and the distabetween such two points is
determined to be short diameter (DS). Geometriamaf the long diameter (DL)
and the short diameter (DS) is determined to beatherage particle size of the
silica-based patrticle.

Such average particle size is measured for ea&® gfarticles, and a
number average of the obtained particle sizes lisutated.

[0187]

In a case where the second manufacturing methaldifinvention is
aimed to prepare the ceria-based composite parisigersion to be applied to
polishing of semiconductor devices, the silica-lshparticle dispersion employable
here preferably contains the silica particle, mawctdred by hydrolyzing
alkoxysilane, dispersed in a solvent. Meanwhiteaicase where any of known
silica-based particle dispersions (silica partidigpersion prepared from water
glass, for example) is used as a starting matesiadh silica particle dispersion is
preferably treated with acid, and then deionizethis is because, in this case, the

content ratios of Na, Ag, Ca, Cr, Cu, K, Mg, Ti,, 44, Th, Cl, NQ, SO, and F
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contained in the silica particle may be reducedl arore specifically, may be
reduced down to 100 ppm or below.

More specifically, the silica particle, as a stagtmaterial of the silica-
based particle dispersion used in Step 4, prefgrastisfies conditions (a) and (b)
below:

(a) content ratio of each of Na, Ag, Ca, Cr, Cy,Mg, Ti and Zn is 100
ppm or below; and

(b) content ratio of each of U, Th, ClI, NGO, and F is 5 ppm or below.

[0188]

In Step 4, the silica-based particle dispersiaihg the silica-based
particle dispersed in the solvent is kept stirred éemperature of 0 to 20°C, at a
pH of 7.0 to 9.0, and at a redox potential of 5G&® mV, to which a metal salt of
cerium and a salt containing different atom areeatithdependently or in a
premixed manner, continuously or intermittentlyth@reby obtain the precursor
particle dispersion that contains the precursotiplar.

Now, the precursor particle dispersion that camdahe precursor particle
may alternatively be obtained by adding the meadtl sf cerium, the salt
containing different atom, as well as a silica syrindependently or in a mixed
manner, into the silica-based particle dispersion.

[0189]

The dispersion medium of the silica-based partiigpersion preferably
contains water, and therefore a water-based sbhased particle dispersion
(hydrosol) is preferably used.

[0190]

The solid matter concentration of the silica-bapadicle dispersion is
preferably 1 to 40 mass%. If the solid matter a@mtcation is too low, the silica
concentration in the manufacturing process becdmwespossibly degrading the

productivity.
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[0191]

The silica particle dispersion may be subjectedxtraction of impurities,
and optionally to deionization, using cation excpamesin, anion exchange resin,
mineral acid, organic acid, and ultrafiltration merane. The silica-based particle
dispersion freed from impurity ions and so forthdsionization is preferred since
the surface will have silicon-containing hydroxidasily formed thereon.

Methods of deionization are not limited thereto.
[0192]

When, in Step 4 of the second manufacturing metiotthis invention, the
temperature of reaction between the silica-basetighe, and the metal salt of
cerium and the salt containing different atom,ast® 50°C, the crystalline ceria
particle (child particle) in the precursor partictbtainable after drying in the
middle stage of Step 5, is found to have a partsite of smaller than 2.5 nm.

This indicates that, during the reaction betwedicaiand ceria in a liquid phase at
such high temperatures, silica inhibits crystalvgtto of ceria, so as to give ceria,
after dried, with a small average crystallite ssrealler than 2.5 nm.

Although such precursor particle might have theacehild particle with
an average crystallite size of 10 nm or largeradjusting the firing temperature at
1200°C or above, then the cerium-containing silepger becomes more likely to
tightly cover the ceria child particle, unfortungtenaking the crushing difficult.
Hence, the reaction temperature is kept at 0 t€C20°moderately suppress the
reaction between silica and ceria in liquid phasethat ceria in the precursor
particle, after dried, will have a large averaggstallite size of 2.5 nm or larger
and will be easily crushable. In addition, sinbe faverage crystallite size after
dried is large, so that the firing temperature vinhi€ necessary to increase the
average crystallite size of the ceria child pagitd 10 nm or larger may be
lowered, thereby the cerium-containing silica lgyastainable after firing, is

prevented from becoming excessively thick, and adeeasily crushable.
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[0193]

In Step 4, such silica-based particle dispersskept stirred at a
temperature of 0 to 20°C, at a pH of 7.0 to 9.0 aha redox potential of 50 to
500 mV, to which the metal salt of cerium and th#é sontaining different atom
are added continuously or intermittently. Low rgdmwtential may make the
crystal rod-like, which is less likely to deposit the mother particle.

[0194]

Types of metal salt of cerium and the salt contegrdifferent atom are
exemplified by, but not limited to, chloride, nitea sulfate, acetate, carbonate, and
metal alkoxide. More specifically, the metal saftcerium is exemplified by
cerium(lll) nitrate, cerium carbonate, cerium (IHylfate, and cerium(lll) chloride.
Among them, cerium(lll) nitrate and cerium(lll) cdrlde are preferred, since they
can be produced in the form of crystalline ceriggdioxide of cerium, and cerium
silicate, from a solution having been supersatwateon being neutralized, which
can then rapidly coagulate and deposit on theasibased particle (mother
particle), to finally form monodisperse ceria is@accessful manner. However,
sulfate ion, chloride ion and nitrate ion containedhese metal salts are corrosive.
Hence, after the mixing step, the mixture is prabdy washed in a post process as
needed, to thereby reduce contents of the ions dovnhppm or below.

Meanwhile, carbonate salt and alkoxide are prefigrabed, since the former is
released in the form of carbon dioxide gas duringimg, and the latter
decomposes to produce alcohol.

[0195]

The amounts of addition of the salts of cerium difterent atom, relative
to the silica particle dispersion, are determinedhsat the individual contents of
silica, ceria and one or more different atoms,hiea bbtainable second composite
particle of this invention, satisfy the relatiorvgn by (Ce + M)/Si = 0.038 to 1.11.

[0196]
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Meanwhile, the amounts of addition of the saltcefium and different
atom, relative to the silica particle dispersiore determined so that the content of
the different atom, in terms of oxide, in the ob&le second composite particle of
this invention falls in the range from 0.01 ppm2® mass%. The content ratio in
terms of oxide is more preferably 0.01 ppm to 158%, and most preferably 0.01
ppm to 10 mass%.

[0197]

The temperature at which the silica-based partlcspersion, after addition
of the metal salt of cerium and the salt of differatom, is kept stirred is
preferably 0 to 20°C, and more preferably 3 to 18°T the temperature is too
low, ceria and silica will become less reactivehntiach other, silica will have
considerably reduced solubility, and thereby theacwill become uncontrolled
regarding crystallization. As a consequence, aoarygstalline oxide of ceria will
be produced, and the ceria child particle will abnally grow on the surface of the
mother particle, making the crushing after firingfidult. In addition, decrease
of the amount of dissolution of silica by ceriumngeound consequently reduces
the amount of silica fed to the cerium-containinlgca layer. Silica that serves as
a binder between the silica mother particle andddwea child particle runs short
(shortage of silica stacked on the mother partich@d this is considered to make
the ceria child particle difficult to be immobilideon the silica mother particle.
Conversely, too high temperature would considerabtyease the solubility of
silica, and would suppress production of the criyista cerium oxide, but on the
other hand would require high temperature for firimould promote binding
among particles, and would make the composite gartincrushable. This also
unfortunately causes scales on the wall of a reactessel. The silica mother
particle is preferably less likely to be dissolvegthe cerium compound
(neutralized product of cerium salt). If the sdimother particle is likely to be

dissolved, silica will suppress crystal growth efi@, and will reduce the particle
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size of the ceria child particle to smaller thab 8m in the mixing step.

The child particle (ceria), with a particle sizethe mixing step of smaller
than 2.5 nm, requires higher temperature for finimgrder to grow the particle
size of ceria particle after fired up to 10 nm arder. This may, however, allow
the cerium-containing silica layer to tightly cowde mother particle, and may
make the crushing difficult. Highly soluble silicaother particle is suitably used
as the starting material, after dried at 100°C lmw\ee to suppress the solubility.

[0198]

Time over which the silica-based particle dispemnsis kept stirred is
preferably 0.5 to 24 hours, and more preferablyt8.28 hours. Too short time
unfortunately tends to cause coagulation of thestatyine cerium oxide, making it
less reactive with silica on the surface of the meotparticle, and making the
resultant composite particle less crushable. Coselg, too long time will no
longer allow the reaction to proceed and will beconomical. The silica-based
particle dispersion, after addition of the metdlt &4 cerium, may optionally
ripened at 0 to 98°C. This is because the ripereng enhance the reaction of the
cerium compound, and can allow freed cerium pagtickept floated rather than
being attached to the mother particle, to deposithe mother particle.

[0199]

The pH of the silica-based particle dispersionwtach the metal salt of
cerium and the salt of different atom are added ket stirred, is adjusted to 7.0
to 9.0, and preferably to 7.6 to 8.9. The pH isfprably adjusted by using an
alkali or the like. Such alkali is exemplified lkpown alkalis, and more
specifically by, but not limited to, aqueous ammesolution, and agueous
solutions of alkali hydroxide, alkali earth metalsd amines.

[0200]
The redox potential of the silica-based partidlgpérsion, to which the

metal salt of cerium and the salt of different atare added and kept stirred, is
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adjusted to 50 to 500 mV. The redox potentialrsferably adjusted to 100 to
300 mV. Under a negative redox potential, plakelor rod-like independent
cerium particles would be produced, rather than tha cerium compound could
attach to the surface of the silica-based particlelethod for keeping the redox
potential within the aforementioned range is exdfigd by addition of an oxidant
such as hydrogen peroxide, or aeration or ozoneibig.

[0201]

Through such Step 4, a dispersion (precursor gartispersion) that
contains a particle (precursor particle), whiclaiprecursor of the second
composite particle of this invention, is obtainedVith such Step, it now becomes
possible to obtain the crystalline ceria partiatlild particle) contained in the
precursor particle, with an average crystalliteesoZ 2.5 to 9.5 nm. Under too
large reactivity between silica and ceria, the tailse ceria particle contained in
the precursor particle will have an average crygéasize of smaller than 2.5 nm,
and this needs firing in Step 5 at an excessivejh hemperature in order to grow
the ceria particle up to 10 nm or larger. This Wostrengthen cohesion among
the composite particles, and would make the cruslhlifficult.

[0202]

As described above, in Step 4, such silica-basetqgbe dispersion is kept
stirred at a temperature of 0 to 20°C, at a pH.0fté 9.0, and at a redox potential
of 50 to 500 mV, to which the metal salt of ceriamd the salt of different atom
are added continuously or intermittently, whictpreferably followed by keeping
the dispersion at a temperature above 20°C andhigbier than 98°C, at a pH of
7.0 to 9.0, and at a redox potential of 50 to 500 to which the metal salt of
cerium is added continuously or intermittentlyth@reby obtain the precursor
particle dispersion.

In other words, it is preferable in Step 4 to coatdthe process at a

temperature of 0 to 20°C, and then to change thmpézature above 20°C and not
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higher than 98°C, to thereby obtain the precursotiple dispersion.

This is because, with such way of conducting Stepp becomes easier to
obtain the second dispersion of this invention tt@itains the second composite
particle of this invention, in which the child pele has a broad particle size
distribution, and thereby the polishing rate incesa

Note that preferred values for pH and redox patgnand method of
adjustment or the like, in the process conducted @mperature above 20°C and
not higher than 98°C, are same as those in theggsoconducted at a temperature
of 0 to 20°C.

[0203]

Conversely, it is preferable to conduct the precasa temperature above
20°C and not higher than 98°C, prior to the procamsducted at a temperature of 0
to 20°C, to thereby obtain the precursor partiagkpdrsion. More specifically,
the silica-based particle dispersion is preferaddpt stirred at a temperature above
20°C and not higher than 98°C, at a pH of 7.0 ty @nd a redox potential of 50 to
500 mV, to which the metal salt of cerium and thé sf different atom are
preferably added continuously or intermittentlydahen the mixture is preferably
kept at a temperature of 0 to 20°C, a pH of 7.0.th and a redox potential of 50
to 500 mV, to which the metal salt of cerium isferably added continuously or
intermittently, to thereby obtain the precursortpde dispersion.

This is because, with such way of conducting Stepp becomes easier to
obtain the second dispersion of this invention ttr@aitains the second composite
particle of this invention, in which the child pale demonstrates a particle size
distribution with an appropriate value of coeffiosteof variation.

Note that preferred values for pH and redox patgnand method of
adjustment or the like, in the process conducted @mperature above 20°C and
not higher than 98°C, are same as those in theggsoconducted at a temperature

of 0 to 20°C.
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[0204]

Reaction within the range from 0 to 20°C can prosllarge-sized ceria
child particles due to suppressed reactivity ofiwwmragainst silica, whereas
subsequent addition of the metal salt of ceriumilevkeeping the mixing
temperature above 20°C and not hither than 98°Geodss the reactivity of cerium
against silica and accelerates dissolution of ajlibereby silica inhibits the crystal
growth of ceria to produce small-sized ceria chpatticle. Such way of adding
the metal salt of cerium in the mixing step (Stgpeksentially at a reaction
temperature of 0 to 20°C, and then changed to aBOVE and not hither than
98°C, can widen the particle size distribution loé tceria child particle. Given
that the step of adding the metal salt of ceriuma atixing temperature of 0 to
20°C is essentially employed, the reaction at gmgderature above 20°C and not
higher than 98°C may precede or succeed the raaati® to 20°C. The
temperature may even be changed three or more times

[0205]

In a case where the reaction temperature is clthimggvo or more steps,
the amount of addition of the metal salt of ceridaring the reaction at 0 to 20°C
is preferably 10 to 90 mass% of the total amounaddition of the metal salt of
cerium. This is because, beyond this range, matiarge-sized (or small-sized)
ceria child particle will decrease, and the padisize distribution is widened not
so much.

[0206]

Types of salt of a different atom is exemplifieg but not limited to,
chloride, nitrate, sulfate, acetate, carbonate, raethl alkoxide of different atom.
However, sulfate ion, chloride ion and nitrate wontained in these metal salts are
corrosive. Hence, after the mixing step, the migtis preferably washed in a
post process as needed, to thereby reduce coraéthie ions down to 5 ppm or

below. Meanwhile, carbonate salt and alkoxideeferably used, since the
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former is released in the form of carbon dioxide garing mixing, and the latter
decomposes to produce alcohol.

The different atom is entirely or partially solslubilized into the
crystalline ceria that coagulates on the surfacthefsilica particle.

[0207]

The amounts of addition of the salts of cerium #mel salt of a different
atom, relative to the silica particle dispersiore determined so that the individual
contents of silica, ceria and one or more differamms, in the obtainable
composite particle of this invention, satisfy tledation given by (Ce + M)/Si =
0.038 to 1.11.

[0208]

The silica source is exemplified by alkoxysilaaejdic silicic acid

solution, sodium silicate and silicon tetrachloride
[0209]

Through such Step 4, a dispersion (precursor gartispersion) that
contains the particle (precursor particle), whishaiprecursor of the second
composite particle of this invention, is obtained.

[0210]

The precursor particle dispersion obtained in Stapay further be diluted
with pure water or deionized water, or may be corseel, before being subjected to
Step 5.

[0211]

The precursor particle dispersion preferably hasled matter

concentration of 1 to 27 mass%.
[0212]

The precursor particle dispersion may optionakydeionized using cation

exchange resin, anion exchange resin, ultrafilbratnembrane, ion exchange

membrane, centrifugation and so forth.
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[0213]
<Step 5>

In Step 5, the precursor particle dispersion igdirand then fired at 800 to
1,200°C, preferably at 950 to 1,200°C.

[0214]

Method for drying is not specifically limited, favhich any of known
dryers may be used. More specifically, box dryemd dryer, spray dryer and so
forth are employable.

More preferably, the precursor particle disperdi@fiore being dried is
recommended to have a pH of 6.0 to 7.0. This isabse, the precursor particle
dispersion before being dried, with the pH adjusi®.0 to 7.0, may suppress the
surface activity.

The firing temperature after drying is 800 to 1020, preferably 950 to
1200°C, even more preferably 1000 to 1180°C, artdnyare preferably 1000 to
1150°C. Firing within these temperature rangesvadl ceria to fully crystallize,
and allows Si and different atom to be fully sosidhubilized in the ceria crystal,
and the cerium-containing silica layer that residaghe surface of the child
particle will be moderately thickened, the ceriuontaining silica layer will be
bound tightly on the mother particle, and the chphltticle dispersed in the cerium-
containing silica layer will be less likely to fall If the temperature is too high,
the ceria crystal would abnormally grow, the certaontaining silica layer would
be excessively thick, amorphous silica composirgrtiother particle would
crystallize, or the particles would be brought ictwhesion in an accelerated
manner.

[0215]

In Step 5, the obtained fired product is brougttbicontact with a solvent,

and wet crushed within the pH range from 8.6 ta81@ obtain a crushed fired

product dispersion.
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Now the fired product and the solvent may be brdugto contact by
immersing the fired product in the solvent and tipem into a crusher; or by
feeding the fired product and the solvent togeih&r the crusher. Crushing is
then allowed to proceed while controlling pH of th@lvent. The pH may be 8.6
to 10.8. Higher pH can help the easily-solublécaillayer to be formed with an
appropriate thickness.

[0216]

The wet crusher may be any of known apparatusbaghnare exemplified
by wet medium agitating mill (wet crusher) includibatch-type bead mill such as
basket mill; horizontal/vertical/annular-type canibus bead mill, sand grinder
mill and ball mill; rotor-stator homogenizer; ulg@anic dispersion homogenizer,
and impact crusher based on collision of partichethe dispersion. Bead used
for the wet medium agitating mill is exemplified byose made of glass, alumina,
zirconia, steel, flint and so forth.

The solvent used for wet grinding is water and/iganic solvent. Water
is preferably pure water, ultrapure water or dezewli water. Solid content
concentration of the crushed fired product dispmrgreferably, but not
restrictively, falls in the range from 0.3 to 50 $8&6.

[0217]

Alternatively, the fired product obtained afterihig may be dry-crushed,
and then wet-crushed with a solvent added thereiitin the pH range from 8.6 to
10.8.

Dry crusher may be any of known apparatuses, whrehexemplified by
attritor, ball mill, vibrating mill, vibration balmill and so forth.

[0218]

The wet crushing is thereafter conducted whilepkeg pH of the solvent

at 8.6 to 10.8. This is because, with the pH kepphin this range, it becomes

possible to finally, and more easily, obtain thei@dased composite particle
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dispersion which demonstrates, when subjectedda#tion colloidal titration, a
streaming potential curve indicating a rattoP(CD/V), given by formula (1) above,
of -110.0 to -15.0, wher&PCD denotes amount of change of streaming potential
and V denotes amount of addition of a cation calébititrant (V) at a knick.

That is, the crushing is preferably conducted dolya degree where the
second dispersion of this invention according fmreferred mode is obtainable.
This is because the polishing rate may be imprdwedsing the second dispersion
of this invention, according to a preferred mode aa abrasive as described above.
The present inventors presume that the polishitg maay further be improved and
the child particle may be prevented from falling,aresult of appropriate thinning
of the cerium-containing silica layer on the sudaxf the second composite
particle of this invention, and/or, appropriate egpre of the child particle to a
part of the surface of the composite particle. Phesent inventors also presume
that the cerium-containing silica layer is thinpgartially lost, so that the child
particle is releasable to a certain degree duriblgsping. APCD/V is preferably -
100.0 to -5.0, and more preferably -100.0 to -20.0.

[0219]
<Step 6>

In Step 6, the crushed fired product dispersiotamied in Step 5 is
centrifuged at a relative centrifugal acceleratadr800 G or larger, and then a
sediment fraction is removed, to thereby obtaindbea-based composite particle
dispersion.

More specifically, the crushed fired product dispen is classified by
centrifugation. The relative centrifugal accelératin the centrifugation is set to
300 G or larger. After the centrifugation, the iseent fraction is removed, and
thereby the ceria-based composite particle disparsiay be obtained. The upper
limit of the relative centrifugal acceleration isagtically, but not specifically

limited to, 10,000 G or below.
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Step 6 necessarily employs the centrifugation gadisfies the
aforementioned conditions. With the centrifugat@eration failed to satisfy the
conditions, coarse particle will remain in the @ebased composite particle
dispersion, possibly causing scratching when swsiaebased composite particle
dispersion is used as an abrasive and is appligalishing.

According to the second manufacturing method o thvention, the ceria-
based composite particle dispersion manufacturethbynethod described above
may further be dried, to obtain the ceria-based posite particle. Method of
drying is not specifically limited, and allows uséany of known dryers.

[0220]

As a result of such second manufacturing methothisfinvention, the
second dispersion of this invention is obtainable.

The mixed liquid, obtained by adding the saltcefium and different
atom (and silica, more preferably) to the silicatigde dispersion, preferably
demonstrates a positive redox potential. Thisdsduse, under a negative redox
potential, plate-like or rod-like independent cenigparticles would be produced,
rather than that the cerium compound could attacthé surface of the silica-based
particle. Method for keeping positive redox potiahts exemplified by, but not
limited to, addition of an oxidant such as hydrogemoxide, or aeration or ozone
blowing.

[0221]
<Polishing Abrasive Particle Dispersion>

Liquid containing the dispersion of this inventitnsuitably applicable as
the polishing abrasive particle dispersion (alslemed to as “the polishing
abrasive particle dispersion of this invention”yéi@after). The dispersion is
suitably used as a polishing abrasive particle elisn, particularly for
planarizing a substrate having a Si@sulating film formed thereon. The

dispersion, to which a chemical ingredient is adttedontrol the polishing
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performance, is also suitably used as a polishing\s
[0222]

The polishing abrasive particle dispersion of timgention excels in
polishing rate when applied to polish a semicondusubstrate or the like, causes
less defects (scratches) on a polished surfacengyolishing, and causes less
residence of abrasive particle on the substrate.

[0223]

The polishing abrasive particle dispersion of timgention contains water
and/or organic solvent as a dispersion solvent.r the dispersion solvent,
preferably used is water such as pure water, utrapvater or deionized water.
The polishing abrasive particle dispersion of timgention is also suitably used as
a polishing slurry after adding an additive for tmtling the polishing
performances, which is at least one substance tggldoom the group consisting of
polishing accelerator, surfactant, heterocyclic poond, pH adjuster and pH
buffer.

[0224]
<Polishing Accelerator>

The polishing abrasive particle dispersion of timgention is employable
as a polishing slurry, by optionally adding a knopwlishing accelerator, although
depending on types of target material to be polisheThe polishing accelerator is
exemplified by hydrogen peroxide, peracetic aciauperacetate, and mixtures of
these compounds. Such abrasive composition cantaihe polishing
accelerator, such as hydrogen peroxide, can effelgtincrease the polishing rate,
when used on a target material to be polished cempof metal.

[0225]

Other examples of the polishing accelerator inelutbrganic acids such as

sulfuric acid, nitric acid, phosphoric acid, oxa#cid and hydrofluoric acid,

organic acids such as acetic acid; sodium saltsggsoum salts, ammonium salts,
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and amine salts of these acids; and mixtures cfdlseibstances. In a case where
the polishing composition containing such polishaagelerator is applied to
polishing of a target material to be polished mafla composite ingredient, a
finally flat polished surface is obtainable by alerating the polishing rate
regarding a specific ingredient in the target miaieto be polished.

[0226]

For the polishing abrasive particle dispersionto$ invention containing
the polishing accelerator, the content is prefeydbl to 10 mass%, and more
preferably 0.5 to 5 mass%.

[0227]
<Surfactant and/or Hydrophilic Compound>

Aiming at improving the dispersibility or stabiiof the polishing abrasive
particle dispersion of this invention, it is accalplie to add cationic, anionic,
nonionic or ampholytic surfactant, or hydrophilicrepound. Both of surfactant
and hydrophilic compound act to reduce a contagleanf the dispersion on a
target surface to be polished, successfully prongptiniform polishing. The
surfactant and/or hydrophilic compound are exenmgdifoy those selected from the
groups below.

[0228]

The anionic surfactant is exemplified by carbogydalt, sulfonic salt,
sulfuric ester salt and phosphoric ester salt. ddmboxylic salt is exemplified by
soap and N-acylamino acid salt; the sulfonic sskéxemplified by alkylsulfonic
acid salt; the sulfuric ester salt is exemplifigddulfonated oil; and the phosphoric
ester salt is exemplified by alkylphosphate salt.

[0229]
The cationic surfactant is exemplified by aliplbaimine salts.
[0230]

The nonionic surfactant is exemplified by thosestifer type, ether ester
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type, ester type, and nitrogen-containing type. e €ther type is exemplified by
polyoxyethylene alkyl ether and alkyl phenyl ethédre ether ester type is
exemplified by polyoxyethylene ether of glycerirntexs the ester type is
exemplified by aliphatic acid ester of polyethylegigcol; and the nitrogen-
containing type is exemplified by aliphatic alkarawhide. Other examples
include fluorine-containing surfactant.

[0231]

The surfactant is preferably anionic surfactanhonionic surfactant.

The salt is exemplified by ammonium salt, potassgatt, and sodium salt.
Ammonium salt and potassium salt are particulargferable.
[0232]

The other surfactant, hydrophilic compound andasth are exemplified
by esters such as glycerin ester; ethers such lgsthglene glycol;
polysaccharides such as alginic acid; amino acit$ saich as ammonium glycinate
and sodium glycinate; polycarboxylic acid such abypspartic acid and salt
thereof; vinyl polymers such as polyvinyl alcohtdurate such as ammonium
methyltaurate; sulfate such as sodium methylsujfatiéfonic acid and salt thereof
such as sodium vinylsulfonate; and amide such apipnamide.

[0233]

Any of the surfactants is suitably applicable he target base to be
polished such as glass substrate. Meanwhile, @asiglifactant, or ammonium salt
thereof is preferably used for silicon substratedufor semiconductor integrated
circuit, which needs to be strictly protected freontamination with alkali metal,
alkali earth metal or halide.

[0234]

For the polishing abrasive particle dispersionto$ invention containing

the surfactant and/or hydrophilic compound, theteahthereof is preferably 0.001

to 10 g in total in one liter of the polishing abnege particle dispersion, which is
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more preferably 0.01 to 5 g, and particularly (13tg.
[0235]

In view of obtaining a sufficient level of effedhe content of the
surfactant and/or hydrophilic compound is prefeyabloO1 g or more per one liter
of the polishing abrasive particle dispersion, melite in view of avoiding
decrease of the polishing rate, the content isguedfly 10 g or less.

[0236]

Only one type of the surfactant of the hydrophdampound may be used

independently, or two or more types may be usea acombined manner.
[0237]
<Heterocyclic Compound>

In a case where metal is contained in the targetehlio be polished using
the polishing abrasive particle dispersion of timgention, a heterocyclic
compound may be added to the polishing abrasiveghadispersion of this
invention, aiming at forming a passive layer orissdlution suppressive layer on
such metal so as to suppress the target basepoltshed from being corroded.
Now, the “heterocyclic compound” means a compourat has a heterocycle
containing one or more heteroatoms. The heteroasomeferably exemplified
by, but not limited to, nitrogen atom, sulfur atoaxygen atom, selenium atom,
tellurium atom, phosphorus atom, silicon atom, aodon atom. The heterocyclic
compound is exemplified by, but not limited to, dazole and benztriazole.

[0238]

For the polishing abrasive particle dispersiornto$ invention containing
the heterocyclic compound, the content thereofrefgrably 0.001 to 1.0 mass%,
more preferably 0.001 to 0.7 mass%, and even mogiembly 0.002 to 0.4
mass%.

[0239]

<pH Adjuster>
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Typically aiming at enhancing the effects of tHeramentioned additives,
it is acceptable to optionally add an acid, a baseg salt of these substances, to
the polishing composition to control the pH.

[0240]

An alkaline pH adjuster is used, when the polighabrasive particle
dispersion of this invention is adjusted to pH7above. Examples of the alkaline
pH adjuster include sodium hydroxide, ammonia waaermonia carbonate, and
amines such as ethylamine, methylamine, triethyheerand tetramethylamine.

[0241]

An acidic pH adjuster is used, when the polishabgasive particle
dispersion of this invention is adjusted below pHExamples of the acidic pH
adjuster include acetic acid; hydroxy acids suclaatic acid, citric acid, malic
acid, tartaric acid and glyceric acid; and minaraids such as hydrochloric acid
and nitric acid.

[0242]
<pH Buffer>

It is also acceptable to use a pH buffer, in otdekeep the pH of the
polishing abrasive particle dispersion of this intien at a constant value. For
example, phosphate salt and borate salt, such asoamm dihydrogen phosphate,
diammonium hydrogen phosphate and ammonium tetedbdetrahydrate; and
organic acid salt are employable as the pH buffer.

[0243]

Known solvent are employable as the dispersiomestl of the polishing
abrasive particle dispersion of this invention. aBwles of employable organic
solvent include alcohols such as methanol, ethandlisopropanol; ketones such
as acetone; amides such as N,N-dimethylformamittesre such as diethyl ether;
glycol ethers such as 2-methoxyethanol; glycol etmetates such as 2-

methoxyethyl acetate; esters such as methyl acettligl acetate and isobutyl
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acetate; aromatic hydrocarbons such as benzenseneland xylene; aliphatic
hydrocarbons such as hexane; halogenated hydrocardiach as methylene
chloride; sulfoxides such as methyl sulfoxide; gydrolidones such as N-methyl-
2-pyrrolidone and N-octyl-2-pyrrolidone. They mbg mixed with water before
use.

[0244]

The polishing abrasive particle dispersion of timgention preferably has
the solid matter concentration within the rangenfr0.3 to 50 mass%. Too low
solid matter concentration may reduce the polishietg, whereas too high solid
matter concentration will no longer increase thégtong rate and will be

uneconomical.

Examples
[0245]
This invention will be explained referring to Exphas, without being
limited to Examples.
[0246]
<Experiment 1>
First, the individual measurement methods antresthods in Examples
and Comparative Examples will be detailed. Resoltdhe individual
measurements and tests for the individual Examahes Comparative Examples are
summarized in Tables 1 to 3 below.
[0247]
[Analyses of Ingredients]
[Measurement of Si@Content]
When measuring Sicontent of the silica-based particle dispersioiiQ.S
derived from sodium silicate was measured by subjgahe silica-based particle

dispersion to ignition loss test at 1000°C, thenglkieng the residue, and
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calculating the content while assuming the whokddee to be Si@ On the other
hand, SiQ derived from alkoxysilane was measured by dryimg silica-based
particle dispersion at 150°C for one hour, thenghéig the residue, and
calculating the content while assuming the whokadee to be Si@ Note that
also the solid matter concentration of the silieséd particle dispersion can be
determined in this process.

On the other hand, the Si@ontent in the ceria-based composite particle
was measured by subjecting the ceria-based congpaiticle dispersion to
ignition loss test at 1000°C, finding the mass olics matter, measuring content
ratio of Ce and content ratio of different atomngsian ICP atomic emission
spectrometer (for example, SPS5520 from Sl Inag the standard addition
method to find Ce@mass% and MQ mass%, in the same way as for Al to Th
described later, and then by calculating the St@ntent while assuming the
balance of the solid matter other than Ge@dd MG to be SiQ. For the ceria-
based composite particle free of the different gttdme SiQ content was calculated
while regarding MQ mass% to be zero.

Note that the content ratio of Si@nd the content ratio of Ce@ the
ceria-based composite particle, and parts by massroa per 100 parts by mass of
silica were calculated using the Ce€bntent and the Silcontent determined in
this process. Also the solid matter concentrabbthe ceria-based composite
particle dispersion can be determined in this pssce

In the measurement of content ratios of the speaiipurity group 1 and
the specific impurity group 2 described below, tomtent ratios of the individual
ingredient relative to the dry weight of silica wedetermined, using the thus
determined mass of SO

[0248]
[Analyses of Ingredients in Ceria-Based Composaetiele or Silica-Based

Particle]

103



Content ratios of the individual elements were swgad according to the
methods below.

First, approximately 1 g of a sample (with theidaontent adjusted to 20
mass%) composed of the ceria-based composite gmdiche ceria-based
composite particle dispersion was placed on a mplai dish. Three ml of
phosphoric acid, 5 ml of nitric acid, and 10 ml hgfluoric acid were added, and
the content was heated on a sand bath. After drpgch small amount of water
and 50 ml of nitric acid were added to dissolve tb&due, the content was placed
in a 100 ml volumetric flask, and diluted with watg to 100 ml. Na and K were
measured in this solution using an atomic absorpsipectrophotometer (for
example, Z-2310 from Hitachi, Ltd.). Next, frometlsolution thus diluted up to
100 ml, a 10 ml fraction was transferred into an2l0volumetric flask. The
operation was repeated five times to obtain fivendlfractions. Al, Ag, Ca, Cr,
Cu, Fe, Mg, Ni, Ti, Zn, U and Th were measuredhadge fractions using an ICP
atomic emission spectrometer (for example, SPS5&#€0 Sl Inc.) and the
standard addition method. Also a blank solutiorsweeasured in the same way,
and the measured values for the individual elemesgi®e corrected by subtracting
such blank value.

Then using the mass of Si@etermined by the aforementioned method,
the content ratios of the individual ingredientiate/e to the dry weight of silica
were determined.

[0249]

The content ratios of the individual anions wereasured according the
methods below.
<Cl>

Acetone was added to 20 g of a sample (with tHel ®mntent adjusted to
20 mass%) composed of the ceria-based compositelgaor the ceria-based

composite particle dispersion up to a volume of dl0then 5 ml of acetic acid

104



and 4 ml of a 0.001 mol sodium chloride solutionrevadded, and the solution was
analyzed by potentiometric titration (potentiomettitrator AT-610, from Kyoto
Electronics Manufacturing Co., Ltd.) using a 0.00al silver nitrate solution.

Besides this, a blank solution composed of 10@frdcetone, 5 ml of
acetic acid and 4 ml of a 0.001 mol sodium chlosdéution was titrated with the
0.002 mol silver nitrate solution to obtain a blartkation volume. The titration
volume of the sample was determined after subtoactif such blank titration
volume.

Then using the mass of Si@etermined by the aforementioned method,
the content ratios of the individual ingredienttative to the dry weight of silica
were determined.

[0250]
<NOj3, SQ,, F>

Five grams of a sample (with the solid conterjuatkd to 20 mass%)
composed of the ceria-based composite particlderceria-based composite
particle dispersion was diluted with water up td10l, the solution was
centrifuged using a centrifugal machine (HIMAC CH)@rom Hitachi, Ltd.) at
4000 rpm for 20 minutes, and the supernatant reetaafter removing a sediment
fraction was analyzed by ion chromatography (DIONE>S-1100).

Then using the mass of Si@etermined by the aforementioned method,
the content ratios of the individual ingredientiate/e to the dry weight of silica
were determined.

Note that the content ratios of the individualmeénts or the individual
anions in the silica particle (mother particle) wektetermined in the same way as
in the analytical method for the ceria-based contpgsarticle, except that a silica
particle dispersion was used as a sample, in pdatiee ceria-based composite
particle dispersion.

[0251]
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[X-Ray Diffractometry, Measurement of Average Cl$ite Size]

The ceria-based composite particle dispersiorherstlica-based composite
particle obtained in Examples and Comparative EXasmas dried using a known
dryer, the obtained powder was ground using a mdoial10 minutes, and analyzed
using an X-ray diffractometer (RINT1400 from Rigakarporation) to obtain an
X-ray diffraction pattern, from which a crystal typvas specified.

Also the full width at half maximum of a peak thegipeared in the thus
obtained X-ray diffraction pattern at arounél 2 28°, assignable to the (111) plane
(at around 2 = 28°) was measured, and the average crystaliesas determined
using the Scherrer equation.

[0252]
<Average Particle Size>

The silica-based particle dispersion and ceriaedaomposite particle
dispersion obtained in Examples and Comparativeniptas was measured
regarding the average particle size of the particetained therein, according to
the aforementioned image analysis.

[0253]
<Short Diameter/Long Diameter>

The individual particles contained in the silicarpicle dispersion and the
ceria-based composite particle dispersion obtaindfixamples and Comparative
Examples were photographed under a transmissiarnrele microscope (S-5500
from Hitachi, Ltd.) at 250,000 magnification (00®,000x magnification) to
obtain a photoprojection, on which the maximum deaen of the particle was
assumed as the long axis, and the length theresfdetermined to be long
diameter (DL). On the other hand, a bisection paias found on the long axis,
then two points where a line orthogonal to the laxgs at the bisection point
crosses the outer edge of the particle were foand,the distance between such

two points was determined to be short diameter (D)he ratio (DS/DL) was
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determined. The percentage of abundance of indgrgmarticles with a short
diameter/long diameter value of 0.8 or smaller Watermined, by measuring
freely selected 50 particles.
[0254]

<Number of Coarse Particles>

The number of coarse particles in the compositéigda was measured
using Accusizer 780APS, from Particle Sizing Systemw. A sample was diluted
with pure water down to 0.1 mass%, from which al5uortion of the solution was
injected into the measuring instrument, and meabsuraler conditions below.
The measurement was repeated three times, andthemed measurement data
regarding the number of coarse particles of Qubilor larger were averaged. The
average value was further multiplied by 1000, ttedmine the number of coarse
particles of the ceria-based composite particlaenms of dry particles. The
measurement conditions are as follows.
<System Setup>
- Stir Speed Control / Low Speed Factor 1500 / Hegreed Factor 2500
<System Menu>
- Data Collection Time 60 Sec.
- Syringe Volume 2.5 ml
- Sample Line Number: Sum Mode
. Initial 2"%-Stage Dilution Factor 350
- Vessel Fast Flush Time 35 Sec.
- System Flush Time / Before Measurement 60 SAéiet Measurement 60 Sec.
- Sample Equilibration Time 30 Sec. / Sample Flam& 30 Sec.

[0255]

[Method of Polishing Test]
<Polishing of SiQ Film>

Polishing abrasive particle dispersions that conthe ceria-based
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composite particle dispersions obtained in thevidlial Examples and
Comparative Examples were prepared. The solidenatincentration was
adjusted to 0.6 mass%, and the pH was adjustedotavh nitric acid.

Next, substrates having thereon a Si@sulating film formed by
deposition, or a thermal oxide film formed by theinoxidization (1um thick for
both of them) were prepared as target substratég foolished.

Each substrate was set on a lapping machine (NH80® Nanofactor Co.,
Ltd.), and polished using a polishing pad (IC-1W0BA400, concentric type,
from Nitta Haas Inc.), at a substrate load of 0.Bdvyland at a rotating speed of
table of 90 rpm, while feeding the polishing abvasparticle dispersion at a rate of
50 ml/min for one minute.

Change of mass of each target substrate to behmdi between before and
after the polishing was measured, and polishing veds determined.

Also the smoothness (surface roughness Ra) ofuhface of each target
substrate to be polished was measured under an@atonee microscope (AFM,
from Hitachi High-Tech Science Corporation). Sirthe smoothness and the
surface roughness are almost proportional, sotttesurface roughness was listed
in Tables 3 and 8.

Polishing scratches were observed on the insugdtlm, under an optical
microscope.

[0256]
<Polishing of Aluminum Hard Disk>

Polishing abrasive particle dispersions that conthe ceria-based
composite particle dispersions obtained in thevidilial Examples and
Comparative Examples were prepared. The solidenatincentration was
adjusted to 9 mass%, and the pH was adjusted tavtOnitric acid.

An aluminum hard disk substrate was set on a lagppaachine (NF300,

from Nanofactor Co., Ltd.), and polished using diglung pad (“Polytexp12”,
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from Nitta Haas Inc.), at a substrate load of OMPBa, and at a rotating speed of
table of 30 rpm, while feeding the polishing abvasparticle dispersion at a rate of
20 ml/min for 5 minutes. The entire surface wasearved using a ultrafine defect
visualization/macro inspection device (Micro-MAXpoi Vision Psytec) at Zoom
15, and the number of scratches (linear streaksidoon the polished surface
assumed to have an area of 65.97@vas counted up, and evaluated according to

the criteria below.

Number of linear streaks Judgement

less than 50 “very few”

50 or more, less than 80 “few”

80 or more “much”

* at least 80 or more, the total uncountable “x”
[0257]

Examples will be described below. Note that sienpbtation of “solid
matter concentration” means concentration of phasicirrespective of their
chemical species, dispersed in solvents.

[0258]
[Preparatory Step 1]
<Preparation of High-Purity 113 nm Silica Parti€epersion>
«Preparation of Silica Particle Dispersion (Aver&aticle Size of Silica Particle:
63 nm)»

Mixed were 12,090 g of ethanol and 6,363.9 g bfyebrthosilicate, to
prepare mixed solutioma

Next, 6,120 g of ultrapure water and 444.9 g o¥%2@mmonia water were
mixed to prepare mixed solution.b

Next, 192.9 g of ultrapure water and 444.9 g dfa@bl were mixed to
prepare pre-pouring solution.

The pre-pouring solution was kept stirred, adjddie 75°C, and thereto,
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the mixed solution gand the mixed solution;lwere added concurrently so that the
addition of each solution completes within 10 hour&fter completion of
addition, the mixture was kept at 75°C for 3 hotassripening, then the solid
matter concentration was adjusted, to thereby ab@a646.3 g of a silica sol with a
SiO; solid matter concentration of 19 mass%, havingaiparticle, whose average
particle size was determined to be 63 nm by imaudyeis, dispersed in the
solvent. Now, the image analysis means the afon¢imeed image analysis
having been applied to determine the average parsize of the silica-based
particle. The same meaning of the image analysadl apply to Preparatory Steps
described below.

[0259]
«Preparation of silica Particle Dispersion (Averd&gaticle Size of Silica Particle:
113 nm)»

Mixed were 2,733.3 g of methanol and 1,822.2 gtbfyl orthosilicate to
prepare mixed solutiompa

Next, 1,860.7 g of ultrapure water and 40.6 g @2ammonia water were
mixed to prepare mixed solution.b

Next, 59 g of ultrapure water and 1,208.9 g of maetl were mixed to
prepare pre-pouring solution, and added thereto%2&s1g of silica sol having the
silica particle obtained in the preceding stepvanh average particle size of 63 nm
dispersed in the solvent.

The pre-pouring solution containing the silica a@s kept stirred, adjusted
to 65°C, and thereto, the mixed solutionaad the mixed solution,lwere added
concurrently so that the addition of each solutt@mpletes within 18 hours.

After completion of addition, the mixture was kegit65°C for 3 hours for
ripening, condensed using a ultrafiltration memleramd a rotary evaporator so as
to adjust the solid matter concentration ($g0lid matter concentration) to 19

mass%, to thereby obtain 3,600 g of a high-puriliga particle dispersion.
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The particle contained in the high-purity silicarpcle dispersion was
found to have an average particle size of 113 nihhe content ratio of each of Na,
Ag, Al, Ca, Cr, Cu, Fe, K, Mg, Ni, Ti, Zn, Zr, U,AT Cl, NG;, SO, and F was found
to be 1 ppm or below.

[0260]

Next, to 1,053 g of such high-purity silica paléidispersion, 114 g of a
cation exchange resin (SK-1BH, from Mitsubishi Cheah Corporation) was
gradually added, the mixture was stirred for 30 més, and the resin was then
separated. The pH at this point of time was fotmbte 5.1.

Ultrapure water was then added to the thus obthsikca particle
dispersion, to thereby obtain 5,994 g of liquid1&49.8 g in terms of dry Sip
with a SiG solid matter concentration of 3 mass%.

[0261]
[Preparatory Step 2]
<Preparation of High-Purity Silicic Acid Solution>

To an aqueous sodium silicate solution (silicacariration: 24.06 mass%,
Na,O concentration: 7.97 mass%), pure water was atld@ethtain aqueous sodium
silicate solution (silica concentration: 5 mass%).

Eighteen kilograms of the thus obtained aqueoukuso silicate solution
was allowed to pass through 6 L of a strongly acihtion exchange resin
(SK1BH, from Mitsubishi Chemical Corporation) aspace velocity of 3.0°h to
thereby obtain 18 kg of acidic silicic acid soluti¢silica concentration: 4.6
mass%, pH2.7). Next, 18 kg of the thus obtainddiacsilicic acid solution was
allowed to pass through 6 L of a chelating ion exuye resin (CR-11, from
Mitsubishi Chemical Corporation) at a space velpait 3.0 h', to thereby obtain
18 kg of high-purity silicic acid solution (siliceoncentration: 4.5 mass%, pH2.7).

[0262]

[Preparatory Step 3]
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«Preparation of Silica Particle Dispersion (Averd&ticle Size Silica Particle: 25
nm)»

To 42 g of pure water, 514.5 g of the high-pustlcic acid solution was
added under stirring, 1,584.6 g of 15% ammonia waizs then added, the mixture
was then heated up to 83°C, and kept for 30 minutes

Next, 13,700 g of the high-purity silicic acid stibn was added over 18
hours, and the mixture after completion of additwas kept at 83°C for ripening,
to thereby obtain a silica particle dispersion, evhwas found, by image analysis,
to have an average particle size of 25 nm.

The obtained silica particle dispersion was coaledn to 40°C, and
condensed using a ultrafiltration membrane (SIP1@d8n Asahi Kasei
Corporation) up to a Sifconcentration of 12 mass%.

[0263]
«Preparation of Silica Particle Dispersion (Aver&aticle Size of Silica Particle:
45 nm)>»

To 991 g of pure water, 963 g of 12 mass% disparsif 25 nm silica
particle was added under stirring. Next, 1,414 §%% ammonia water was
added, the mixture was then heated up to 87°C kapd for 30 minutes.

Next, 12,812 g of the high-purity silicic acid stbn was added over 18
hours, and the mixture after completion of additwas kept at 87°C for ripening,
to thereby obtain a silica particle dispersion, evhwas found, by image analysis,
to have an average particle size of 45 nm.

The obtained silica particle dispersion was coaledn to 40°C, and
condensed using a ultrafiltration membrane (SIP1@d8n Asahi Kasei
Corporation) up to a Sifconcentration of 12 mass%.

[0264]
«Preparation of Silica Particle Dispersion (Aver&eticle size of Silica Particle:

70 nm)»
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To 705 g of pure water kept stirred, added was §@5 silica particle
dispersion (SiQ concentration: 12 mass%) in which silica particldose average
particle size was found by image analysis to bendb is dispersed in a solvent.
Next, 50 g of 15% ammonia water was added, andrix¢ure was then heated up
to 87°C, and kept for 30 minutes.

Next, 7,168 g of the high-purity silicic acid stlbn was added over 18
hours, and the mixture after completion of additwas kept at 87°C for ripening,
to thereby obtain a silica particle dispersionwinich silica particle, whose
average particle size was found by image analysizet70 nm, is dispersed in a
solvent.

The obtained silica particle dispersion was coaledn to 40°C, and
condensed using a ultrafiltration membrane (SIP1@d8n Asahi Kasei
Corporation) up to a Sifconcentration of 12 mass%.

[0265]
«Preparation of Silica Particle Dispersion (Aver&aticle Size of Silica Particle:
96 nm)»

To 1,081g of pure water kept stirred, added wa&81,g of silica particle
dispersion (Si@ concentration: 12 mass%) in which silica particldose average
particle size was found by image analysis to benff) is dispersed in a solvent.
Next, 50 g of 15% ammonia water was added, the umétvas then heated up to
87°C, and kept for 30 minutes.

Next, 6,143 g of the high-purity silicic acid stlhn was added over 18
hours, and the mixture after completion of additieas kept at 87°C for ripening,
to thereby obtain a silica particle dispersionwinich silica particle, whose
average particle size was found by image analysiset96 nm, is dispersed in a
solvent.

The obtained silica particle dispersion was coaledn to 40°C, and

condensed using a ultrafiltration membrane (SIP1@d8n Asahi Kasei
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Corporation) up to a SiOconcentration of 12 mass%. To the thus condensed
silica particle dispersion, an anion exchange r&AMNUP B, from Mitsubishi
Chemical Corporation, was added to remove anion.

[0266]
[Preparatory Step 4]

Ultrapure water was added to the high-purity 1038 silica particle
dispersion obtained in Preparatory Step 1, to ob8000 g of liquid A-1 with a
SiO; solid matter concentration of 3 mass%.

Next, deionized water was added to cerium(lllyati¢ hexahydrate (grade
4N high-purity reagent, from Kanto Chemical Co.¢.ln to obtain liquid B-1 with
a concentration of 2.5 mass% in terms of ¢eO

Next, liquid A-1 (6,000 g) was adjusted to 10°Qldept stirred, to which
liquid B-1 (8,453 g, equivalent to 117.4 parts bgsa Ce®@ per 100 parts by mass
of Si0,) was added over 18 hours. During the processliglied temperature was
kept at 10°C, and pH was kept at 8.7 to 8.8 usittgad3nmonia water as necessary.
The mixed liquid was kept aerated during additiéhiquid B-1 and during
ripening, so as to keep the redox potential to®8a0 mV.

After completion of addition of liquid B-1, the mad liquid was ripened
for 4 hours, while keeping the liquid temperatutdd@°C. After the ripening, the
mixed liquid was washed using an ultrafiltrationmi@ane while feeding
deionized water. A precursor particle dispersitmaoned after washing was
found to have a solid matter concentration of 4#s8%, a pH of 6.3 (at 25°C), and
a conductivity of 7Qus/cm (at 25°C).

Next, a 5 mass% aqueous acetic acid solution wdsdto the thus
obtained precursor particle dispersion so as tastdj)H to 6.5, the mixture was
dried in a drying oven at 100°C for 16 hours, ahert fired in a muffle furnace at
1021°C for 2 hours, to thereby obtain a powdergdiproduct.

[0267]
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[Preparatory Step 5]

Ultrapure water was added to the silica partiadepdrsion (average particle
size of silica particle: 96 nm) obtained in Prepgarg Step 3, to thereby obtain
liquid A-2 with a SiQ solid matter concentration of 3 mass%.

Next, deionized water was added to cerium(lllyati¢ hexahydrate (grade
4N high-purity reagent, from Kanto Chemical Co.¢.ln to obtain liquid B-2 with
a concentration of 3.0 mass% in terms of ¢eO

Next, 6,000 g of liquid A-2 (180 g, on dry basveas adjusted to 10°C and
kept stirred, to which 7186.7 g of liquid B-2 (2653, on dry basis) was added over
18 hours. During the process, the liquid tempemivas kept at 10°C, and pH
was kept at 7.6 using 3% ammonia water as necessa#fger completion of
addition, the mixed liquid was ripened for 4 housdile keeping the liquid
temperature at 10°C. The mixed liquid was kepatet during addition of liquid
B-2 and during ripening, so as to keep the redaempival to 100 to 200 mV.

After completion of ripening, the mixed liquid wadowed to cool at room
temperature, and after being cooled down to roompirature, washed using an
ultrafiltration membrane while feeding deionizedtesa to thereby obtain a washed
dispersion (precursor particle dispersion).

Next, a 5 mass% aqueous acetic acid solution wdsdto the washed
dispersion (precursor particle dispersion) so agdjust pH to 6.5, the mixture was
dried in a drying oven at 100°C for 16 hours, ahert fired in a muffle furnace at
1042°C for 2 hours, to thereby obtain a powdergdiproduct.

[0268]
<Example 1>

In a 1L side-arm beaker, 310 g of the fired pratdabtained in Preparatory
Step 4, and 430 g of deionized water were placeayiich 3% ammonia water was
added, kept stirred, and sonicated in a ultrasbait for 10 minutes, to thereby

obtain a suspension with pH10 (at 25°C).
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Next, into a crusher (LMZ06, from Ashizawa Findidad.) preliminarily
cleaned and flushed with water, 595 g of 0.25 manditer quartz bead was
placed, and the suspension was filled in a chaagk& of the crusher (ratio of
filling: 85%). Taking deionized water that remaimsa crushing chamber and
piping of the crusher into account, the concentratiuring crushing is estimated
to be 25 mass%. Wet crushing was then conductdéruconditions including a
peripheral speed of disk of the crusher of 12 m/slee number of times of passes
of 25 times, and a residence time per pass of hifdites. For every pass, 3%
ammonia water was added to keep pH of the suspemiiang crushing to 10. A
crushed fired product dispersion with a solid matencentration of 22 mass%
was thus obtained.

[0269]

Next, 29 mass% ammonia water (first grade, fronmti§aChemical Co.,

Inc.) was diluted with deionized water, to thergirgpare 1 mass% ammonia water.
Meanwhile, the high-purity silicic acid solution @ned in Preparatory Step 2 was
diluted with deionized water, to thereby obtain thass% diluted high-purity

silicic acid solution.

Next, deionized water was added to the crushestifproduct dispersion
with a solid matter concentration of 22 mass%,h@réby obtain a 0.5 mass%
diluted solution (also referred to as liquid C-®réinafter). While stirring
10,000 g (50 g, on the dry basis) of liquid C-Ir@m temperature, 15 g (0.03 g,
on dry basis) of the 0.2 mass% diluted high-pusiticic acid solution was added,
and after completion of addition, the mixture wastlier kept stirred for 10
minutes. Thereafter, 1 mass% ammonia water wasddd as to adjust pH to
9.5, the mixture was then heated to 50°C, and k&pted at this temperature for 24
hours. The mixture was then cooled down to roomperature, and condensed to
3.0 mass% using a rotary evaporator.

The thus obtained particle dispersion was cengefuiusing a centrifugal
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machine (Model “CR21G”, from Koki Holdings Co., L)dat a relative centrifugal
acceleration of 675 G for one minute so as to reen@sediment fraction, to
thereby obtain a ceria-based composite particlpadson.

[0270]

Next, polishing test was conducted using the thiomined ceria-based
composite particle dispersion.

Average particle size of silica-based particle {new particle) contained in
the silica-based particle dispersion used as distamaterial, and content ratios of
impurities are summarized in Table 1. Contentambf impurities contained in
the ceria-based composite particle dispersion @uintatios of impurities relative
to ceria-based composite particle on dry basis)saremarized in Table 2.
Content ratio of silica and content ratio of cecantained in the ceria-based
composite particle dispersion (content in partanigss of ceria, per 100 parts by
mass of silica), firing temperature, average criseasize of ceria-based
composite particle, crystal type, specific surfacea, average particle size of
ceria-based composite particle, ratio of easilyubte layer in composite particle
(ratio of dissolution per unit dry weight of comptesparticle), and measurement
results of polishing performance are summarized@iable 3. The same will apply
to Examples and Comparative Examples describednbelo

[0271]
<Example 2>

In a 1 L side-arm beaker, 310 g of the fired prctdabtained in Preparatory
Step 4 and 430 g of deionized water were placeashich 3% ammonia water was
added, kept stirred, and sonicated in a ultrasbait for 10 minutes, to thereby
obtain a suspension with pH10.5.

Next, into a crusher (LMZ06, from Ashizawa Findidad.) preliminarily
cleaned and flushed with water, 595 g of 0.25 manditer quartz bead was

placed, and the suspension was filled in a chaag& of the crusher (ratio of
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filling: 85%). Taking deionized water that remaimsa crushing chamber and
piping of the crusher into account, the concentratiuring crushing is estimated
to be 25 mass%. Wet crushing was then conductdéruconditions including a
peripheral speed of disk of the crusher of 10 m/s@ad the number of times of
passes of 69 times. For every pass, 3% ammoniarwmas added to keep pH of
the suspension during crushing to 10.5. A crudimed product dispersion with a
solid matter concentration of 22 mass% was thusiabkd.

[0272]

Next, deionized water was added to the crushedifproduct dispersion
with a solid matter concentration of 22 mass% hteréby obtain a 0.5 mass%
diluted solution (also referred to as liquid C-2réinafter). While stirring 10,000
g (50 g, on dry basis) of liquid C-2 at room tengtere, 100 g (0.2 g, on dry basis)
of the 0.2 mass% diluted high-purity silicic acia&tion, obtained by diluting the
high-purity silicic acid solution obtained in Preptory Step 2 with deionized
water, was added as the silica-containing additare] after completion of
addition, the mixture was further kept stirred idr minutes. Thereafter, 1 mass%
ammonia water was added so as to adjust pH tot®ebmixture was then heated to
50°C, and kept stirred at this temperature for a8d4r8. The mixture was then
cooled down to room temperature, and condenseddmass% using a rotary
evaporator, to thereby obtain a crushed fired pcodiispersion.

[0273]

The thus obtained condensed liquid (crushed fmextluct dispersion) was
centrifuged using a centrifugal machine (Model “QRzZ, from Koki Holdings
Co., Ltd.) at a relative centrifugal acceleratidr6@5 G for one minute so as to
remove a sediment fraction, to thereby obtain aacbased composite particle
dispersion.

[0274]

<Example 3>
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Ultrapure water was added to liquid A (silica-bagarticle dispersion)
obtained in Preparatory Step 1, to thereby prepa®64 g (179.8 g of dry Si) of
a dispersion with a Si©solid matter concentration of 3 mass%. The lighiaill
be referred to as liquid A-1 in Example 3.

Next, deionized water was added to cerium(lllyati¢ hexahydrate (grade
4N high-purity reagent, from Kanto Chemical Co.¢.ln to thereby obtain an
aqueous cerium nitrate solution (liquid B-2) witlt@ncentration of 3.0 mass% in
terms of CeQ.

Next, liquid A-1 (6,000 g) was kept at 10°C undeéirring, to which liquid
B-2 (7,186.7g, corresponding to 215.6 g of dry @eWas added over 18 hours.
During the process, the liquid temperature was kad0°C, and pH was kept at
8.6 to 8.8 using 3% ammonia water as necessaryter &bmpletion of addition,
the mixed liquid was ripened for 4 hours, while gy the liquid temperature at
10°C. The mixed liquid was kept aerated duringiadd of liquid B-2 and during
ripening, so as to keep the redox potential to ttDR00 mV.

Thereafter the mixed liquid was washed using drafiltration membrane,
while feeding deionized water. The precursor méetdispersion obtained after
washing was found to have a solid matter conceiomatf 4.7 mass%, a pH of 8.8
(at 25°C), and a conductivity of 4d/cm (at 25°C).

[0275]

Next, the thus obtained precursor particle disjp@rsvas dried in a drying
oven at 120°C for 16 hours, and then fired in afleufurnace at 1107°C for 2
hours, to thereby obtain a powder (fired product).

[0276]

To 100 g of the powder (fired product) thus ob&rafter firing, 300 g of
deionized water was added, further 3% ammonia watey added so as to adjust
pH to 9.0, and the mixture was then subjected tbameshing (batch type desk-top

sand mill, from Kanpe Co., Ltd.) with 0.25 mm diamequartz bead (from Daiken
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Chemical Co., Ltd.) for 120 minutes.

After the crushing, the bead was removed using anésh metal screen.
The obtained dispersion X was found to have a swiladter concentration of 9.3
mass% and weighed 937 g. During crushing, pH efdispersion was kept to 8.8
to 9.0, by adding ammonia water.

[0277]

Next, deionized water was added to cerium(lllyati¢ hexahydrate (from
Chikamochi Pure Chemical Co., Ltd.), to prepareg7@f a solution with a Ce
concentration of 0.2 mass%, and then 30 g of tRentass% high-purity silicic acid
solution was added, to thereby obtain 100 g of remhiliquid (liquid D-1)
containing Ce@and SiQ.

Then 10,000 g (50 g, on dry basis) of a disperspyepared by adding
deionized water to dispersion X so as to adjustcitvecentration to 0.5 mass%, was
kept stirred at room temperature, to which 100 @ @ mass% liquid D-1 (0.2 g,
on dry basis) was added, and after completion diftaxh, the mixture was kept
stirred for 10 minutes. Thereafter, 1 mass% amm@aovater was added so as to
adjust pH to 9.5, the mixture was heated to 50°@ lept stirred at this
temperature for 24 hours. The mixture was thenemadown to room
temperature, and condensed to 3.0 mass% usin@eyrevaporator.

The thus obtained condensed liquid (crushed fpextiuct dispersion) was
centrifuged using a centrifugal machine (Model “AR%, from Koki Holdings
Co., Ltd.) at a relative centrifugal acceleratidr6@5 G for one minute so as to
remove a sediment fraction, to thereby obtain aacbased composite particle
dispersion.

[0278]
<Example 4>
In Example 3, 100 g of liquid D-1 was added toQD® g of dispersion X.

Now in Example 4, processes were conducted anduated in the same way as in
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Example 3, except that 200 g (0.4 g, on dry basidiquid D-1 was added to
10,000 g (50 g, on dry basis) of dispersion X.
[0279]
<Example 5>
Deionized water was added to lanthanum chloridetdieydrate (97%),
reagent grade from Wako Pure Chemical Industriéd,, lto thereby prepare 140 g
of a 0.2 mass% L®; solution, to which 60 g of the 0.2 mass% high-pusilicic
acid solution was added, to thereby obtain 100 g ofixed liquid (liquid D-2) that
contains LaOs and SiQ.
In Example 3, 100 g of liquid D-2 was added to0I®, g of dispersion X.
Now in Example 5, processes were conducted anduated in the same way as in
Example 3, except that 200 g (0.4 g, on dry basidiquid D-2 was added to
10,000 g of dispersion X.
[0280]
<Example 6>
Deionized water was added to zirconium oxychlomdeahydrate
(industrial grade, from Taiyo Koko Co., Ltd., Zy(B6%), to thereby prepare 70 g
of a 0.2 mass% diluted Ze&olution, to which 30 g of the 0.2 mass% high-puri
silicic acid solution was added, to thereby obth@® g of a mixed liquid (liquid D-
3) that contains Zr@and SiQ.
[0281]
In a 1 L side-arm beaker, 310 g of the fired prctdabtained in Preparatory
Step 4 and 430 g of deionized water were placeashich 3% ammonia water was
added, kept stirred, and sonicated in a ultrasbait for 10 minutes, to thereby
obtain a suspension with pH10 (at 25°C).
Next, into a crusher (LMZ06, from Ashizawa Findidad.) preliminarily
cleaned and flushed with water, 595 g of 0.25 manditer quartz bead was

placed, and the suspension was filled in a chaagk& of the crusher (ratio of
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filling: 85%). Taking deionized water that remaimsa crushing chamber and
piping of the crusher into account, the concentratiuring crushing is estimated
to be 25 mass%. Wet crushing was then conductdéruconditions including a
peripheral speed of disk of the crusher of 12 m/slee number of times of passes
of 25 times, and a residence time per pass of hiites. For every pass, 3%
ammonia water was added to keep pH of the suspemiiong crushing to 10. A
crushed fired product dispersion Y with a solid teattoncentration of 22 mass%
was thus obtained.

[0282]

Then 10,000 g (50 g, on dry basis) of a disperspyepared by adding
deionized water to the obtained dispersion Y stoaadjust the concentration to 0.5
mass%, was kept stirred at room temperature, takvBD g of 0.2 mass% liquid
D-3 (0.1 g, on dry basis) was added, and after detrgn of addition, the mixture
was kept stirred for 10 minutes. Thereafter, 1 sfagmmonia water was added
so as to adjust pH to 9.5, the mixture was heate€sDPC and kept stirred at this
temperature for 24 hours. The mixture was thenemadown to room
temperature, and condensed to 3.0 mass% usin@eyrevaporator.

The thus obtained condensed liquid (crushed fmextluct dispersion) was
centrifuged using a centrifugal machine (Model “AR2, from Koki Holdings
Co., Ltd.) at a relative centrifugal acceleratidr6@5 G for one minute so as to
remove a sediment fraction, to thereby obtain aacbased composite particle
dispersion.

[0283]
<Example 7>

In a 1 L side-arm beaker, 310 g of the fired prctdebtained in Preparatory
Step 5 and 430 g of deionized water were placesshi@ch 3% ammonia water was
added, kept stirred, and sonicated in a ultrasbait for 10 minutes, to thereby

obtain a suspension with pH10.5 (at 25°C).
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Next, into a crusher (LMZ06, from Ashizawa Findidad.) preliminarily
cleaned and flushed with water, 595 g of 0.25 manditer quartz bead was
placed, and the suspension was filled in a chaagk& of the crusher (ratio of
filling: 85%). Taking deionized water that remaimsa crushing chamber and
piping of the crusher into account, the concentratiuring crushing is estimated
to be 25 mass%. Wet crushing was then conductdéruconditions including a
peripheral speed of disk of the crusher of 12 m/slee number of times of passes
of 25 times, and a residence time per pass of hifdites. For every pass, 3%
ammonia water was added to keep pH of the suspemiiang crushing to 10.5.

A crushed fired product dispersion with a solid teatconcentration of 22 mass%
was thus obtained.

The thus obtained condensed liquid (crushed fmextluct dispersion) was
centrifuged using a centrifugal machine (Model “AR2, from Koki Holdings
Co., Ltd.) at a relative centrifugal acceleratidr6@5 G for one minute so as to
remove a sediment fraction, to thereby obtain aacbased composite particle
dispersion.

[0284]

The ceria-based composite particle contained éenciétria-based composite
particle dispersion obtained in Example 7 was obs@émunder a SEM and a TEM.
FIG. 3(a) shows an SEM image, and FIG. 3(b) show&K image. As seenin
FIG. 3, a thin silica film (cerium-containing siidayer) was observed to cover the
topmost surface of a ceria-based composite particlkkom the SEM image, the
cerium-containing silica layer was observed to gabe surface of silica, and the
layer was observed to have the child particles elispd therein.

[0285]

The ceria-based composite particle contained encidria-based composite

particle dispersion obtained in Example 7 was anedyby X-ray diffractometry to

obtain an X-ray diffraction pattern. The obtain¢day diffraction pattern is
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shown in FIG. 4. As seen in FIG. 4, a consideraflgrp crystal pattern of
cerianite was observed in the X-ray diffractiontpat.
[0286]
<Example 8>
The processes were conducted in the same way Bsample 1, except
that a polishing slurry with a solid matter conaenibn of 1.0 mass% and an
ammonium nitrate concentration of 1000 ppm was areg by adding ammonium
and deionized water to the ceria-based compositecpaobtained in Example 1
(solid matter concentration: 3.0 mass%).
[0287]
<Example 9>
The processes were conducted in the same way Bsample 8, except
that ammonium acetate was used in Example 9, iogptd ammonium nitrate used
in Example 8.
[0288]
<Example 10>
Ammonium polyacrylate (first grade, from Wako P@hkemical Industries,
Ltd., average molecular weight: ca. 5,000) and dizied water were added to the
ceria-based composite particle obtained in Examplsolid matter concentration:
3.0 mass%), so as to adjust the solid matter canaton to 1.0 mass% and the
ammonium polyacrylate concentration to 500 ppmlofwed by sonication for
dispersion. Using the thus obtained the polistshgry, the processes were
conducted in the same way as in Example 1.
[0289]
<Comparative Example 1>
Ultrapure water was added to the 113 nm high-puwilica particle
dispersion obtained in Preparatory Step 1, to thebtain 6,000 g of liquid A-1

with a SiQ solid matter concentration of 3 mass%.
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Next, deionized water was added to cerium(lllyati¢ hexahydrate (grade
4N high-purity reagent, from Kanto Chemical Co.¢.ln to obtain liquid B-1 with
a concentration of 2.5 mass% in terms of ¢eO

Next, liquid A-1 (6,000 g) was heated to 50°C &egbt stirred, to which
liquid B-1 (8,453g, corresponding to 117.4 partsnbgss of Ce@per 100 parts by
mass of SiQ) was added over 18 hours. During the processligluéed
temperature was kept at 50°C, and pH was kept&uging 3% ammonia water as
necessary. The mixed liquid was kept aerated guaisidition of liquid B-1 and
during ripening, so as to keep the redox potergia positive value.

After completion of addition of liquid B-1, thegiuid temperature was
elevated to 93°C, and the mixed liquid was ripefeed4 hours. After completion
of the ripening, the mixed liquid was allowed tasd in a room so as to be cooled
down to room temperature, and then washed usingjtaafiltration membrane,
while feeding deionized water. The precursor méetdispersion obtained after
washing was found to have a solid matter conceinmatf 7 mass%.

Next, the thus obtained precursor particle disjp@rsvas adjusted to pH6.5
using a 5 mass% aqueous acetic acid solution, dnieddrying oven at 100°C for
16 hours, and then fired in a muffle furnace atA®@for 2 hours, to thereby
obtain a powdery fired product.

In a 1L side-arm beaker, 310 g of the fired pradand 430 g of deionized
water were placed, to which 3% ammonia water wakeddkept stirred, and
sonicated in a ultrasonic bath for 10 minutes,h@réby obtain a suspension with
pH8.4 (at 25°C).

Next, into a crusher (LMZ06, from Ashizawa Findidad.) preliminarily
cleaned and flushed with water, 595 g of 0.25 manditer quartz bead was
placed, and the suspension was filled in a chaagk& of the crusher (ratio of
filling: 85%). Taking deionized water that remaimsa crushing chamber and

piping of the crusher into account, the concentratiuring crushing is estimated
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to be 25 mass%. Wet crushing was then conductdéruconditions including a
peripheral speed of disk of the crusher of 12 m/slee number of times of passes
of 25 times, and a residence time per pass of hi4dites. For every pass, 3%
ammonia water was added to keep pH of the suspemiiong crushing to 8.4. A
crushed fired product dispersion with a solid matencentration of 22 mass%
was thus obtained.

The thus obtained condensed liquid (crushed fpextiuct dispersion) was
centrifuged using a centrifugal machine (Model “ARz, from Koki Holdings
Co., Ltd.) at a relative centrifugal acceleratidr6@5 G for one minute so as to
remove a sediment fraction, to thereby obtain aacbased composite particle
dispersion.

[0290]
<Comparative Example 2>

In a 1 L side-arm beaker, 310 g of the fired practdebtained in Preparatory
Step 4 and 430 g of deionized water were placesshi@ch 3% ammonia water was
added, kept stirred, and sonicated in a ultrasbait for 10 minutes, to thereby
obtain a suspension with pH10.5.

Next, into a crusher (LMZ06, from Ashizawa Findidad.) preliminarily
cleaned and flushed with water, 595 g of 0.25 manditer quartz bead was
placed, and the suspension was filled in a chaagk& of the crusher (ratio of
filling: 85%). Taking deionized water that remaimsa crushing chamber and
piping of the crusher into account, the concentratiuring crushing is estimated
to be 25 mass%. Wet crushing was then conductdéruconditions including a
peripheral speed of disk of the crusher of 10 m/sed the number of times of
passes of 69 times. For every pass, 3% ammoniarweds added to keep pH of
the suspension during crushing to 10.5. A crudived product dispersion with a
solid matter concentration of 22 mass% was thusiabkd.

[0291]
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Next, deionized water was added to the crushetifproduct dispersion so
as to adjust the concentration to 3.0 mass%, teatrifuged using a centrifugal
machine at 24000 G for 3 minutes, to thereby coléesediment fraction while
discarding a silica-containing supernatant.

Deionized water was then added to the sedimewtifra so as to adjust the
concentration to 10 mass%, the sediment fractios lraken up with a spatula,
and sonicated in a ultrasonic bath for 20 minuteshereby obtain a sediment
fraction dispersion (sediment fraction dispersia)).( The sediment fraction
dispersion ¢) was regarded as the ceria-based composite paraald evaluated.

[0292]
<Comparative Example 3>

The fired powder obtained in Preparatory Stepmdoanting 134 g, was
subjected to dry crushing using Nano Jetmizer JF&0 Aishin Nano
Technologies Co., Ltd., at a throughput of 2 g/narmushing pressure of 1.5 MPa,
and a crushing pressure of 0.4 MPa, to therebyioldtal g of a powder. The
powder was regarded as the ceria-based compogitielpaand evaluated.

[0293]

The composite particle contained in the compogéHicle dispersion
obtained in Comparative Example 3 was observed uad®EM and a TEM. FIG.
5(a) shows an SEM image, and FIG. 5(b) shows a TiE&De.

[0294]

The composite particle contained in the compogéHicle dispersion
obtained in Comparative Example 3 was analyzed faXdiffractometry to
obtain an X-ray diffraction pattern. The obtain¢day diffraction pattern is
shown in FIG. 6.

[0295]
<Comparative Example 4>

Prepared was 3.63 kg of a 0.7 mass% ammonia watdrwas heated to
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93°C (liquid A). Next, prepared was 5.21 kg ofiaer nitrate solution (liquid B)
with a concentration of 1.6 mass% in terms of geOLiquid B was added to
liquid A over one hour. After completion of additi, the mixture was kept at
93°C and ripened for 3 hours. The liquid afterngeripened was found to have a
pH of 8.4. The ripened liquid was cooled, centgdd at a relative centrifugal
acceleration of 5000 G, and the supernatant wasadied. Deionized water was
added to the sediment cake and stirred for re-glng;, and again the slurry was
centrifuged at a relative centrifugal acceleratadr5000 G. These processes were
repeated until the conductivity of slurry is reddatown to 10QuS/cm or below.
The slurry with the conductivity reduced down ta0405/cm or below was then
adjusted to have a solid matter concentration 6freass%, and then sonicated, to
thereby obtain a ceria particle dispersion.

The obtained ceria particle dispersion was fountdve an average
particle size of 117 nm.

X-ray analysis of crystallite size and crystal ¢yyevealed that the
crystallite size was 18 nm, and the crystal type wWeat of cerianite.

The ceria particle dispersion was adjusted to PH®&th nitric acid, to
thereby prepare a polishing abrasive particle disipa with a solid matter
concentration of 0.6 mass%. The polishing abrapiicle dispersion was used
for polishing of a thermal oxide film. Results aaemmarized in Tables 1 to 3.

[0296]
<Experiment 2>
[Quantification of Easily Soluble Silica-Containingyer]

To each of the ceria-based composite particleainbtl in the individual
Examples and Comparative Examples, deionized wassradded to adjust the
concentration to 3.3 mass%, and 81.8 g (2.7 g,rgrbdsis) of each mixture was
kept stirred, pH was adjusted to 9.0 using a 0.33%@diluted aqueous sodium

hydroxide solution or 6% nitric acid, to which daired water was further added,
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to a total weight of 90 g (2.7 g, on dry basis).

The mixture was kept stirred for 15 minutes, tl2&ng of the mixture was
placed in a centrifugal tube with an ultrafiltrationembrane, Vivaspin 20 from
Sartorius AG, and centrifuged using a centrifugalcmne (H-38F, from Kokusan
Co., Ltd.) at 1820 G for 30 minutes. After cemaghtion, the liquid separated
through the ultrafiltration membrane was collectadd the concentration of SjO
in the separated liquid was measured. Ratio ofetdssly-soluble layer (ratio of
dissolution per unit dry weight of composite palgijcwas determined from the
equation below.

Ratio of easily-soluble layer (%) = Si@oncentration (ppm) + 1,000,000 x
87.3g+ 2.7 g x 100

Results are summarized in Table 3.

[0297]
[Table 1]
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[Table 3]
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[0300]
<Experiment 3>

Each of the ceria-based composite particle dispessobtained in the
individual Examples 1, 3, 5, 6 and Comparative Egbes 3, 4 were measured
regarding streaming potential, and were also subgeto cation colloidal titration.
A titrator used here was an automatic titrator ABFfrom Kyoto Electronics
Manufacturing Co., Ltd.) equipped with a streampugential titration unit (PCD-
500).

First, to the ceria-based composite particle disjpe with the solid matter
concentration preliminarily adjusted to 1 mass%,@% aqueous hydrochloric
acid solution was added to adjust the pH to 6. tNawolume of the mixture that
corresponds to 0.8 g of solid content was placea 190 ml tall beaker, and the
streaming potential was measured. The mixture thvas titrated with a cation
colloidal titrant (0.001N poly(diallyl dimethyl amomium chloride) solution) at 5
second intervals, with an amount of injection pgeret of 0.2 ml, an injection rate
of 2 seconds/ml, up to 20 ml in total. The amoahaddition (ml) of the cation
colloidal titrant was plotted on the X-axis, anetstreaming potential (mV) of the
ceria-based composite particle dispersion was @tbtin the Y-axis, so as to
determine streaming potential | (mV) at the staxinp of streaming potential curve,
streaming potential C (mV) at a knick, and amounaadition V (ml) of the cation
colloidal titrant at the knick, to thereby calcida&PCD/V = (I - C)/V. Results are
summarized in Table 4. The streaming potentialewas shown in FIG. 7.

[0301]
[Table 4]
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Table 4

Comparative | Comparative

Example 1 |Example 3 |Example 3 |Example 6 Example 3 Example 4

Streaming potential
before

-333 -386 -218 -416 -295 261
measurement
@ pHB (MmV)
APCD/Y 48 31 34 99 508 Mo knick
- - = - —! o knic
(mv.” mL)
[0302]

<Experiment 4>
[Measurement of Solid-Solubilized State of Si]

The ceria-based composite particle dispersiontaedceria particle
dispersions prepared in Example 2 and Comparatkariple 4, respectively, were
analyzed using an X-ray absorption spectrometeK&S Looper, from Rigaku
Corporation) to obtain X-ray absorption spectrahst Ce L3-edge (at around 5727
eV), and EXAFS oscillations that appeared in theaX-absorption spectra were
determined. The spectra were analyzed using soé\WwR&X-2000 from Rigaku
Corporation, to determine average coordination nemelN of oxygen and cerium
atoms around a cerium atom, and average interatdistances R. Results are
summarized in Table 5. Note that in this patergcsfocation, a simple notation of
“interatomic distance” is defined to mean the “aage interatomic distance”
determined as described above.

It was confirmed from the results summarized ibl€a5 that Example 2
showed presence of oxygen, silicon and cerium ataroand a cerium atom, with a
cerium-oxygen interatomic distance of A5 , and @ure-cerium interatomic
distance of 3.4 , meanwhile a ceritsilicon interatomic distance of 32 .From
the analytical result of XRD teaching that ceriuasha cerianite crystal type and
exists in the form of Ce£) cerium oxide was considered to have Si solid-

solubilized therein. In contrast, Comparative Exéend did not show
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coordination of Si around the center Ce.

[0303]
[Table 5]
Table 5
unit | EI e lo 2 Comparative
ni emen xample Example 4
Coordination Ce 79 8
number around Ce _ Below
c?nt)er Si 13 detection
N limit
O 29 23
Distance from Ce
(R) A Ce as 37
Si 32 -
[0304]

<Experiment 5>
<Example 11>

Deionized water was added to cerium(lll) nitraexahydrate (grade 4N
high-purity reagent, from Kanto Chemical Co., Ind¢g obtain a ceria solution with
a concentration of 3.0 mass% in terms of ¢eO

Meanwhile, deionized water was added to lanthachtoride heptahydrate
(from Wako Pure Chemical Industries, Ltd.), to abta lanthanum oxide solution
with a concentration of 3.0 mass% in terms ofQa

Next, 363.3 g of the lanthanum oxide solution @L9.of La0O3) was added
to 6903.3 g of the ceria solution (207.1 g of drigy@), and further 48.4 g of the
high-purity silicic acid solution (2.18 g of dry @G4) obtained in Preparatory Step 2
was added, to thereby obtain 7315 g of liquid BO.A8 g, on dry basis) with a
solid content of concentration of 3.0 mass%.

[0305]
Next, liquid A (5994 g, corresponding to 179.8fgdoy SiO,) obtained in

Preparatory Step 1 was cooled down to 10°C, keptest, to which liquid B (7315
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g) was added over 18 hours. During the processlitiuid temperature was kept
at 10°C, and pH was kept at 8.8 to 8.9 using 3% anmimwater as necessary.
After completion of addition of liquid B, the mixte was kept at 10°C, and ripened
for 4 hours. The mixed liquid was kept aeratedimgiaddition of liquid B and
during ripening, so as to keep the redox poteratia positive value.

After completion of ripening, the mixed liquid wasshed using an
ultrafiltration membrane, while feeding deionizedter. The precursor particle
dispersion obtained after washing was found to hegelid matter concentration
of 7 mass%, a pH of 6.5 (at 25°C), and a conduigtigf 120us/cm (at 25°C).

[0306]

Next, the thus obtained precursor particle disjp@rsvas adjusted to pH6.5
by adding a 5 mass% aqueous acetic acid solutiwsh daied in a drying oven at
120°C for 15 hours, to thereby obtain a dry powdeFhe dry powder was then
fired in a muffle furnace at 1105°C for 2 hours the@reby obtain a fired product.

[0307]

To 100 g of the obtained fired product (powdefQ03) of deionized water
was added, further 3% ammonia water was added $so adjust pH to 10.0, and
the mixture was then subjected to wet crushingn@si batch type desk-top sand
mill, from Kanpe Co., Ltd.) with 0.25 mm diameteuaytz bead (from Daiken
Chemical Co., Ltd.) for 120 minutes. After the ghing, the bead was removed,
and the crushed product was pushed out using dednwvater, to thereby obtain
1184 g of a crashed fired product dispersion wigohd matter concentration of
7.2 mass%. During the crushing, the mixture wast ket pH 10.0, by adding
ammonia water.

The crushed fired product dispersion was furthertafuged using a
centrifugal machine (Model “CR21G”, from Koki Holdgs Co., Ltd.) at 2000 G
for 180 seconds, so as to remove a sediment fracéind the remained light liquid

was collected, and was used as a ceria-based cammpasticle dispersion.
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[0308]

The ceria-based composite particle contained endihtained ceria-based
composite particle dispersion, when analyzed bya¥-diffractometry in the same
way as in Example 15, showed a diffraction patt&ttmibutable to cerianite.

In later-described Examples 11 to 14, and Examp&®o 20, the ceria-
based composite particles contained in the indiaiuobtained ceria-based
composite particle dispersions were examined oir tBEM images and TEM
iImages in the same way as described later in Exarhp) and confirmed that all
mother particles were confirmed to have the cedataining silica layer on their
surfaces, and to have the child particles (cerystal particles) dispersed in the
layer.

[0309]

Measured results of properties and impurity cohtatios of silica particle
(mother particle); content ratios of silica, ceailad different atoms contained in the
ceria-based composite particle, and calculatedevafumole quantity of (Ce +
M)/Si; solid-solubilized element in ceria crystéiking temperature when preparing
ceria-based composite particle; crystallite size@fia-based composite particle;
average particle size of child particle; specificface area of ceria-based
composite particle; crystal type; content ratiogropurities contained in ceria-
based composite particle; and average particle sineria-based composite
particle are summarized in Tables 6, 7 and 8. Nio& the different atoms, being
solid-solubilized partially or totally into the darcrystal, were considered to be
entirely converted into oxides, and were thus dedot

Next, polishing test was conducted using the thiomined ceria-based
composite particle dispersion.

Further measured results of polishing performar(pedishing rate of
thermal oxide film, surface roughness, observatesult of polishing scratches on

thermal oxide film after polished, number of sches on polished aluminum hard
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disk) are summarized in Table 8. The same willlapp Examples and
Comparative Examples hereinafter.

[0310]
<Example 12>

In the process of preparation of liquid B in Exdenfal, 1090 g of 3.0
mass% lanthanum oxide solution (32.7 g of dryQ4 was added to 6176.7 g of
3.0 mass% ceria solution (185.3 g of dry Ge@o which 48.4 g of the high-purity
silicic acid solution (2.18 g of dry Sipwas further added, to thereby obtain
7315.1 g (220.18 g, on dry basis) of liquid B wélsolid matter concentration of
3.0 mass%.

Next, the processes were conducted in the sanre EBsample 11, except
that 5994 g of liquid A (179.82 g of dry SiDobtained in Preparatory Step 1 was
cooled down to 10°C, kept stirred, to which ligiBdvas added, and that the
temperature of the muffle furnace, when firing threed powder, was set to
1135°C. Results are summarized in Table 6 to 8.

[0311]
<Example 13>

Deionized water was added to zirconium oxychlorifiem Taiyo Koko
Co., Ltd.), to obtain a zirconia solution with ano@ntration of 3.0 mass% in terms
of ZrO..

Next, 363.3 g of the 3.0 mass% zirconia solutib@.9 g of dry ZrQ) was
added to 6903.3 g of 3.0 mass% ceria solution R@7of dry CeQ), to which 48.4
g of the high-purity silicic acid solution (2.18cf dry SiQ,) was further added, to
thereby obtain 7315 g of liquid B (220.18 g, on t@sis) with a solid matter
concentration of 3.0 mass%.

Next, the processes were conducted in the sanre Bsample 11, except
that 5994 g of liquid A (179.82 g of dry SiDobtained in Preparatory Step 1 was

cooled down to 10°C, kept stirred, to which ligiBdvas added, and that the
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temperature of the muffle furnace, when firing tireed powder, was set to
1050°C. Results are summarized in Table 6 to 8.

[0312]
<Example 14>

To 6903.3 g of ceria solution (207.1 g of dry GgGdded was 363.3 g
lanthanum oxide solution (10.9 g of dryJG), to obtain 7266.6 g (218 g, on dry
basis) of liquid B with a solid matter concentratiof 3.0 mass%.

Next, the processes were conducted in the sameaway Example 11,
except that 6066.7 g of liquid A (182 g of dry $)@btained in Preparatory Step 1
was cooled down to 10°C, kept stirred, and to wHighid B was added. Results
are summarized in Tables 6 to 8.

[0313]
<Example 15>

To 6176.7 g of 3.0 mass% ceria solution (185.3 drg CeQ), added was
1090 g of the 3.0 mass% zirconia solution (32.7 dry Zr0O,), to obtain 7266.7 g
(218 g, on dry basis) of liquid B with a solid maticoncentration 3.0 mass%.

Next, the processes were conducted in the sameaway Example 11,
except that liquid B was added to 6066.7 g of lthAai(182 g of dry SiQ) obtained
in Preparatory Step 1, and that temperature ofrib#fle furnace, when firing the
dried powder, was set to 1080°C.

[0314]

The ceria-based composite particle contained éencitria-based composite
particle dispersion obtained in Example 15 was obs@é under a SEM and a TEM.
A SEM image and a TEM image at 300,000x magnifmatare respectively shown
in FIGs. 8 and 9, and a SEM image and a TEM imdagE08,000x magnification
are respectively shown in FIGs. 10 and 11. Avenageicle size of the child
particle was measured on FIG. 8.

[0315]
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An X-ray diffraction pattern of the ceria-basedwuosite particle
contained in the ceria-based composite particlpealision obtained in Example 15
Is shown in FIG. 12.

[0316]

The X-ray diffraction pattern in FIG. 12 shows@nsiderably sharp crystal
pattern of cerianite. On the TEM images (FIGsnfl 41) and the SEM images
(FIGs. 8 and 10), the child particles (ceria crygtarticles) seemed to be tightly
bound to the surface of the mother particles.

From FIG. 8, a thin silica film was confirmed tower the topmost surface
of the ceria-based composite particle, and thatsthea film resides on the surface
of the child particles.

[0317]
<Example 16>

To 6903.3 g of 3.0 mass% ceria solution (207.% drg CeQ), added was
363.3 g of the 3.0 mass% zirconia solution (10&f gry Zr0O,), to obtain 7266.6 g
of liquid B (218 g, on dry basis) with a solid mattconcentration of 3.0 mass%.

The processes were conducted in the same way Bsample 11, except
that liquid B was added to 6066.7 g of liquid A 21§ of dry SiQ) obtained in
Preparatory Step 1, and that the temperature ofmilnéle furnace, when firing the
dried powder, was set to 1050°C.

[0318]
<Example 17>

Deionized water was added to iron(lll) chloridexhbydrate (from Kanto
Chemical Co., Inc.), to obtain iron oxide solutiaith a concentration of 3.0
mass% in terms of E6s.

Next, 1017.3 g of the 3.0 mass% zirconia solu(i®d.52 g of dry ZrQ)
and 72.7 g of the 3.0 mass% iron oxide solutiod82y of dry FeO3) were added

to 6176.7 g of 3.0 mass% ceria solution (185.3 grgfCeQ), to thereby obtain
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7266.7 g of liquid B (218 g, on dry basis) withaid matter concentration of 3.0
mass%.

Next, the processes were conducted in the sameaway Example 11,
except that 6066.7 g of liquid A (182 g of dry $)@btained by Preparatory Step 1
was cooled down to 10°C, kept stirred, to whichulthB was added, and that the
temperature of the muffle furnace, when firing threed powder, was set to
1080°C. Results are summarized in Tables 6 to 8.

[0319]
<Example 18>

Deionized water was added to nickel(ll) chloridexhhydrate (from Kanto
Chemical Co., Inc.), to obtain nickel oxide solutiovith a concentration of 3.0
mass% in terms of NiO.

In the process of preparation of liquid B in Exdefl, 1017.3 g of 3.0
mass% zirconia solution (30.52 g of dry Z)@nd 72.7 g of the 3.0 mass% nickel
oxide solution (2.18 g of dry NiO) were added to/617 g of 3.0 mass% ceria
solution (185.3 g of dry Cefp, to thereby obtain 7266.7 g of liquid B (218 g, 0
dry basis) with a solid matter concentration of ass%.

Next, the processes were conducted in the sameaway Example 11,
except that 6066.7 g of liquid A (182 g of dry $)@btained by Preparatory Step 1
was cooled down to 10°C, kept stirred, to whiclhultyB was added, and that the
temperature of the muffle furnace, when firing tireed powder, was set to
1080°C. Results are summarized in Tables 6 to 8.

[0320]
<Example 19>

Deionized water was added to cobalt(ll) chloricgex&hydrate (from Kanto
Chemical Co., Inc.), to obtain cobalt oxide solatwith a concentration of 3.0
mass% in terms of CoO.

In the process of preparation of liquid B in Exdenfil, 1017.3 g of the 3.0
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mass% zirconia solution (30.52 g of dry Z)@nd 72.7 g of the 3.0 mass% cobalt
oxide solution (2.18 g of dry CoO) were added td®Z g of 3.0 mass% ceria
solution (185.3 g of dry Cef), to thereby obtain 7266.7 g of liquid B (218 g, 0
dry basis) with a solid matter concentration 3.0se?a.

Next, the processes were conducted in the sameaway Example 11,
except that 6066.7 g of liquid A (182 g of dry $)@btained in Preparatory Step 1
was cooled down to 10°C, kept stirred, to whiclultyB was added, and that the
temperature of the muffle furnace, when firing tireed powder, was set to
1080°C. Results are summarized in Tables 6 to 8.

[0321]

<Example 20>

To 6176.7 g of 3.0 mass% ceria solution (185.3 drg CeQ), added were
1017.3 g of the 3.0 mass% zirconia solution (305 dry ZrG,) and 72.7 g of the
3.0 mass% lanthanum oxide solution (2.18 g of d&yQs), to thereby obtain
7266.7 g of liquid B (218 g, on dry basis) withaid matter concentration of 3.0
mass%.

Next, the processes were conducted in the sameaway Example 11,
except that 6066.7 g of liquid A (182 g of dry $)@btained in Preparatory Step 1
was cooled down to 10°C, kept stirred, to whiclhultyB was added, and that the
temperature of the muffle furnace, when firing tireed powder, was set to
1135°C. Results are summarized in Tables 6 to 8.

[0322]

<Example 21>

The processes were conducted in the same way Bsample 11, except
that ammonium nitrate and deionized water were dddehe ceria-based
composite particle obtained in Example 11, to thgrprepare a polishing slurry
with a solid matter concentration of 1.0 mass% andcammonium nitrate

concentration of 1000 ppm.
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[0323]
<Example 22>

The processes were conducted in the same way Bsample 21, except
that ammonium nitrate used for preparing the patigrslurry in Example 21 was
replaced by ammonium acetate in Example 22.

[0324]
<Example 23>

Polyacrylic acid (first grade, from Wako Pure Cheat Industries, Ltd.,
average molecular weight: ca. 5,000) and deionizater were added to the ceria-
based composite particle obtained in Example 1lassto adjust the solid matter
concentration to 1.0 mass% and the polyacrylic @oidcentration to 500 ppm,
followed by sonication for dispersion. Using theis obtained the polishing
slurry, the processes were conducted in the sanyeawan Example 11.

[0325]
<Comparative Example 5>

To 1,053 g of the high-purity silica-based pa#®idispersion obtained in
Preparatory Step 1, 114 g of a cation exchange &3K-1BH, from Mitsubishi
Chemical Corporation) was gradually added, the arixtwas stirred for 30
minutes, and the resin was then separated. Thatghkis time was found to be
5.1.

Ultrapure water was then added to the silica phrtdispersion, to thereby
obtain 6,000 g of dispersion (180 g of dry Si@With a SiQ solid matter
concentration of 3 mass% (also referred to as ticA+H3, hereinafter).

[0326]

Next, deionized water was added to cerium(lllyati¢ hexahydrate (4N
high-purity reagent, from Kanto Chemical Co., In¢g obtain aqueous cerium
nitrate solution with a concentration of 2.5 mass%erms of Ce@ (also referred

to as liquid B-1, hereinafter).
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[0327]

Next, liquid A-3 (6,000 g) was heated to 50°C, ksprred, to which liquid
B-1 (8120 g, corresponding to 112.8 parts by md<sSe®), per 100 parts by mass
of Si0,) was added over 18 hours. During the processligued temperature was
kept at 50°C, and pH was kept at 7.85 using 3% amawater as necessary. The
mixed liquid was kept aerated during addition @fulid B-1 and during ripening, so
as to keep the redox potential at a positive value.

After completion of addition of liquid B-1, theguid temperature was
elevated to 93°C, and the mixed liquid was ripefeed4 hours. After completion
of the ripening, the mixed liquid was allowed tasd in a room so as to be cooled
down to room temperature, and then washed usingjtaafiltration membrane
while feeding deionized water. The precursor méetdispersion obtained after
washing was found to have a solid matter conceiomadf 7 mass%, a pH of 9.1 (at
25°C), and a conductivity of 6gs/cm (at 25°C).

[0328]

Next, the thus obtained precursor particle disjp@rsvas adjusted to pH6.5
by adding a 5 mass% aqueous acetic acid solutioaddn a drying oven at 100°C
for 16 hours, and then fired in a muffle furnacel@88°C for 2 hours, to thereby
obtain a powder.

[0329]

In a 1L side-arm beaker, 310 g of the powder mlat@ after firing and 430
g of deionized water were placed, to which 3% ammavater was added, kept
stirred, and sonicated in a ultrasonic bath fomii@Qutes, to thereby obtain a
suspension with pH10 (at 25°C).

Next, into a crusher (LMZ06, from Ashizawa Findidad.) preliminarily
cleaned and flushed with water, 595 g of 0.25 manditer quartz bead was
placed, and the suspension was filled in a chaagk& of the crusher (ratio of

filling: 85%). Taking deionized water that remaimsa crushing chamber and
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piping of the crusher into account, the concentratiuring crushing is estimated
to be 25 mass%. Wet crushing was then conductdéruconditions including a
peripheral speed of disk of the crusher of 12 m/slee number of times of passes
of 25 times, and a residence time per pass of hifdites. For every pass, 3%
ammonia water was added to keep pH of the suspemiiong crushing to 10. A
crushed fired product dispersion with a solid matencentration of 22 mass%
was thus obtained.

The thus obtained particle dispersion was cengafliusing a centrifugal
machine (Model “CR21G”, from Koki Holdings Co., L)dat a relative centrifugal
acceleration of 675 G for one minute so as to reen@sediment fraction, to
thereby obtain a ceria-based composite particlpatison.

[0330]
<Comparative Example 6>

Measurement was made in the same way as in Exabiplesing liquid A
obtained in Preparatory Step 1.

Results are summarized in Tables 6, 7 and 8.

[0331]
[Table 6]
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[0332]

[Table 7]
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[0333]
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[0334]
<Experiment 6>
[Measurement of Solid-Solubilized States of Si &ifferent Atoms]

The ceria-based composite particle dispersionpgrerd in Examples 11,
13 and 20, and Comparative Example 5 were analysatg an X-ray absorption
spectrometer (R-XAS Looper, from Rigaku Corporajitmobtain X-ray
absorption spectra at the Ce L3-edge (at around %2, and EXAFS oscillations
that appeared in the X-ray absorption spectra wletermined. The spectra were
analyzed using software REX-2000 from Rigaku Cogpi@n, to determine average
coordination numbers (N) of cerium atom, siliconrator different atoms around a
cerium atom; cerium-silicon interatomic distancg){(Rerium-cerium interatomic
distance (R); and cerium-different atoms interatomic distan@i®gy). Results are
summarized in Table 9.

It is understood from the results summarized ibl&& that the child
particles in the individual Examples have silicdora and different atoms solid-
solubilized in the ceria component. Kinds of thBedtent atoms in the ceria-
based composite particles obtained in the individixamples are as follows [the
number of each Example is followed by differentra{e) in parentheses].
Example 11 (La), Example 12 (La), Example 13 (&xample 14 (La), Example
15 (Zr), Example 16 (Zr), Example 17 (Zr and Feyakple 18 (Zr and Ni),
Example 19 (Zr and Co), Example 20 (La and Zr).

[0335]
[Table 9]
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Table 9

. Example | Example | Example | Comparative
Unit| Element | 13 20 | Example 5
— Ce 7.6 7.4 6.7 7.9
. . Below
Coordinat
e | — | s 1.2 1.1 1.2 detection
limit
around
Ce center (N) | — La 04 — 1.1 —
— Zr — 0.5 0.1 —
A () 2.3 2.3 2.2 2.3
A Ce 3.8 3.7 3.8 3.7
Distance
from Ce (R) A Si 3.1 3.2 3.2 —
A La 3.8 — 3.8 —_—
A Zr — 3.7 3.7 —

Industrial Applicability
[0336]

The ceria-based composite particle contained endigpersion of this
invention is free of coarse particle, causes lesatshes, and gives high polishing
rate. The polishing abrasive particle dispersiontaining such dispersion of this
invention is suitably applicable to polishing oktsurfaces of semiconductor
devices on semiconductor substrates, circuit boamdsso forth, more specifically
to planarization of a semiconductor substrate hguarsilica film formed thereon.

[0337]

This application claims priority to Japanese Rafgpplication No. 2017-
109087 filed on June 1, 2017 and Japanese Pateiicapon No. 2017-118993
filed on June 16, 2017, the entire contents of Whace incorporated by reference

herein.
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CLAIMS

1. Aceria-based composite particle dispersiamtaining a ceria-based
composite particle that has an average particle sfz50 to 350 nm and is featured
by [1] to [3] below:

[1] the ceria-based composite particle has a nroplaeticle, a cerium-
containing silica layer on the surface of the motparticle, and a child particle
dispersed inside the cerium-containing silica layer

[2] the mother particle contains amorphous silksaa major ingredient, and
the child particle contains crystalline ceria asajor ingredient; and

[3] the ceria-based composite particle has anayecrystallite size of the

crystalline ceria, when analyzed by X-ray diffractetry, of 10 to 25 nm.

2. The ceria-based composite particle disperai@rording to claim 1,
containing the ceria-based composite particle frtieatured by [4] to [7] below:

[4] the ceria-based composite particle further Aaasasily soluble silica-
containing layer as the outermost layer;

[5] ratio D of mass B of the easily soluble silica-containing layer tass
D, of the ceria-based composite particle (D # x 100) is 0.08 to 30%;

[6] the ceria-based composite particle has a matss of silica and ceria of
100:11 to 316; and

[7] the ceria-based composite particle, when aredyby X-ray

diffractometry, shows only a crystal phase of ceria

3. The ceria-based composite particle disperaording to claim 1 or

wherein the child particle demonstrates a partstke distribution with a

coefficient of variation (CV value) of 10 to 60%.
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4. The ceria-based composite particle disperaeording to claim 1 or
2, further featured by [8] below:
[8] the crystalline ceria contained as a majomredient of the child particle

has silicon atom solid-solubilized therein.

5. The ceria-based composite particle disperaording to claim 1 or

demonstrating a negative streaming potential eefiming subjected to

cation colloidal titration, within the pH range fro3 to 8.

6. The ceria-based composite particle dispera@rording to claim 1 or

demonstrating, when subjected to the cation cadibtitration, a streaming
potential curve indicating a rati?d/PCD/V), given by formula (1) below, of -110.0
to -15.0, wheré\PCD denotes amount of change of streaming poterarad V
denotes amount of addition of a cation colloidalamt (V) at a knick:

APCD/V = (1 - C)/V --- Formula (1)

C: streaming potential (mV) at the knick;

I: streaming potential (mV) at the start pointtbé streaming potential

curve; and

V: amount of addition of the cation colloidalrant (ml) at the knick.

7. The ceria-based composite particle dispera@rording to claim 1,
containing the ceria-based composite particle fertieatured by [9] to [11] below:
[9] the crystalline ceria in the child particleshsilicon atom solid-

solubilized therein, and additionally has one orendifferent atoms solid-

solubilized therein;
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[10] each of contents of cerium, silicon and tligedent atom(s) in the
ceria-based composite particle satisfies a relagiozen by (Ce + M)/Si = 0.038 to
1.11, where M means a total mole number of one orendifferent atoms, and Ce
and Si mean mole numbers of cerium atom and siletom, respectively; and

[11] the ceria-based composite particle, when yaed by X-ray
diffractometry, shows (i) only a crystal phase efia, or (ii) only a crystal phase

of ceria and crystal phase(s) of oxide(s) of thiéedent atom(s).

8. The ceria-based composite particle disperaording to claim 1 or

wherein the different atom is a metal atom.

9. The ceria-based composite particle disperasimording to claim 2 or

wherein cerium atom and silicon atom containethia child particle

satisfy a relation given by R R,, where R represents interatomic distance of

adjoining cerium and silicon atoms, and iRpresents interatomic distance of

adjoining cerium atoms.

10. The ceria-based composite particle disperamrording to claim 2 or

wherein the child particle has a geometric meaniga size of 10 to 30

nm.

11. A polishing abrasive particle dispersion @ning the ceria-based

composite particle dispersion described in claior Z.

12. The polishing abrasive particle dispersioncading to claim 11,
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intended to be used for planarizing a semicondustdstrate having a

silica film formed thereon.

13. A method for manufacturing a ceria-based cosite particle
dispersion, the method comprising the Steps 1 heldw:

Step 1: keeping a silica-based particle dispersh@ving a silica-based
particle dispersed in a solvent, stirred at a terapee of 0 to 20°C, at a pH of 7.0
to 9.0, and at a redox potential of 50 to 500 m\{] adding thereto a metal salt of
cerium continuously or intermittently, to thereblytain a precursor particle
dispersion that contains a precursor particle;

Step 2: drying the precursor particle dispersiinng the precursor
particle at 800 to 1,200°C, bringing the obtaingeéd product into contact with a
solvent, and wet crushing the fired product witthe pH range from 8.6 to 11.5, to
obtain a crushed fired product dispersion; and

Step 3: centrifuging the crushed fired produdpdrsion at a relative
centrifugal acceleration of 300 G or larger, andrtliemoving a sediment fraction,

to thereby obtain the ceria-based composite particspersion.

14. The method for manufacturing a ceria-basedpmsite particle
dispersion according to claim 13,

wherein the Step 2 is conducted in such a waydnghg the precursor
particle dispersion, firing the precursor partielte800 to 1,200°C, bringing the
obtained fired product into contact with a solvemgt crushing the fired product
within the pH range from 8.6 to 11.5, adding acsificontaining additive, and
ripening the mixture by heating at 10 to 98°C, hereby obtain the crushed fired

product dispersion.

15. The method for manufacturing a ceria-basmdposite particle
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dispersion according to claim 13 or 14,

wherein the Step 3 is conducted in such a way ¢batrifuging the crushed
fired product dispersion at a relative centrifugateleration of 300 G or larger,
removing a sediment fraction, adding a silica-camteg additive, and ripening the
mixture by heating at 10 to 98°C, to thereby obtihia ceria-based composite

particle dispersion.

16. A method for manufacturing a ceria-based cosite particle
dispersion, the method comprising the Steps 4 bel6w:

Step 4: keeping a silica-based particle dispersh@ving a silica-based
particle dispersed in a solvent, stirred at a terapese of 0 to 20°C, at a pH of 7.0
to 9.0, and at a redox potential of 50 to 500 n adding thereto a metal salt of
cerium and a salt containing different atom indegeartly or in a premixed manner,
continuously or intermittently, to thereby obtaipeecursor particle dispersion that
contains a precursor particle;

Step 5: drying the precursor particle dispersiinng the precursor
particle at 800 to 1,200°C, bringing the obtaingeéd product into contact with a
solvent, wet crushing the fired product within thld range from 8.6 to 10.8, to
obtain a crushed fired product dispersion; and

Step 6: centrifuging the crushed fired produdpdrsion at a relative
centrifugal acceleration of 300 G or larger, andrtliemoving a sediment fraction,

to thereby obtain the ceria-based composite particspersion.

17. The method for manufacturing a ceria-basedpmsite particle
dispersion according to claim 16,

wherein the Step 4 is conducted in such a way ddding the metal salt of
cerium, the salt containing different atom, andl&® source independently or in a

mixed manner, into the silica-based particle dispmr, to thereby obtain the
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precursor particle dispersion.

18. The method for manufacturing a ceria-basedpusite particle
dispersion according to claim 16 or 17,

wherein the Step 4 is conducted in such a way ¢batinuously or
intermittently adding the metal salt of cerium ahe salt containing different atom
independently or in a premixed manner, into thecatbased particle dispersion
kept stirred, at a temperature of 0 to 20°C, aHaop 7.0 to 9.0, and at a redox
potential of 50 to 500 mV; and then continuouslyirtermittently adding the metal
salt of cerium and the salt containing differerdratindependently or in a
premixed manner, into the silica-based particlgédision kept stirred at a
temperature above 20°C and not higher than 98°@,@t of 7.0 to 9.0, and at a

redox potential of 50 to 500 mV, to thereby obtthe precursor particle dispersion.

19. The method for manufacturing a ceria-basedpmsite particle
dispersion according to claim 16 or 17,

wherein the Step 4 is conducted in such a way ¢batinuously or
intermittently adding the metal salt of cerium ahe salt containing different atom
independently or in a premixed manner, into thecatbased particle dispersion
kept stirred at a temperature above 20°C and rgitdrithan 98°C, at a pH of 7.0
to 9.0, and at a redox potential of 50 to 500 mig #hen continuously or
intermittently adding the metal salt of cerium ahe salt containing different atom
independently or in a premixed manner, into thecatbased particle dispersion
kept stirred at a temperature of 0 to 20°C, at agpH.0 to 9.0, and at a redox

potential of 50 to 500 mV, to thereby obtain thegqursor particle dispersion.
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